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The six GIAG Experts were as follows:

Julien M Christensen (PhD) - Chief Scientist, Human Factors, Universal Energy Systems, Inc.,
Dayton, Ohio.

James W. McBarron - Chief, Shuttle Support Branch, Crew Systems Division, NASA-Johnson
Space Center, Houston, Texas.

.g;)}lllin T. McConville (PhD) - President, Anthropology Research Project, Inc, Yellow Springs,
0.
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The GIAG User group was composed of invited representatives form all of the prime aerospace
CONtractors, support contractors, NASA centers and Headquarters, other Government agencies,
and some non-aerospace contractors. The GIAG Users who participated in at least one of the
GIAG meetings are listed in Figure F-2.

The technical content of these documents has been thoroughly reviewed by the GIAG par-
ticipants. The data can be used with confidence that all known relevant human engineering re-
quirements applicable to the space environment have been decumented and are as technically
valid as it is possible to determine. Iterations to the MSIS will be developed as physiological and
technical knowledge and requirements dictate.

Comments from any user are welcome and will be considered for updating the database and the

documentation. A Recommendations and Comments form appears at the end of this volume to
facilitate user inputs.
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FOREWORD

This is Volume I of the Man-Systems Integration Standards {MSIS) prepared for the National
Aeronautics and Space Administration (NASA) The MSIS consists of a family of documents with
a video tape as an adjunct . Each document volume has a specific purpose, as stated below, and
each has been assembled from the data contained in Volume I.

The title and scope of each current volume are given below:

Volume I - Man Systems Integration Standards

This document contains man-systems integration design considerations, design requirements,

and example design solutions for development of manned space systems. This is a NASA-level
standards document applicable to all manned space programs including NASA, military, and com-
mercial programs.

Volume II - Man-Systems Integration Standards - Appendices

This volume contains the appendices which pertain to the MSIS, and is organized as follows:

Appendix A Bibliography

Appendix B Paragraph References

Appendix C Glossary

Appendix D Abbreviations and Acronyms
Appendix E Units of Measure and Conversion Factors
Appendix F Not Applicable

Appendix G Acceleration Regime Applicability
Appendix H Video Tape User's Guide
Appendix I Not Applicable

Appendix J Keywords

Appendix K MSIS Recipients Listing

Volume III - Man-Systems Integration Standards - Design Handbook

This volume is a condensed field guide of pertinent quantitative data extracted from Volume I.

Chapters of the MSIS family of documents are as follows:

1. Introduction

2. General Requirements

3. Anthropometry and Biomechanics
4. Human Performance Capabilities
5. Natural and Induced Environments
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6. Crew Safety

7. Health Management

8. Architecture

9. Work stations

10. Actvity Centers

11. Hardware and Equipment
12. Maintainability

13. Facility Management

14. Extravehicular Activity

Volume IV - Space Station Man-Systems Integration Standards

This volume underwent many changes as we phased into the International Space Station Alpha
(ISSA) program. A smaller volume was developed from Volume IV and published as an ISSA
document entitled International Space Station Flight Crew Integration Standard
(NASA-STD-3000,/T) with ISSA document number SSP-50005. This document will be main-
tained by the ISSA publishing operations in Interleaf format. The contents of the SSP-50005
document will be monitored and controlled by the ISSA Flight Crew Support and Integration
Team.

Volume V - STS Man-Tended Payload Man-Systems Integration Standards

Deleted.

Volume VI - Assured Crew Return Vehicle Man-Systems Integration Stand-
ards

This document served as the Assured Crew Return Vehicle {ACRV) project man-systems integra-
tion design requirements. The data in this document is a subset of the data found in Volume I
and defines the requirements which were pertinent to the ACRV as defined in the ACRV
documentation. Additional data and guidelines were provided to assist in the design. The data
contained in this volume which is pertinent to the International Space Station Alpha (ISSA) has
been incorporated into ISSA document SSP-50005.

The original MSIS document was assembled for NASA by the Boeing Aerospace Company (BAC),
Kent, Washington, in conjunction with subcontractors Lockheed Missiles and Space Company
(LMSC), Sunnyvale, California; Essex Corporation, Huntsville, Alabama; and CAMUS, Inc.,
Springdale, Arkansas. The contractor team leaders and section authors for this effort are listed in
Figure F-1. Subsequent iterations to the MSIS will be developed for NASA by the custodial or-
ganization at JSC.

A Government\Industry Advisory Group (GIAG), composed of a panel of "Experts” and "Users",
met four times to review the technical content as it was being developed.
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1.0 INTRODUCTION
fA}

1.1 PURPOSE
{A}

This document provides specific user in-
formation to ensure proper integration of the
man-system interface requirements with
those of other aerospace disciplines. These
man-system interface requirements apply to
launch, entry, on-orbit, and extraterrestrial
space environments. This document is in-
tended for use by design engineers, systems
engineers, maintainability engineers, opera-
tions analysts, human factors specialists, and
others engaged in the definition and develop-
ment of manned space programs.

Concise design considerations, design re-
quirements and design examples are
provided. Requirements specified herein are
applicable to all U.S. manned-space flight
programs.

This document replaces earlier NASA field
center human engineering standards docu-
ments {(e.g., MSFC-STD-512A, Man/System
Requirements for Weightless Environments;
JSC-07387B, Crew Station Specifications).
This document also incorporates human en-
gineering standards and guidelines from
many other NASA, military, and commercial
human engineering standards applicable to
the space environments described above.

The document volumes have been ex-
tracted from a relational data base.

(Refer to Paragraph 1.3, Scope,
Precedence, and Limitations, for description
of the documents.)

1.2 OVERVIEW
{A}

The MSIS was created to provide a single,
comprehensive document defining all generic
requirements for space facilities and related
equipment which directly interface with crew-
members. The depth and breadth with which
the MSIS covers the field of human factors as

1-1

related to the space environment is easily seen
in the following overview of the document’s
contents.

The chapter on Anthropometry and
Biomechanics presents quantative informa-
tion about human body size, posture, move-
ments, surface area, and mass projected to the
year 2000.

The chapter on Human Performance
Capabilities documents the significant ways
the performance capabilities of humans may
change when they go into space.

The chapter on Natural and Induced En-
vironments documents the conditions to
which a crewmember will be exposed during
space flight. These include atmospheric com-
position, microgravity and acceleration ef-
fects, and acceptable noise, vibrations,
radiation, and thermal levels.

The chapter on Crew Safety deals with
general safety concerns as they relate directly
to the crewmember,

The chapter on Health Management dis-
cusses the measures that must be taken to
maintain the health of the crewmembers.

The chapter on Architecture discusses the
placement, arrangement, and grouping of
compartments and crew stations in space
modules, including design data for items
which integrate these various areas. These
include traffic flow and translation paths
hatches and doors, location and orientation
cures, and mobility aids and restraints,

The chapter on Workstations covers
workstation design, including layout, con-
trols, displays, labeling and coding, and
user/computer interface.
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The chapter on Activity Centers discusses
design and layout requirements for off-duty
crew stations in the space module. These in-
clude facilities for personal hygiene, body
waste management, meetings, recreation,
microgravity countermeasures, medical treat-
ment, laundry, trash management, and
storage facilities, also crew quarters, galley,
and wardroom. The chapter on Hardware and
Equipment provides information concerning
tools, drawers and racks, closures, mounting
hardware, handles and grasp areas, restraints,
mobility aids, fasteners, connectors, windows,
packaging, crew personal equipment, and
cable management.

The chapter entitled "Design for Main-
tainability” covers general equipment design
requirements; physical access; visual access;
removal, replacement, and modularity re-
quirements fault and isolation requirements;
test point design; and requirements for a
maintenance data management system.

The chapter on Facility Management
covers housekeeping, inventory control, and
information management.

The chapter on General EVA Information
establishes guidelines for extravehicular ac-
tivity which is defined as any activity per-
formed by a pressure-suited crewmember in
unpressurized or space environments.

Although written for application to the
space environment, much of the information
contained in the MSIS has obvious ap-
plicability to human interface/engineering
problems encountered in terrestrial environ-
ments. Use of the MSIS in man-systems types
of applications in one-g is encouraged as long
as the user recognized the instances in which
special consideration has been given to the
micro-g environment in the document.

The MSIS will be kept current through an
annual review process in which all users of the
documents are invited to participate.

1-2

1.3 SCOPE, PRECEDENCE, AND
LIMITATIONS
{A}

a. Document Scope - The overall
documentation is contained in several
volumes (currently four). Each document
has a purpose, and each has been assembled
from the data contained in Volume I. A
videotape is also available as an adjunct to this

-documentation (see figure 1.3-1).

The title and scope of each volume are
given below:

NASA-STD-3000, Volume I - Man-
Systems Integration Standards

This document contains man-systems in-
tegration design considerations, design re-
quirements, and example design solutions for
development of manned space systems. This
is a NASA-level standards document which is
applicable to all manned space programs and
is not limited to any specific NASA, military,
or commercial program.

NASA-STD-3000, Volume II - Man-
Systems Integration Standards -
Appendices

This volume contains the appendices
which pertain to the MSIS, and is organized as
follows:

Bibliography

Paragraph References

Glossary

Abbreviations and

Acronym

Units of Measure and

Conversion Factors

Appendix F  Unresolved Data Problems
and Issues (TBD)

Appendix G Acceleration Regime
Applicability

Appendix H Videotape User’s Guide

Appendix I Standards Database (TBD)

Appendix J Keywords

Appendix K MSIS Recipients Listing

Appendix A
Appendix B
Appendix C
Appendix D

Appendix E
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1-3
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Figure 1.3-1 MSIS Documents
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(Refer to Paragraph 1.4.3, Appendices,
for description of these appendices.)

NASA-STD-3000, Volume III, Man-
Systems Integration Standards -
Design Handbook

This volume, is a condensed field guide of
pertinent quantitative data extracted from
Volume 1.

SSP 50005, International Space

Station Flight Crew Integration
Standard (NASA-STD-3000/T)

This document serves as the International
Space Station Alpha (ISSA) program contrac-
tually binding man systems integration design
requirements. The data in this document are
a subset of the data found in Volume I and
defines the firm requirements which are per-
tinent to the ISSA program only.

NASA-STD-3000, Volume V - STS
Man-Tended Payload Man-Sys-
tems Integration Standards

This volume was created to document all
the man-systems integration design require-
ments for the development of man-tended
payloads to be serviced by the Space Transpor-
tation System (STS) Orbiter Vehicle. Data
deemed pertinent to the STS program has
been incorporated into existing STS
documentation. It is not anticipated that an
STS Man-Tended Payload Man-Systems In-
tegration Standard will ever be published.

NASA-STD-3000, Volume VI -
Assured Crew Return Vehicle Man-
Systems Integration Standards

This volume was created to document ail
the man-systems integration design require-
ments for the development of the assured
crew return vehicle. All requirements in this
volume deemed to be pertinent to the Interna-
tional Space Station Alpha {ISSA) program
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have been incorporated in SSP 50005. No
further update of this volume is anticipated.

(Subsequent volumes of NASA-STD-3000
will be developed as needed for future
manned space programs or projects.)

b. Precedence - Unless otherwise
specified, the man-systems integration
standards in the "requirements" subsec-
tions take precedence over the provisions
in other documents referenced by the sys-
tem specifications.

In many topical sections, cross references
are cited that refer the user from an IVA (In-
travehicular Activity) topical section to a re-
lated EVA (Extravehicular Activity) topical
section, and vice versa. There will be some
cases where IVA equipment and facilities will
be used in an EVA mode of operation during
a contingency situation, e.g., passageways.
Where the reader must interpret require-
ments, that apply to both EVA and IVA, it is
important to understand that a section apply-
ing to an EVA requirement is more stringent.
EVArequirements should not be compromised
by using IVA standards for EVA equipment or
the reverse, i.e., over-designing IVA equip-
ment by backlashing EVA requirements on IVA
equipment.

c. Limitations - Applicable sections of ref-
erence documents cited in the "Require-
ments” subsections are considered
contractually binding as well. Those given
in the "Introduction”, "Design Considera-
tions", and "Example Design Solutions”
subsections should be considered refer-
ence material and, therefore, not contrac-
tually binding unless specified by the
contracting program.
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1.4 HOW TO USE THE DOCU-

MENTS
(A}

1.4.1 Generic Topical Organiza-
tion
(A}

A generic organization has been adopted
for most topics. There are generally four
generic subsections for each topic:

- Introduction

- Design Considerations

- Design Requirements

- Example Design Solutions

The content of each of these four generic
subsections is shown in Figure 1.4.1-1 and

described below.

The "INTRODUCTION" subsection
provides a synopsis of the scope of topical
material covered in the section. The reader is
referred to other sections where related
material can be found.

The "DESIGN CONSIDERATIONS" subsec-
tion provides background material that helps
the user understand the rationale behind the
requirements. This subsection may contain
discussions of the environments pertinent to
the topic and other tutorial information. This
is where guidelines, recommendations and
other nonbinding provisions {the "shoulds")
are given. The words "design considerations”
appear in most of these paragraph titles.

The "DESIGN REQUIREMENTS" subsec-
tion provides the firm, contractually binding
standards, requirements, and criteria (the
"shalls"). These subsections are highlighted
by using a sans serif-type font in the paragraph
title, and using an italics font in the text.

The "EXAMPLE DESIGN SOLUTIONS"
subsection is used where appropriate to il-
lustrate and describe typical examples of how
the requirements have been implemented in
prior manned spacecraft.

1.4.2 Locating Data for a Specific
Topic
{A)

In this document, there are several ways
to locate information for a specific topic or
topical area (see Figure 1.4.2-1):

a. Use the TABLE OF CONTENTS. The
TOP LEVEL TABLE OF CONTENTS is

found at the front of Volume 1. This top
level table of contents shows only the first
2 levels of indenture of the 14 chapters.

b. Use the TAB DIVIDERS to go directly to
the chapters. The detailed table of con-
tents for the chapter is located behind the
tab divider.

¢. Use the KEYWORDS INDEX found in
Appendix J of Volume II - The al-
phabetized keyword list in this appendix
lists the paragraph numbers and titles that
contain data applicable to each of the
keywords.

d. Follow the {Refer to Paragraph........ )
statements to find other related data.
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A o

| # Defines scope of topical data included in

TOOLS subsection
- 112 Tools ‘  Refers to related topical data in other
11.2.1 Introduction ssctions
tools are a methodology Design Considerations
in space maintenance Wrench ® Space environment pecularities pertinent
and servicing that can be 1o this topic

11,2.2 Tool Design # Human responses pertinent to this topic
Coensiderations # Guidelines/recommendations
® Background information

part of any methodology ® “Should’s"
in space maintenance

v Design Requirements
< 11.2.3 Yool Dasign {in Gothis type font)
Requirements ® Firm contracturaily required requirements

attributed to a ® ""Shails”
successful mission
on the leadership o Example Design Solutions

* [llustrations/descriptions of successful
:J:fi;nE;.cmm;niom C//—’—/—‘ implementation of requirement

Many examples of the o
Figure 11.2-1 Crescent ) :
T — -]

Figure 1.4.1-1. Almost Every Topical Subsection Utilizes “Generic” Organization Structure

Top Level Table of Contents
{Front of this volume)

[ALERA [

J
Keyword Index {Appendix J in Volume 11) Tab Dividers and Detailed Table
gywiard naex 30 ivicers ang LUetailea [able

o Keywaords plus paragraph numbers and of Con
) ten
paragraph titles where each keyword e ts. .
is used ® Major topical subsections

® Detailed table of contents
for each chapter is on the page
following the tab divider

MSIS-3

REVY A

Figure 1.4.2-1. How to Locate Topical Data in MSIS Documents
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1.4.3 Appendices
{A}

1.4.3.1 References
{A}

The references used as the basis for the
data contained in the database and documents
are listed in Appendices A and B of Volume IT:

a. APPENDIX A - BIBLIOGRAPHY

1. This is the full bibliography of refer-
ences used or examined during the
development of the data.

2. References that were cited are listed
in boldface type font.

b. APPENDIX B - PARAGRAPH REFER-
ENCES

1. This appendix lists the paragraph
numbers in numerical sequence,

2. Each reference used as a basis for
the data in the paragraph is cited by
the reference number.

3. For each reference, the specific loca-
tion where data were obtained (sec-
tion, paragraph, and/or page number)
is cited.

1.4.3.2 Glossary, Acronyms, Units
of Measure, and Conversion
Factors
{A}

Definitions will be found in one of the
following appendices in Volume II:

APPENDIX C - GLOSSARY

APPENDIX D -
ACRONYMS

ABBREVIATIONS AND

APPENDIXE - UNITS OF MEASURE AND
CONVERSION FACTORS

1-7

1.4.3.3 Acceleration Regimes -
Applicability
{A}

One of the unique features of the database
is that every paragraph has been coded as the
applicable acceleration regimes. At the begin-
ning of each paragraph, a notation is made in
brackets { } with one or two of the following
codes:

O = Orbital = the microgravity accelera-
tion environments encountered in orbital and
very low acceleration transorbital operations.

L = Launch/Entry = the multi-G launch,
entry, and abort acceleration environments.

P = Planetary = the G-loads encountered
on the moon and Mars. Long-term, low-level
accelerations encountered in some transorbi-
tal flight operations may be applicable. An
artificial gravity system may also fall into this
acceleration regime.

A = All = this regime includes all of the
above plus one-g acceleration environment.

Appendix G in Volume II contains a
matrix that lists all of the paragraphs and
identifies which of these acceleration regimes
are applicable. This list will be very useful
when identifying man-system integration re-
quirements for new space systems that have
peculiar acceleration environments.

1.4.3.4 Unresolved Data Problems
and Issues (TBD)

1.4.3.5 Videotape User’s Guide
{A}

Avideotape has been made that illustrates
the various man-systems integration problems
that have been identified during Gemini, Apol-
lo, Skylab, and Shuttle manned space flights.
The videotape contains scenes from on-orbit
crew activities.
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The videotape has a clock and notations of
paragraph numbers from this document that
correlate to the topics illustrated in the video.

A videotape users guide is provided in
Appendix H of Volume II that lists the time,
paragraph numbers, and paragraph titles.

1.4.4 Document Acquisition and
Maintenance
{A}

Copies of this document and the videotape
can be obtained in one of two ways:

a. This document can be reproduced
without any restrictions.

b. Original copies of the document and
videotape can be obtained from the fol-
lowing source:

MSIS Custodian/SP2
NASA - Johnson Space Center
Houston, TX 77058

Users are encouraged to use the "Recom-
mendations and Comments" form found at
the back of each document to bring to the
MSIS Custodian’s attention any discreparn-
cies, problems, or issues related to the use
of the documentation, videotape, or
database.

1.5 STANDARDS DATABASE

(TBD)
{A}
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2.0 GENERAL REQUIREMENTS
(A}

2.1 INTRODUCTION
(A}

This section includes the general man/sys-
tem design considerations and design require-
ments related to simplicity and
standardization

2.2 GENERAL DESIGN

CONSIDERATIONS
(A}

2.2,1 Simplicity Design
Considerations
{A)

An uncomplicated, simple design is
generally more reliable and easier to operate
and maintain. When comparing alternative
designs from the human engineering point of
view, the simplest design will be the one that
is easiest to operate and maintain because it
will require less crew training, less crew
workload, and will have the least potential for
human error.

2.2.2 Standardization Design
Considerations
{A]

Crew-use hardware (e.g., fasteners,
electrical and fluid connectors switches, cir-
cuit breakers, and screws), markings, coding,
labeling, and equipment\panel arrangements
should be standardized as much as practical.
This will simplify operational and main-
tenance procedures, reduce the number of
tools required, crew errors, crew training re-
quirements, and maintenance skill require-
ments. Each common usage also reduces total
sparing levels and design documentation.
This standardization need not be a complex or
involved process. If practical, off-the-shelf
equipment should be used,

2-1

2.3 GENERAL DESIGN REQUIRE-
MENTS
{A}

It shall be demonstrated that performance re-
quirements and safety critical physical require-
ments given in this document are for the manned
spacecraft design via appropriate testing of the
parameters and characteritstics.

2.3.1 Simplicity Design Requirements
{A)

The design shall be as simple as possible
consistent with the functions desired and the ex-
pected service conditions.

2.3.2 Standardization Design
Requirements
{A)

The system shall be designed 1o adhere to the
following standardization requirements:

a. Hardware Operation Standardization -
The operation of crew-use equipment shall be
standardized so that similar applications use
the similar types of hardware.

b. Computer Procedures Standardization -
The operating procedures shall be stand-
ardized so that similar applications use
similar user!computer procedures.
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3.0 ANTHROPOMETRY AND

BIOMECHANICS
{A)

3.1 INTRODUCTION
(A)

3.1.1 Scope
{A)

This section presents information about
human body size, posture, movement, surface
area, volume, and mass.

(Refer to Paragraph 4.9, Strength, for in-
formation in human strength).

For purposes of this document, body
dimensions and mobility descriptions are
limited to the range of personnel considered
most likely to be space module crewmembers
and visiting personnel. It is assumed that
these personnel will be in good health, fully
adultin physical development, and an average
age of 40 years. A wide range of ethnic and

racial backgrounds may b represented, and
crewmembers may be either male or female.

The dimensional data in Paragraph 3.3.1,
Body Size, are estimates of the size of crew-
members in the year 2000.

Data included in this document have been
primarily measured on the ground (1-G en-
vironment). Where possible, guidelines are
provided for relating these data to spaceflight
acceleration regimes (from hypergravity to
nicrogravity).

The scope of this section is focused and
limited to basic descriptive data, rather than
workspace design requirements.

(Refer to Section 8.0, Architecture, Sec-
tion 9.0, Workstations, and Section 10.0, Ac-
tivity Centers for specific crew station design
considerations and requirements).

3.1.2 Terminology
{A)
The disciplines of anthropometry and

31

biomechanics have a specialized vocabulary of
terms with specific meanings for designating
points and distances of measurement, range,
direction of motion, and mass. General
anthropometric terminology is defined in Ap-
pendix B of Volume 2. Anatomical and
anthropometric planes and landmarks are il-
lustrated in Figures 3.1.2-1, -2, -3, and -4.
Body segments and the planes defining these
segments are defined in Figure 3.1.2-5.

Lateral

Medial

Lataral

Borsal

Cranial

}

\"antra/

Caudal

MSIS 260
Rev. A

Reference: 16, page |H-78
¥ith Updates

Figure 3.1.2-1. Anatomical Planes and Orientations

3.2 GENERAL
ANTHROPOMETRICS &
BIOMECHANICS RELATED DESIGN

CONSIDERATIONS
(A)
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Clavicle -
oy Suprasternale
Sternum
Acromion
i -
Humerus \ 4
v Axilla
Lateral
epicondyle - .
Ulna
‘\ Anterior superior
Radius S—|.T.31. 11,1
s TrOCh2NEBTION
Radial stylion 3
Ulnar stylion
Femur Perineum
Lateral
condyle . 7
Tihia
Fibula
o
Sphyrion Ny
o,
Reference: 16, 111-79
With Updates
Figure 8.1.2-2. Anatomical and Anthropometric Landmarks
3.2.1 Anthropometric Database maintainability by the user population.
Des;ign Considerations Generally, design limits are based on a
(A} ; range of the user population from the 5th
The following are considerations that g;rgsenilse Z;:,‘iﬁ; is;gnu%lebﬁ i}mﬁﬁ;
be made when using and applyin » 93 late. -
Lnnlilsl:.o ometric data 8 PPIyINE range will theoretically provide coverage
P ' for 90% of the user population for that

a. Percentile Range - Design and sizing of dimension.
space modules should ensure accom-
modation, compatibility, operability, and
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——— Biceps brachii
Cervical

Olecranon
Scapula

Bustpoint

10th Rib mid spine

lliac crest

Anterior supsrior

iliac spine
Buttock protrusion Trochanterion
Gluteal furrow
Fapliteal Patella

MSIS-262

Reference: 16, page 111-80

Figure 3.1.2-3. Anatomical and Anthropometric Landmarks
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Reference: 16, Page /|/-B1

Zygomatic arch

Glabella

Sellion (Nasal
root depression)

Pronasale

Subnasale

Menton
Gonial angle

MSIS-262

Figure 2124 Antivopomelric Lanamarks of the

MHosdg and Face

b. User Population Definition -
Anthropometric data should be estab-
lished form a survey of the actual user
population. In the case of space programs,
it is difficult to define the user population.
Past space programs have involved a
small, select, and easily defined group. As
the space program expands, the user
population will expand and change. With
improved environmental controls, physi-
cal fitness will be a less important
criterion. Skills and knowledge will be
more of a factor in selection. International
participation will also influence the char

acter of the user population. In this docu-
ment, the user population has not been
defined. Data are provided for the 5th
percentile Asian Japanese and the 95th
percentile White or Black American male
projected to the year 2000. This does not
necessarily define the 5th and 95th per-
centile of the user population. The datain
this document are meant only to provide
information on the size ranges of people
of the world. The Japanese female repre-
sents some of smaller people of the world
and the American male some of the larger.
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Head Segment

Neck segment Head plane

Neck plane
Shoulder plane

Ui arm
pRor sagm

Therax segment
gment

Therax plane
Abdoman segment

Elbow plane Abdominal plane

Hip plans
Pelvis segment

Thigh Flap segment
Thigh flap plane

Forearm segment

Wrist plane

Hand segment Thigh minus flap segment

Knse plane

Calf segment

Ankle plane
Fool sagment
Reference 213, page 15

Figure 312-5 Wustrative Visw of Body Segments and Planss of Segmentation

MSIS 204
1ot 2

Blane Definitigns
Head plane: Asimple planethat passes through the right and left gonion points and nuchale.
Neck plane: Acompound plana in which a horizontal plane originates at cervical and passes anteriorly to intersect with
the secend plane. The second plane criginates at tha lower of the two clavicle landmarks and passes superiarly at a
45 degree angle lo inlersect the horizontal plane.

Thorax plana: A simple transverse planae that originates atthe 10th st midspina landmark and passes horizentally
through the torso,

Abdominal plane: A simple transverse plane originating atthe higher of the two illica crest fandmarks and continuing
herizentally through the torso.

Hip plane: A simple plane originating midsagittaly on the perineal surface and passing superiorly and jaterally midway
between the anteriar superior iliac spine and trochanterion landmarks, paralleling the right and left inguinal ligaments.

Thigh tiap plane: A simple plane originating at the gluteal furrow landmark and passing horizontally through the thigh.
Knes plane: A simple plane originating at the lateral femoral epicondyle and passing horizontally through the knee,
Ankle plane: Asimpls plane criginating at the sphyrion landmark and passing horizontally through the ankle,

Shoulder plahe: A simple plane ariginating at the acromion landmark and passing inferiorly and medially through the
antarior and posterior scye point marks at the axdllary level,

Eibow plane; A simple plane originating at the olacranon landmark and passing through the medial and lateral humaral
epicondyle landmarks.

Wrist plane: A simple plane ariginating al the ulnar and radial styloid landmarks and passing throught the wrist
parpandicuiar 10 the iong axis of the foraarm,

Reference: 273, Page 8-15

Figure 3.1.2-5. llustrative View of Body Segmennts and Planes of Segmentation (Continued)
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Development of a predicted user popula-
tion size range requires a statistical com-
bination of an estimated mix of these data.

c¢. Misuse of the 50th Percentile - There is
an erroneous tendency to consider the
50th percentile dimensional data as suffi-
cient to accommodate the majority of
users. This must not be done. The 50th
percentile dimensions will accommodate
only a narrow portion of the population,
not a majority of the users. The full size
range of users must be considered.

d. Summation of Segment Dimensions -
Caution must be taken when combining
body segment dimensions. The 95th per-
centile arm length, for instance, is not the
addition of the 95th percentile shoulder-
to-clbow length plus the 95th percentile
elbow-to-hand length. The actual 95th
percentile arm length will be somewhat
less. The 95th percentile individual is not
composed of 95th percentile segments.
The same is true for any percentile in-

dividual.

(Refer to Reference 16, page VIII-5, for a
more complete discussion of segment
combinations).

e. Percentiles within a category of data are
exclusive. For example, a person who is
5th percentile body size does not neces-
sarily have 5th percentile reach or joint
movement.

3.2.2 Application of
Anthropometric Data Design
Considerations

(A}

Equipment, whether it be a workstation or
clothing, must fit the user population. The
user population will vary in size, and the
equipment design must account for this range
of sizes. There are three ways in which a
design will fit the user:

a. Single Size For All - A single size may
accommodate all members of the popula-
tion. A workstation which has a switch
located within the reach limit of the smal-
lest person, for instance, will allow
everyone to reach the switch,

b. Adjustment - The design can incor-
porate an adjustment capability. The
most common example of this is the
automobile seat.,

c. Several Sizes - Several sizes of equip-
ment may be required to accommodate
the full population size-range. This is
usually necessary for equipment or per-
sonal gear that must closely conform to the
body such as clothing and space suits.

All three situations require the designer to
use anthropometric data.

3.2.3 Variability In Human Body

Size Design Considerations
{A]

3.2.3.1 Microgravity Effects
Design Considerations
e}

The effects of weightlessness on human
body size are summarized below and are dis-
cussed in greater detail in Figures 3.2.3.1-1
and 3.2.3.1-2. The primary anthropometry
effects of microgravity are as follows:

a. Height Increase - Stature increases ap-
proximately 3%. This is the result of
spinal decompression and lengthening.

b. Neutral Body Posture - The relaxed body
immediately assumes a characteristic
neutral body posture.

{Refer to Paragraph 3.3.4, Neutral Body
Posture, for detailed information).




Downloaded from ht

tp://www.everyspec.com

NASA-STD-3000/VOL.YREV.B

Parameter Anthrapemetric change
Long-term mission {more than 14 days)
Short-lerm misslon {110 14 days) Pra vs, during mission Pra vs. post-mission
Siight increass during first wask Increases during first 2 weeks Retumns 1o normal on R+O
{~1.3cmorQ.5in). then stabilizes al approximately
Height Haight returns to normal 3% of pra-mission basaiine.
*R+Q Increases causad by spine
Increases caused by spine lengthening
lengthening

Circumferances Circumtarenca changes in chest, wai
Changes dus primarily to fluid shifts,

st, and limbs. See Figure 3.2.3,1-2, for chest and waist changes,

Postilight weight losses average
3.4%,; about 2/3 of the loss is due
1o water loss, the remainder due
Mass 1o joss of lean body mags and fat,
Center of mass shifts headward
approximataly 3-4 cm (1-2 in.)
See Paragraph 3.3.7.3.2.1

for details -

Inflight waight losses average Rapid weight gain during
3-4% during first 5 days, first § days postilight,
theraafter, weight gradually mainly due to

declines for the remainder of the replanishment of fiuids,
mission. Early inflight losses Slower waight gain

are probably duae to loss of fluids; from R+5 to R+2 or

later losses are matabalic, 3weeks

Center of mass shifts headward
Approximately 3-4 cm (1-2in)

Inflight leg volume decreases

Early inflight period same as shont Rapld increase in leg

exponentially during first misgion missions. Leg volume may volume immediately

day; thereafter, rate of decrease cohtinue to decrease slightly postilight, followed by

declines until reaching a plateau throughcut mission. Arm volume slower return to pre-
Limb volume within 3-5 days. Postilight decraases slightly. mission baselina.

decrements in leg volume up to

3%; rapid increase immediately

postilight, followed by slower

return to pre-mission basaline.

Immediate assumption of neutral Immediate assumption of neutral Rapid returnto pre-
Posture body posture (see Paragraph body posture {ses Paragraph mission postura,

3.34) 3.3.4)

Reference: 16, Chapter 1
208, pages 132-133

* Recevery day plus post mission days

Figure 3.2.3.1-1. Anthropometric Changes in Weightlessness

¢. Body Circumference Changes - Body
circumference changes occur in
microgravity such as shown in Figure
3.2.3.1-2. These changes are due to fluid
shifts toward the head.

d. Mass Loss - The total mass of the body
decreases by 3% to 4%. This is due
primarily to loss of body fluids and, some-
what, to atrophy and loss of the mass of
muscles that were used in 1-G (muscle
mass loss is dependent on exercise
regimes).

3-7
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Raference: 16, Figure 19 and 20, page |-28 and 29
8
Figure 3,2.3.1-2. Micro-Gravity Changes in Height, Waist, and Chest by
Measured on Skylab Crewmen: One-G Measurements g

as a Baseline

3.2.3.2 Inter-Individual Variation a. Sex Variations - Female measurements

l{?:;sign Considerations average about 92% of comparable male meas-
The two major factors of inter-individual urements (within race). Average female
variations are sex and race. The following weight is about 75% of male weight.
general rules apply to the anthropometric
variations due to sex and race: o

3-8
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b. Racial Variations - Blacks and Whites
are very similar in terms of height and
weight measurements, The average torso
measurement of Whites is longer than
Blacks and limbs are shorter. Asians are
generally shorter and lighter than Whites
and Blacks. Most of this stature difference
is in leg length. Asian facial dimensions
may be larger in proportion to height.

Because of these variations, the extremes
of the world population size range is rep-
resented in this document by the large
(95th percentile) White or Black American
male and the small (5th percentile) Asian
Japanese female.

3.2.3.3 Secular Changes Design
Considerations
(A}

For typical long-term space module design
studies, it is appropriate to estimate the body
dimensions of a future population of crew,
passengers, and even the ground crew. Past
experience has demonstrated that there is a
historical change in average height, arm
length, weight, and many other dimensions.
This type of human variation, occurring from
generation to generation over time, is usually
referred to as secular change. Whether the
effect results from better nutrition, improved
health care, or some biological selection
process has not been determined.

The validity of the design requirements for
the actual operational years of the space
module depends on the accuracy of the secular
trend estimation, the basic assumptions con-
cerning the baseline crew population, and the
operational life of the system.

For this standard, an operational year of
2000 and a crewmember age of 40 years has
been selected. The secular growth rates of
stature used to predict the year 2000 popula-
tion are shown in Figure 3.2.3.3-1. These
seculay growth trends must be validated peri-
odically.

3.3 ANTHROPOMETRIC AND
BIOMECHANICS RELATED DESIGN
DATA

{A}

3.3.1 Body Size
{A}

3.3.1.1 Introduction
{A}

This section provides specific body distan-
ces, dimensions, contours, and techniques for
use in developing design requirements. There
is no attempt to include all potentially useful
anthropometric data in this document because
much of these data are already available in
convenient published form such as Reference
16. Rather, one description set of the size
range for the projected crewmember popula-
tion is presented.

The dimensions apply to nude or lightly
clothed persons.

(Refer to Paragraph 14.3, EVA
Anthropometry, for dimensions for crewmem-
bers wearing space suits).

Stature secular growth rate
{per decade)

American male 1.0em (0.4 in)

Japanese female 2.6¢cm (1.0in)

References:

186, page |ll-85
308, Table 2

Figure 3.2.3.3-1. Assumed Secular Growth Rate

3-9
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3.3.1.2 Body Size Design
Considerations
{A)

The following are considerations that
should be made in applying the body size data:

a. Effects of Clothing - In a controlled IVA
environment there is little need for heavy,
thick clothing. For most practical pur-
poses, therefore, there is no need to con-
sider the effect of IVA clothing on body
size. When an individual must wear an
EVA pressure garment Or a space suit,
body dimensions will be affected drastical-
ly. In this case, dimensional studies must
be made for the user population wearing
the garment. These data must then be
substituted for unclothed or lightly
clothed dimensions.

b. Microgravity - the dimensions in Para-
graph 3.3.1.3 apply to 1-G conditions
only. Notations are made on appropriate
dimensions that provide guidelines for es-
timating microgravity dimensions.

(Refer to Paragraph 3.2.3.1, Microgravity
Effects Design Considerations, for more
detailed discussion of microgravity effects).

3.3.1.3 Body Size Data Design
Requirements
{A}

Dimensions of the year 2000, 40 year-old
White or Black American male and the 40
year-old Asian Japanese female are given in
Figure 3.3.1.3-1. The data in this Figure shall
be used as approptiate to achieve effective
integrations of the crew and space systems.
The dimensions apply to 1-G conditions only.

Dimensional data estimates for the year
2000 White or Black American female crew-
member cannot be specified at this time due
to insufficient data.

(Refer to Reference 16, Chapter III, Ap-
pendix B, for dimensional data for the 1985
American female).

3-10

3.3.2 Joint Motion
{A)

This section provides information for
developing design requirements related to
biomechanics, particularly skeletal joint an-
gular motion capabilities and limitations.
Joint motion data can be used to determine
possible positions for the various parts of
body.

(Refer to Paragraph 3.3.3, Reach, for func-
tional reach data).

38.3.2.1 Introduction
{A}

3.3.2.2 Joint Motion Design

Considerations
{A)

8.3.2.2.1 Application of Data
Design Considerations
(A}

Joint motion capability varies throughout
the population. The values given are for the
5th and 95th percentile of the range. The data
should be applied in the following manner:

a. 5th Percentile - Use the 5th percentile
limit when personnel must position their
body to operate or maintain equipment.

b. 95th Percentile - Use the 95th percentile
limit when designing to accommodate a
full range of unrestricted movement.

Unless the equipment in the workspace is
sex-specific (i.e, used by only males or by only
females), then the designer should consider
the upper and lower limits for the combined
male and female population. In general, the
female population has a slightly broader range
of joint movement.
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Femala Tm_‘_.__._..
‘II. 754 a9
169
\ 916
309
To73
5
Microgravity notes | No. Dimension Sth percentile 50th percentita 95th percantile
O] 805 Stature 148.9 {58.6) 157.0 (61.8) 165.1 (65.0)
@ 973 Wirist halght 70.8 (27.9) 76.8 (302} 824 {32.4)
64 Ankie haight 82 (2.0 61 (2.4 70 (28
@ 309 Elbow height 928 (38.5) 8.4 (38.8) 104.1 (41.0)
159 Bust depth 174 {6.8) 205 0.0 236 (3.3)
O] e Vertical trunk ¢ircumferance | 136.8 (53.9) 1460 (575) 155.2 (51.1)
® @ 612 Midshoulder height, sitting
459 Hip braadth, aitting 304 (12.0) 33.7 (13.9) 37.0 (146}
©)] 821 Waist back 35.2 (13.9) 38.1 (15.0) 410 (18.1)
508 Interscye 324 (12.8) 35.7 (14.1) 39,0 {15.4)
639 Neck circumierence 34.5 (13.6) 37.1 {14.6) 233.7 (15.8)
754 Shoulder Jength 113 4.4 131 (5.1} 148 (5.8) i!,z
Values it em with inchaes in paranthesas %‘6

-
Notes:

al Gravity conditions ~ the dimensions apply to a 1-G condition only.
Dimension expected to change significatly due te micregravity are
marked.

b) Measurement data - the numbers adjacent te each of the dimension are
reference codes., The same codes are in Volume II of Reference 16.
Reference 16, Volume II,provides additional data for these
measurements plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

(D Stature increases approximately 3% over the first 3 to 4 days in
weightlessness (see Figure 3.2.3,1-2). Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height (buttock-vertex), shoulder height
-sitting, eye height, sitting, and all dimensions that include the
spine.

@ sSitting height would be better named as buttock-vertex in microgravity
conditions, unless the crewnember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" support
surface. All sitting dimensions (vertex, eye, shoulder, and elbow)
increase in weightlessness by two changes:

al Relief of pressure on the buttock surfaces (estimated increase of &
1.3 to 2.0 cm (0.5 to 0.8 inches). &
]
») Extension of the spinal column as explained in note (D above (3% @
of stature on ground), 3
Reference: 274, page 121-128
308
351
figure 3.3.1.3-1 Body Size of the 40-Year-Old American Male and 40-Year-Oid Japanese Femals
for Year 2000 in One Gravity Conditions (Continued]
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40-Year-0ld Amoerican Male

Taos
! 754
238 506
308 918
973
¥l
T
Microgravity nctes No. Dimansion Sth percentile 50th parcantils | 95th percentile
@ 805 Stature 1627 (66.8) | 1789 (F0.8) | 1904 (74.8)
® 473 Wrist height
. 84 Ankle height 120 4.7 130 (5.5) 1658 (8.2)
® 309 Elbow haight
238 Bust depth 218 (8.8) 250 (9.8) 20.2 (11.1)
@ 918 Vartical runk circumtersnce 158.7 (625) | 1707 (67.2) | 1828 (71.9)
Q@ Q@ §12 Midshaulder height, skting $0.8 (239) | €54 (5.7 70.0 (275)
450 Hip braadth, siting 4.6 [126) 884 (15.1) | 423 (168)
O] 921 Waist back 487 (172} 478 (18.8) | 518 [209)
506 intarscys 329 H3.0) 382 (15.4) 454 (17.8)
839 Neck circumfersnce 355 (14.0) 387 (152) | 418 pem
754 Shaulder length 148 (5.9 189 (6.7 190 7.5 g
378 | Foreatmloraatm breadth @8 (192) | 561 (217) | 815 (242) :f
Values in cm with inches in parenthesas g:
Notes:

a) Gravity conditions - the dimensions apply te a 1-G condition cnly.

Dimension expected to change significatly due to microgravity are
marked.

b) Measurement data - the numbers adjacent to each of the dimension are
reference codes. The same codes are in Volume II of Reference 16.
Reference 16, Volume II,provides additional data for these
measurements piug an explanation of the measurement technigue.

Notes for application of dimensions to microgravity conditicns:

{D S8tature increases approximately 3% over the first 3 to 4 days in
weightlessness (see Figure 3,2,3.1-2). Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height (buttock-vertex), shoulder height
-sitting, eye height, sitting, and all dimensions that include the
spine.

@ Ssitting height would be better named as buttock-vertex in micregravity
conditions,; unless the crewmember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" support
surface. All sitting dimensions (vertex, eye, shoulder, and elbow)
increase in weightlessness by two changes:

al Relief of pressure on the buttock surfaces (estimated increase of 5
1.3 to 2.0 cm (0.5 to 0.8 inches). &
@
b) Extension of the spinal column as explained in note @ above (3% o
of stature on ground). x
Rafaerancae: 274, page 121-128
a08
351
Figure 3.31.3-1 Body Size of the 40-Year-Old Amsrican Male and 40-Year-Old Japanese Female O
for Year 2000 in One Gravity Condltions (Continued]
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Famals
470
Microgtavity nalas_ No. Dimension Sthpercenile | Both parcentlis | 95th percentiie
@ @ 758 Sitting h 780 00.8) § 848 (334) |92 (359)
_@ O] 330 Eye hoight, sitting 681 (268) | 738 @9 708 (31.4)
@ 520 Kneo helght, sitting #B (164) 458 (17.0) 405 (195)
878 Pogiitsal helght 347 (13.8) 83 [15.1) A3 1185
751 Shoukier-albow length 272 (0. 298 (11.7) 32.4 (12.8)
154 Buttock-knes langth 480 192 | 533 2oy |sve @2
420 Hand fength 158 (8.2) 172 (8.8) 187 (7.9
411 Hand breadth 89 @7 78 @31 66 (3.4 §n
416 Hand circumtersnce 185 {B5) 179 (70) 193 78 g
Values ko cm with inches in pawentheess ;’;
Notes:

a) Gravity conditions - the dimensions apply to a 1-G condition only.

Dimension expected to change significatly due to microgravity are
marked.

b) Measurement data - the numbers adjacent to each of the dimension are
reference codes. The same codes are in Volume II of Reference 16.
Reference 16, Volume II,provides additional data for these
measurements plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

@ stature increases approrimately 3% aover the first 3 to 4 days in
weightlessness (see Figure 3.2.3.1-2), Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height (buttock-vertex), shoulder height-
sitting, eye height, sitting, and all dimensions thar include the spine.

@ sSitting height would be better named as buttock-vertex in microgravity
conditions, unless the crewmember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" suppoert
surface. All sitting dimensions (vertex, eye, shoulder, and elbow)
increase in weightlessness by two changes:

a) Relief of pressure on the buttock surfaces {estimated increase of
1,3 to 2.0 ¢cm (0.5 to 0.8 inches).

by Extension of the spinal column as explained in note @ above (3%
of stature on ground).

@ Knee height-sitting may increase slightly in wmicrogravity due to relief
of the pressure on the heel which it occurs when it measured on the
ground. The increase is probably not more than 2 to 3 mm (0.1 inchj .

Reference: 274, page 121-128B
308
351

figure 3.3.1.3-1 Body Size of the 40-Year-Old American Male and 40-Year-Old Japanese
female for Year 2000 in One Bravity Conditions (Continued)
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Mals

420

Microgravity notes | No. Dimansion Sthparcantila | 5Cth parcentlle | 95th parcantile
@ @ 758 Siting height 880 (s50) | o4z 7y |ems (30
@ @ 330 Eye haight, sitting 760 (303) | 819 (322}  |885 (342
@ 520 Knee height, siting ' 528 (207) | 587 (223 609 (24.0)
578 Popiteal height 406 1160) | 444 075|484 (0
751 Stouldor-efbow length 387 (133) | 66 (14.4)  [39.4 (155)
194 Buttock-knee length 568 (224) | 613 (241) |65.8 (25.9)
420 Hand langth 17,9 (7.0) 183 (7.8) 206 {B1)
41 Hand breadth 82 2 89 (35 0s (38

418 Hand circumierence 203 {8.0) 218 (8.8) 24 92

MSIS 288
4 of 13

Values in em with Inches in parenthases

Notes:

a) Gravity conditions - the dimensions apply to a 1-G condition only.
Dimension expected to change significatly due to microgravity are
marked,

b} Measurement data - the numbers adjacent to each of the dimensicn are
reference codes., The same codes are in Volume II of Reference 16.
Reference 16, Volume II,provides additicnal data for these
measurements plus an explanation ¢f the measurement technicgue.

Notes for application of dimensions to microgravity conditions:

@ stature increases approximately 3% over the first 3 to 4 days in
weightlessness (see Figure 3,2.3.1-2)., Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height ({(buttock-vertex), shoulder height-
sitting, eye height, sitting, and all dimensions that include the spine.

@ Sitting height would be better named as buttock-vertex in microgravity
conditions, unless the crewmember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" suppoxt
surface. All sitting dimensions {vertex, eye, shoulder, and elbow)
increase in weightlessness by two changes:

a} Relief of pressure on the buttock surfaces (estimated increase of
1.3 to 2.0 cm (0.5 to 0.8 inches},

b) Extensicn of the spinal column as explained in note @ above (3%
of stature on ground),

@ Knee neight-sitting may increase slightly in microgravity due to relief
of the pressure on the heel which it occurs when it measured on the
ground. The increase is prokably not more than 2 to 3 mm (0.1 inch).

MSIS 2680

Raeferenca: 4, page 121-128

27

308

351

fFigure 3.3.1.3-1 Body Size of the 40-Year-Old American Male and 40-Year-Old Japansse .
fomale for Year 2000 In One Gravily Conditlons (Continusd}
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T as
312
T
215 a0

Microgravity notes | No. Dimecsion Sthpercentiie | 50th percertie | 85th percentile
940 Walat height 801 (355) | 967 (38.1) [ 1034 (407)
249 Crotch height 8.2 257 | 708 (27.8) 781 (30.0)
215 Calf height BE (100 | 289 (114) 223 (127
103 Biacromiw breadth 324 (128) | 3T (4. 39.0 (15.4)
O] 948 Waist front
735 Scye clroumiscence 33 (127 | 381 (142 30.8 (15.7)
178 Buttock circumlerence %9 (115 a7 (34.3) 4.3 (371)
[Oe) 312 Eloow rest haight 207 82 | 250 09 203 (115)
856 Thigh clearance 12 w4 | 128 61y 145 G0
381 Forearm-hand jength 373 (147 #H.7 (18.4) 4B (17.8)
200 Buttock-popikesl length 79 149 | 47 geg 455 (17.9)
Values Incm with Inchee in parsnitheses

Famale

A

MSIS 288
& of I3
Rev,

Notes:

a} Gravity conditions - the dimensions apply to a 1-G condition only.
Dimension expected to change significatly due to microgravity are
marked.

b) Measurement data - the numbers adjacent to each of the dimension are
reference codes. The same codes are in Volume II of Reference 16.
Reference 16, Volume II,provides additional data for these
measurements plus an explanration of the measurement technigue.

Notes for application of dimensions to microgravity conditions:

@ Stature increases approximately 3% over the first 3 to 4 days in
welghtlessness {see Figure 3.2,3.1-2}. BAlmost all of this change appear
in the spinal column, and thus affects (increases). other related
dimensions, such as sitting height (buttock-vertex), shoulder height
~sitting, eye height, sitting, and all dimensions that include the
spine.

@ sitting height would be better named as buttock-vertex in microgravity
conditions, unless the crewmember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" support
surface, All sitting dimensions ({vertex, eye, shoulder, and elbow)
increase in weightlessness by two changes:

a) Relief of pressure on the buttock surfaces (estimated increase of
1.3 to 2.0 cm (0.5 to 0.8 inches).

MEIS 268n

bl Extension of the spinal column as explained in note @& above (3%
of stature on ground) .

Referenca: 274, paga 121-128
308
as1

Figure 3.3.1.3-1 Body Size of the 40-Year-Uld American Male and 40-Year-Old Japanese female
for Year 2000 in One Gravity Conditions (Continued)
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Male.

178

2156 -

Microgravity notss | Mo, Dimmsasion Sihpsrcentile | 50th porcentile | 95th percentite
849 Waist height 1004 (395 | 1083 26 | 1162 @57
249 Crotch height 704 (31.3) | 864 @40} | 936N
218 Calf height 325 (12.8) | 382 (143) | 400 (157)
103 Biacromial breadth 97.9 (149) | 411 (182 | 443 (175
) 948 Woaist tront 372 (148) | 409 (161) | 448 (17.5)
735 Scye circumferance 444 (175 | 490 (193 | 538 211
178 Buttock eitcumisrence 910 (359 | 1002 (9.4 | 1094 (439
@ e 2 Elbow test haight 24 83 | a4 (o0 { 287 (17
856 Thigh ciearance s G0N 168 66 | 191 {75

381 Forearm-hand length

200 Butioci-poplitaal length 46.9 (18.5) 512 (202) | 555 (1.9

of 13
A

MSIS 258

&

Valuas in cm with inches in parentheses

Notes:

a) Gravity conditions - the dimensions apply to a 1~G condition only.
Dimension expected to change significatly due to microgravity are
marked.

b} Measurement data - the numbers adjacent to each of the dimension are
reference codes. The same codes are in Volume 11 of Reference 16.
Reference 16, Volume II,provides additional data for these
measurements plus an explanation of the measurement technique,

Notes for application of dimensions to microgravity conditions:

(D Stature increases approximately 3% over the first 3 to 4 days in
weightlessness (see Figure 3,2,3.,1-2). Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height (buttock-vertex), shoulder height
~sitting, eve height, sitting, and all dimensions that include the
spine.

@ sitting height would be better named as buttock-vertex in microgravity
conditions, unless the crewmember were measured with a firm pressure on
shoulders pressing him or her against a fixed, flat "sitting" support
surface. All sitting dimensions (vertex, eye, shoulder, and elbow}
increase in weightlessness by two c¢hanges:

al Relief of pressure on the buttock surfaces (estimated increase of
1.3 toe 2,0 em (0.5 to 0.8 inches).

MEBIS zZ68n

b) Extension of the spinal column as explained in note (@ above (3%
of stature on ground}.

Refarance: 274, page 121-128
308
351

Figure 3.313-1 Body Size of the 40-Year-Uld American Male and 40-Yoar-Old Japanese Female
for Year 2000 In One Gravity Gonditions {Continued)
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Female
1 427 ]

Microgra‘vity notes Ne. Dimension 5th parcantile 5Cth parcentile | 95th parcentile

[©) (_B 23 Acromial {shoulder) height 1196 (47.1) | 1274 soo) | 1345 (530
BS54 Trochanteric haight 7.0 (28.0) 76.7 (30.2} 824 (325)
873 Tictals height 35.9 {14.1) 39.3 (15.5) 427 (16.8)
12 Bidehoid {shoulder) breadth 356 (14.0) 38.9 {153) 421 (18.8)
223 Chast breadth 245 (9.0 28.8 (10.5) 29.0 (11.4)
457 Hip brearth 305 (12.0) 3ze (12.9) 35.3 (13.9)
165 Blzygomatic (face} breadth 133 (5.2) 145 (6.7) 157 (8.2)
427 Head breadth 144 (5.7) 156 (6.1} 168 (8.6)

Values in cm with inches in parantheses

Notes:

&) Gravity cenditions - the dimensions apply to a 1-G condition only.

Dimension expected to change significatly due to microgravity are
marked.

b} Measurement data - the numbers adjacent to each of the dimension are

reference codes,

Reference 16, Volume II, provides additional data for these
measurements plus an explanation of the measurement technique.

Notes for application of dimensions to micregravity conditions:

@

The same codes are in Volume 11 of Reference 16.

Stature increases approximately 3% over the first 3 to 4 days in

Almost all of this change appear
in the spinal column, and thus affects {increases) other related
dimensions, such as sitting height (buttock-vertex), shoulder height-
sitting, eye height, sitting, and all dimensions that include the spine.

welghtlessness (see Figure 3.2.3.1-2).

Shoulder or acromial height, sitting or standing,

weightlessness due to two factors:

a) Removal of the gravitational pull on the arms

increases during

b) Extension of the spinal column as explained in note @) above (3% of
stature on ground).

Rafarenca: 274, page 121-128

Figure 3.3.1.3-1 Body Size of the 40-Year-0id American Male and 40-Year-0ld Japanese

308
351

Female for Year 2000 in One Gravity Conditions {Continued)
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Male
7
A Y ~
a4
873
Microgravity notas No. Dimension 5th parcantiie S0th percentlls | ©5th parcentile
® @ 2 Acromial (shoukler) height 1380 (54.3) | 1478 (58.1) | 1573 {61.9)
894 Trocharderic haight 883 (34.8) .8 376 | 1028 (405
873 Thlale hoight
122 Bidaltokd (shouldsr) breadth 446 (17.6) 489 {19.3) 5§32 {20.9)
223 Chest breadth 29.7 (M7 232 (13.9) W8T {14.4)
457 Hip breadth 22,7 {12.9) 358 (14.1) 39.0 {15.4}
165 Bizygematic (face) breadth 134 (53) 143 (5.6) 151 (8.0} "
L]
427 Head braadth 148 (6.8) 157 {8.2) 165 {65) :9<
Values Incm with inches in parentheses ;u:E
Notes:

a) Gravity conditicns - the dimensions apply to a 1-G condition only.
pimension expected to change signifiecatly due to microgravity are
marked.

b) Measurement data - the numbers adjacent to each of the dimension are
reference codes. The same codes are in Volume IT of Reference 16.
Reference 16, Volume II, provides additional data for these
measurements plus an explanation of the measurement technique.

Notes for application of dimensions to microgravity conditions:

@ Stature increases approximately 3% over the first 3 tc 4 days in
weightlessness (see Figure 3.2.3.,1-2), Almost all of this change appear
in the spinal column, and thus affects (increases) other related
dimensions, such as sitting height (butteck-vertex), shoulder height-
sitting, eye height, sitting, and all dimensions that include the spine.

D shoulder or acromial height, sitting or standing, increases during
weightlessness due to two factors:

a) Remcval of the gravitational pull on the arms

») Extension of the spinal column as explained in note I ahove (3% of
stature on ground}.

Reference: 274, page 121-128
308
381

Figure 3.31.3-1 Body Size of the 40-Year-Old American Male and 40-Year-0id Japaness
Female for Year 2000 in Ons Gravity Conditions (Continued]

MSIE 268p
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Famale
Microgravity notes No. Dimension 5th percentile 50th percentile | 95th parcentila
747 Shoulder circumference
230 Chest circumdarence 73.2 (28.8) 821 {32.9) 90.9 (35.8)
® 981 | Waist circumfarence 553 (21.8) | 632 (249) | 712 (28.0)
® 852 Thigh circumference 455 (17.9) 51.6 (20.3) 57.7 (22.7)
G 515 Knee circumfarence 310 {12.2) 346 (13.5) 38.2 (16.0)
@ 207 Calf circumterence 303 (11.9) 341 (13.4) 37.8 (14.9)
113 Biceps circumierencs, relaxed 21.8 (8.8) 265 (10.1) 29.3 (11.5)
967 Wrist circumference 13.7 (5.4) 150 (5.9) 162 (6.4)
"M Biceps circumferencs, flexed
369 Forearm circumterencs, relaxed 19.9 {7.8) 220 (B.7) 241 (9.5)

Values in cm with inches in paremheses

Notes:

a) Gravity conditions ~ the dimensions appliy to a 1-G condition only.
Dimension expected to change significatly due te microgravity are

marked.

b) Measurement data - the numbers adjacent to each of the dimension are

reference codes. The same codes are in Veolume II of Reference 16.
Reference 16, Volume IY, provides additional data for these
measurements plus an explanation of the measurement technigue.

Notes for application of dimensions to microgravity conditions:

(® Leg circumferences and diameters significantly decrease during the first

day in micreogravity. See Reference 16, Appendix C, for details and

mezsurements of actual persons.

(® Waist circumference will decrease in microgravity due to fluid shifts to

the upper torsc. See Figure 3.2.3.1-2 for measurements on actual

persons.

Referenca: 274, page 121-128
308
35

MSI5 288q

figure 3.3.1.3-1 Body Sizs of the 40-Year-Uld American Male and the 40-Year-Old Japaness
Female for Year 2000 In One Gravity Conditions (Gontinued)
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Male
Microgravity notes No. Cimension Sth percentlle 50th percentile | 95th pacentils
747 Shoulder circumference 100.5 (43.1) 119.2 (46.9) 1288 (50.7)
230 Chast dreumforence 89.4 (35.2) 100.0 (39.4) 110.6 (43.8)
@® 821 Walst circunerence 774 @0.3) | 805 @352 | 1019 (40.1)
® 852 Thigh circumerence 525 (207) | 600 (23.6) | 67.4 (28.5)
@ 515 Knee clrcumference 35.9 (14.1) 39.4 (18.5) 429 {16.9)
® 207 Cafl clrcumteranca 33.9 {13.3) 378 (14.8) 41.4 (163)
113 Bicaps circumierance, relaxed 273 (10.9) 31.2 (12.3) 35,1 (13.8) o
as7 Wrist circumterence 16.2 (8.4) 1.7 (7.0) 193 (7.6)
11 Bicaps clrcumfersnce, flexed 29.4 {11.6) 332 (13.9) 38.9 {145) ®
o
360 Forearm circumference, relaxed 274 (108) | 301 (1.8 | 327 (129) ::
we
Values in cm with inchea in parantheses g °
Notes:
a) Gravity conditions -~ the dimensions apply to a 1-G condition only.
Dimension expected to change significatly due to microgravity are
marked.
b) Measurement data - the numbers adjacent to each of the dimension are
reference codes, The same codes are in Volume II of Reference 16,
Reference 16, Volume II, provides additional data for these
measurements plus an explanation of the measurement technique.
Notes for application of dimensions to microgravity conditions:
& Leg circumferences and diameters significantly decrease during the first
day in migrogravity. See Reference 16, Appendix C, for details and
measurements of actual persons.
(® Waist circumference will decrease in microgravity due to fluid shifts to 4
the upper torso., See Figure 3.2.3.1-2 for measurements on actual ]
persons. »
@
Referancae: 274, page 121-128 3
308
351
Figure 3.3.1.3-1 Body Size of the 40-Year-Gld American Male and the 40-Year-0ld Japanese
Female for Year 2000 in One Gravity Conditions (Continued} 0
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Fomale
362
{

Microgravity notes No, Dimension 5th parcentile 50th percantile [ 95th percentile
67 Thumb-tip reach B5.2 (25.7) 71.6 (28.8) 78.0 (30.7)
772 Slasve length
441 Head length 16.7 (6.6) 182 (1.2) 198 (7.7
430 Head circumference £83.2 (20.9) 55.2 (21.7) 57.2 (22.5)
586 Manton-selilon (face) length 9.0 {35) 108 (4.2) 128 (5.0)
362 Foot length 213 (8.4) 229 (9.0) 244 (9.6)
456 Foot breadth 86 (3.4) 93 (3.7) 100 (3.9)
97 Ball of foot cireumierence 21,0 (8.3) 22.7 (8.9) 243 (9.8)

Values in ¢m with inches in parentheses

Refarence: 23‘648, page 121-128 Kith Updatses

Notes:

351

a. Gravity conditions -—the dimensions apply to a 1-G condition only. Dimansion expected to change significantly dua
1o microgravity are marked.

b. Measuremant data -— the numbars adjacent to each of the dimensions are reference codes. The sama codes are in
Volume Il of Reference 16. Refersnce 16, Volume i, provides additional data for these measurements plus an
explanation of the measurement tachnigua.

Fgure 33LF-1 Body of the 40-Year-Ofd Amsrican Male and 40-Fear Ol
Japanese female for Year J000 m One Gravity Conditions (Continved?
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Male
358
7
b X
97
{ 362
l 772
|
L 1
67
. vl
||
Microgravity notes No. Dimension &th percentile 50th percentile } 35th percantile
87 Thumb-tip reach 749 (29.5) 81.8 (32.1) 88.2 (34.7)
772 Sleeve length 86.2 (33.9) 92,0 (36.2) 97.9 (38.5)
441 Head length 188 (74) 200 (7.9 211 (83
430 Head circumference 565 (21.8) 57.8 (22.8) 60.2 {23.7)
586 Menton-sellion {face) length 111 (4.4) 12.1 (4.8} 13.1 (5.3)
362 Foot langth 25.4 (10.0) 27.3 (10.8) 293 (11.5)
358 Foot breadth 9.0 {(3.6) 9.9 (3.9) 10.7 {4.2)
97 Bafl of foot circumfersnce 231 (9.1) 25.1 (9.9) 27.2 (10.7)
Values in em with inches in parentheses

Referenca: 274, page 121-128
308 pa

351
Notos:
a. Gravity conditions — the dimensions apply to a 1-G condition only, Dimension expected 1o changa significantly dus 2 o
to microgravity are marked, g -
b. Measurement data — the numbers adjacent to each of the dimensians are reference codes, The same codes are in #8
Volume ! of Reference 16. Refarence 16, Volume li, provides additional data for these measurements plus an =N

explanation of tha measuremant technique.

Figure 3.3.1.3-1 Body Size of the 40-Year-Old American Male and 40-Year-Old
Japanese female for Year 2000 in Une Gravity Conditions (Continued]
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3.3.2.2.2 Multi-Joint Versus

Single Joint Data Design
Consideration
{A}

More often than not, human motion invol-
ves interaction of two or more joints and
muscles. The movement range of a single
joint is often drastically reduced by the move-
ment of an adjacent joint. In other words,
joint movement ranges are not always addi-
tive. For example, an engineering layout may
show (using a scaled manikin) that a foot
control is reachable with a hip flexion of 50
degrees and the knee extended (0 degrees
flexion). Both of these ranges are within the
individual joint ranges as shown in Figure
3.3.2.3.1-1. However, Figure 3.3.2.3.2.-1
shows the hip flexion is reduced by over 30
degrees when the knee is extended. The con-
trol would, therefore, not be reachable.

3.3.2.2.3 Gravity Environment
Design Considerations
{A}

The joint motion studies were preformed
in a 1-G environment. There are no data for
the microgravity environment. Indications
are that joint motion capability will not be
drastically affected in microgravity. Given
this, the data in this section can be applied to
a microgravity environment.

3.3.2.3 Joint Motion Data Design

Requirements
{A)

3.3.2.3.1 Joint Motion Data For Single
Joint Design Requirements
{A}

Figure 3.3.2.3.1-1 shows single joint move-
ment ranges for both males and females. These
data apply to both I-G and microgravity environ-
ments. These data shall be used as appropriate to
ensure the design accommodates the required
body movements for the crewmembers,

3-23

3.3.2.3.2 Joint Motion Data For Two
Joint Design Requirements
(A}

Data to determine the range of movement for
two joints are given in Figure 3.3.2.3.2-1. Figure
3.3.2.3.2-1 defines the changes in range of motion
of a given joint when supplemented by the move-
ment of an adjacent joint. These data apply to both
1-G and microgravity environments. These data
shall be used as appropriate to ensure the design
accommodates the required body movements of
the crewmembers.

3.3.3 Reach
{A}

3.3.3.1 Introduction
{A}

The following secton discusses human
body reach limits in terms of functional reach
and in terms of body strike envelope. Body
strike envelope defines the volume that the
extremities {legs, head, arms) of a seated and
restrained crewmember will strike when sub-
jected to high accelerations such as during
launch and entry

The information in this section is limited
to IVA conditions where the crewmember is
wearing non-restrictive clothing.

(Refer to Paragraph 14.3, EVA
Anthropometry, for EVA functional reach en-
velopes).
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Ranga of motion (degrees)
Joint movement Malas (note a} Females {nots a)
Figura (nteb) Sthpercentile | 95th percentile 5th percentile 95th percentile

Neck, rotation right 73.3 99.6 74.9 108.8

@ Neck, rotation lefi 743 89.1 722 109.0
Neck, flexion 345 71.0 46.0 84.4

@ Neck, extension 85.4 103.0 64.9 103.0
Nack, lateral right 34.9 63.5 370 63.2

@ Neck, lateral left 35.5 63.5 29.1 77.2

B _@_ ] Shaoulder, abduction 173.2 188.7 172.6 192.9
Shoulder, rotation lat 46,3 06.7 538 85.8

| __@_2 .| Shoulder, rotation med 80.5 126.8 95.8 1309
Shoulder, flexion 164.4 2109 162.0 2170

Shoulder, axtension 396 833 a3z 87.9

®
@ Elbow, fiexion 140.5 159.0 1449 165.9
®

Forearm, pronation 782 116.1 823 118.9

Forearm, supination B3.4 i25.8 80.4 1395

Wist, radial 16.9 36.7 16.1 36.1

] Wrist, ulnar 186 47.8 21.5 43.0
A Wrist, flexion 61.5 94,8 8.3 98.1
Wrist, extension 40.1 78,0 42.3 74.7

@ Hip, Hiexion 1165 1480 1185 145.0
@ | Hip.abduction 26.8 525 272 5.9
® Knee, fiexion 118.4 145.6 125.2 145.2
Ankle, plantar 38.1 79.8 442 9.

Ankle, dorsi 8.1 19.9 6.9 17.4

Referance: 3165. Figure3 7110713
1"

[~

3
Notes: a Datawas taken 1979 and 1980 at NASA~ISC by Dr. William Thomten and John Jackson. The study was made B O
using 192 males {mean age 33) 22 females {mean age 30) astronaut candidates {see Reference 365) g G
b. Limb rangeis average of right and left imb movement. -

Figura 3.3.2.3.1-1. Joint Movement Ranges for Males and Females
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Neck Rotatian, Neck Extension (Al, Neck Lateral Bend,
Right C(A), Left (R] Flexton [B) Right (A}, Left (B}

Horizontal Adduction [A], Shoulder Rotation,
Horizontal Abduction (B) Lateral (A), Medial (B]

Shouider Flexion [A), \‘i\‘v
Extension [BJ Elbow Flaxion [A),
Extenslon (B]
Reterence: 365, Figures 7111 713 With Updates

Notes:

111

Data was taken 1979 and 1980 at NASA-JSC by Dr. William Thornton and John Jackson. The study was made using
192 males (mean age 33) 22 fermales (mean age 30) astronaut candidates (see Reference 365)

Figure 3.3.2.3.1-1. Joint Movement Ranges for Males and Females (Continued)
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1 [
Foraarm Supination (A), Wrist Ulnar Bend (A), Wrist Flaxion (Al,

Pronation (B} Radia) Bend (B) Extension (B}

Hip Flexion Hip Adduction (A},
Abduction (B)

Ankle Plantar Extension (A},
Knee Flexion, Prone Dorsi Flexion {B}

Referance: 368, Figures 71110713
11

Notes: Datawastaken 1679 and 1980 at NASA-SC by Dr. William Thornton and John Jackson. The sludy was made using
182 males {mean age 33) 22 femalas (mean aga 30) astronaut candidates (see Reference 365)

Figure 3.3.2.3.1-1. Joint Movement Ranges for Males and Females {Continued)
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Change in range of
Full range movement of A (degrees)
of A Movement of B (fraction of full range)
(degrees)

Two-joint movement Zero 1/3 172 2/3 Full
Shoulder extension {A} 59.3 deg +1.6 deg +0.9 deg +5.3 deg
with elbow flexion {B) {102.7%) {101.5%} (108.9%)
Shoulder flexion (A) 190.7 deg ~~24.9 deg -36.1deg | —~47.4 deg
with elbow flexion{B) {86.9%) {81.0%) (75.0%)
Elbow flexion {A} with 152.2 deg ~3.78 deg =1.22 deg
shoulder extension (A} {97.5%) {99.2%)
Elbow flexion (A) with 152.2 deg - 0.8 deg —0.8deg {~69.0deg
shoulder flexion (B) {99.6%) (99.5%} {54.7%)
Hip flexion {A) with 53.3deg |—35.6deg” |—24.0deg ~6.2deg |[—12.3deg
shoulder flexion {B} {33.2%) (65.0%) (88.4%) {76.9%)
Ankle plantar flexion{A} 48.0 deg —3.4 deg +0.2 deg +1.6 deg
with knee flexion({B} (92.9%} {100.4%) | {103.3%)
Ankle dorsiflexion [A) 26.1 deg = 7.3 deg -~ 2.7 deg - 3.2 deg
with knee flexion (8) {72.0%) {89.7%) (87.7%)
Knee flexion {A) with 127.0 deg -8.9 deg -4,7 deg
ankle ptantar flexion{B) (92.2%) (86.3%)
Knee flexion {A) with 127.0 deyg — 8.7 deg
ankle dorsiflexion (B) (83.0%)}
Knee flexion {A) with 127.0 deg ~19.8 deg ~33.6 deg
hip flexion{B) {84.6%) {73.5%)

*The knee joint is locked and the unsupported leg extends out in front of the subject.

Reference: 16, pages VI-12 to VI1-156

Note:

68¢-SISW

The following is an example of how the Figure is to be used, The first entry is read as follows: the shoulder can
be extended as far as 59.3 degrees (the mean of the subjects tested) with the elbow in a neutral position {locked
in hyperextension). When shoulder extension was measured with the elbow flexed to 1/3 of its full joint range,
the mean value of shoulder extension was found to increase by 1.6 degrees, or 102,7% of the base value. The
results for other movements ang adjacent joint positions are presented in a3 simitar manner.

Figure 3.3.2.3.2-1, Change in Range of Movement With Movement in Adjacent Joint
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3.3.3.2 Reach Design Considera-

tions
{A)

3.3.3.2.1 Gravity Condition
Design Considerations
{A}

All definitive studies of both static
anthropometry and functional reach have
been made on the Earth’s surface under con-
ditions of standard gravity. However,
microgravity and multigravity environments
will affect both static anthropometry and func-
tional reach measurements in the following
manimner:

a. Microgravity Effects - The spine will
lengthen under microgravity conditions.
This will increase the overhead reach
limits. "Downward" reaches are more dif-
ficult; there is no gravity assist. Similarly,
"upward" reaches will seem easier.

(Refer to Paragraph 3.2.3.1, Microgravity
Effects Design Considerations, for details
of spinal changes in microgravity).

b. Multi-G Effects - While microgravity
may be the constant environment for some
space modules, another module, such as
the Space Shuttle, may experience ac-
celerations up to 3-G during launch and up
to 1.5-G during a typical entry., Any con-
trols or workspace items that must be
reached and operated during these times
cannot be positioned on the basis of the
greater reach capabilities cin microgravity
or 1-G. The reach movement restrictions
in a muld-G environment are shown in
Figure 3.3.3.2.1-1. The designer must
keep in mind that any system basically
being designed for micro-g use, if it is to
be utilized in one-g or multi-g environ-
ments, must take into account the reduced
reach capability which the user will ex-
perience under these conditions.

Figure 3.3.3.2.1-1. Reach Movements Possible

3-28

¢. Short Duration, Multi-G Effects - Abrupt
high accelerations can cause the ex-
tremities of even a securely restrained
crewmember flail. In this case, the desig-
ner must consider the non-functional and
potentially injurious aspects of the reach
envelope.

3.3.3.2.2 Body Posture Design
Considerations
{A)

In muld-, 1-, or partial gravity environ-
ments, standing or seated postures are coin-
monly used for workspace operation. In the
seated posture, the reach envelope can be
severely restricted if the crewmember is
wearing a fixed shoulder harness that does not
reel out. Body postures which must be main-
tained for extended periods of time in 1- or
multi-g environments may result in ac-
celerated fatigue problems; e.g., bending over
for long periods.

The normal working posture of the body
in amicrogravity environment differs substan-
tially from that in a 1-G environment. The
seated posture is, for all practical purposes,
eliminated because the sitting posture is nota
natural one under these conditions. The
neutral body posture is the basic posture that

Possible
Acceleration reach motion
Up to 4-G Arm
Up 16 5-G {9-G Foerearm
if arm is counter
balanced)
Up to 8-G Hand
Up to 10-G Finger

Reference: 19, Section 206, page 1

in a Multi-G Environment

MSIS-290
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should be used in establishing a microgravity
workspace layout.

(Refer to Paragraph 3.3.4, Neutral Body-
Posture, for a definition of neutral body pos-
ture).

(Refer to Paragraph 9.2.4,
Human/Workstation Configuration, for infor-
mation on accommodating the neutral body
posture in the workstation).

3.3.3.2.3 Restraint Design
Considerations
{0}

While the absence of gravitational forces
will usually facilitate rather than restrict body
movement, this lack of gravity will leave crew-
members without any stabilization when they
exert a thrust or push. Thus, some sort of body
restraint system is necessary. Three basic
types of body restraint or stabilizing devices
have been tested either under neutral buoyan-
cy conditions on Earth and/or actual
microgravity condidons in space. These are
handhold, waist, and foot restraints. The fol-
lowing is a description of each type of restraint
and its effect on reach:

(Refer to Paragraph 11.7.2, Personnel
Restraints, for neutral body posture restraints
design information).

a. Handhold Restraint - With the handhold
restraint, the individual is stabilized by
holding onto a handgrip with one hand
and performing the reach or task with the
other. This restraint affords a faitly wide
range of functional reaches, but body con-
trol is difficult and body stability is poor.

b. Waist Restraint - A waist restraint (for
example, a clamp or belt around the waist)
affords good body control and stabiliza-
tion, but seriously limits the range of mo-
tion and reach distances attainable.

¢. Foot Restraint - The third basic system
restrains the individual by the feet. In
Skylab observations and neutral buoyancy

3-29

test, the foot restraints were judged to be
excellent in reach performance, stability,
and control. The foot restraint provides a
large reach envelope to the front, back,
and to the sides of the crewmember. Ap-
preciable forces can often not be exerted
due ro weak muscles of the ankle rotators,
Foot restraints should be augmented with
waist or other types of restraints where
appropriate,

3.3.3.2.4 Task Type Design
Considerations
{A}

The length of a functional arm reach is
clearly dependent on the kind of task or opera-
tion to be performed by that reach. For ex-
ample, tasks requiring only fingertip pressure
on a pushbutton could be located at or near
the outer limits of arm reach as defined by the
fingertip. This would be, essentially, absolute
maximum functional reach attainable., How-
ever, another task may require rotation of a
control knob between thumb and forefinger;
this would result in a reduction of the above
maximum attainable functional reach. Full
handgrasp of a control lever would reduce
maximum reach even more. Where two-
handed operation, greater precision, or con-
tinuous operation are required, the task must
be located still closer to the operator.

(Refer to Paragraph 9.3, Controls, for fur-
ther information on types of hand controls).

3.3.3.2.5 Clothing Design

Considerations

{A)
Clothing and personal equipment worn on
the body can influence functional reach
measurements. The effect is most com-
monly a decrease in reach, This decrease
can sometimes be considered if clothing or
equipment are especially bulky or cumber-
some. Most data on functional reaches
have been gathered under so-called light
indoor clothing), which do not appreciab-
ly affect the measurements.
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If space suits are required during any
phase of the space module operations, this
will necessitate a substantial reduction in
any design reach dimensions established
for shirtsleeve operations. The extent of
these differences would have to be deter-
mined from using the specific space suits
and gear to be employed in that mission.
The information in this section applies
only to light, nonrestrictive clothing.

(Refer to Paragraph 14.3, EVA
Anthropometry for information on EVA
functional reach dimensions).

3.3.3.2.6 Crewmember Size
Design Considerations
{A)

Crew stations should accommodate the
reach limits of the smallest crewmember.
Reach limits are not always defined by overall
size, however. For instance, the worst case
condition for a constrained (e.g., seated with
shoulder harness tight) is a combination of a
long shoulder height and a short arm. These
statistical variations in proportions are naturaf
and should be accounted for in reach limit
definitions. The reach limits in Figure
3.3.3.3.1-1 account for these variations.

3.3.3.3 Reach Data Design
Requirements

(A}

3.3.3.3.1 Functional Reach Design
Requirements

{A}

Egquipment and controls required to perform
a task shall be within the reach limit of the crew-
member performing the task. The reach limit en-
velope cannot be considered a working reach
envelope. Reach is effected by fatigue and force
exerted and there is amarked variation in strength
which can be exerted throughout this envelope.
Tasks which require strength and dexterity should
be located well within the perimeter of the reach
limit envelope. This is especially true of
repetitious tasks. For strength limitations, see
Section 4.9. The following are functional reach

3-30

limits for persons wearing non-restrictive cloth-
ing:

a. Torso Restrained Reach Boundaries -
Equipment and controls operated by crew-
members restrained at the torso, shall be
within the functional reach boundaries given
inFigure 3.3.3.3.1-1. These boundaries shall
be adjusted as appropriate to the task condi-
tions:

1. Backrest Angle - The boundaries in
Figure 3.3.3.3.1-1 apply when the
operator’s shoulders are against a flat
backrest inclined 13 degrees from verti-
cal. Adjustments shall be made for dif-
ferent backrest angles using the
approximations in Figure 3.3.3.3.1-2.

2. Task Type - The functional reach boun-
daries apply to tasks requiring thumb and
forefinger grasp only. Adjustment for
other grasp requirements shall bemade in
accordance with Figure 3.3.3.3.1-6.

b. Microgravity Handhold Restraint - Equip-
ment and controls operated in microgravity by
crewmembers using a handhold restraint,
shall be within the functional reach boun-
daries given in Figure 3.3.3.3.1-3. The func-
tional reach boundaries apply to tasks
requiring fingertip operation only. Adjust-
ment for other grasp operations shall be made
in accordance with Figure 3.3.3.3.1-6.

¢. Microgravity Foot Restraint - Equipment
and controls operated in microgravity by
crewmembers using a foot restraint, shall be
within the functional reach boundaries given
in Figures 3.3.3.3.1-4 and 3.333.1-5. The
functional reach boundaries apply to tasks
requiring fingertip operation only. Adjust-
ment for grasp operations shall be made in
accordance with Figure 3.3.3.3.1-0.
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Thumb and forefingar grasp boundaries tor varying
dimensions of A (A positive above SRP)
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Reference: 310, Pages 35to 52

Notes:

a. Gravity conditions - the boundaries apply to 1-G conditions only. Microgravity will cause the spine to langthen, and

o]
adjustments should be made based on a new shoulder pivot location. § >
b. Subjects - the subjects used lor this study are representative of the 1967 Alr Force population estimates defined in g :‘3
Referanca 16, Chapter ill

Figure 3.3.3.3.1-1. Grasp Reach Limits With Right Hand for American Male and Female Populations

3-31



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL./REV.B

Horizonta! Plane

15 cm 5 cm
Men Horizontal plane Women Horizontal plane
(deg) FWD {(deg)
0 15
i / 30
30 30 80{cm
© a0 / ® A @
45 ® 45
45 / 50
60
60, 4 / 6 40
\ 75 \ / ¥, 75
- 78
7 / 4 A
80 40 91 90 %0 = ﬁmq a0
/ : ; .
106~ ] ! w05~ NN
o/ N 105 / 106
12 40
120
135 \ h 120
160 \150 138 138 38
165 165 ‘
180 150 165 180 165 19°
AFT AT
Men 0 cm(SRP)  { Women 0 cm (SRP)
Horizontal plane EWD Horizontal plane
FWD {(deg) 0 (deg)
H 15
15 15\ / %0
30 qu
© a ® L ) 5 @
45 45 / \
h 60
60 \ » 60 f 40/
\\ \ \ / -
75 7B 4
g0 40 ] 90 1 20
/.——-‘/_RP&\‘--« .
105" ; 105 ‘05‘:,/ / I\ ’ 105
rd 4‘ A
120 6/ — 120 120 120
s 135
165 150 165 150 165 1g0 165 0
AFT AFT Pg.,,
@ =
v Q
=ov

3-32



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Horizontal Plane

Men +16 cm

+15 cm
Horizontal plane Women Horizontal plane
(deg) {deg)
FWD
0
15 15 20
@ 3 80¢c 45 @
45 .
60

60 / 53

K 75

] &h g0

! 106

120
\\
135 135
150 165 180 165 150 150 15 1gp 165 150

AFT AFT

Horizontal plane Horizontal plane

(deg) {deg)

» ®
45

75

105

g’\ 120

N
135

150 165 4gp 165 190 150 165 150 165 150 g
AFT AFT as
2m

3-33



Men

150

Downloaded from http://www.everyspec.com
NASA-STD-3000/VOL.I/REV.B

Horizontal plane

+46 cm

Horizontal plane
(deg)

Women

+46 cm

Horizontal plane
(deg)

165 180 165 190
AFT
Men +61 cm Women +61 em o
Horizontal plane Horlzontal plane
(deg) (deg)
FWD
¢ 5
O 15 20 ®
30 ?,9, 45
45 - - -~
60
60 { 40 NS
1 75
75 \ ‘
%0 N o‘% .. 40 BlOcm 20
AN
120 i "
N 120
135
150 s
150 165 1gp 165
AFT gg
Wn o
=

3-34




Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.//REV.B

Horizontal Plane

Men 76 cm Women 76 cm
Horizontal plane Horizontal plane
FWD (deg) FWD (deg)
0 15 0 15
15 30 12 30
80 20 80 /
® 30 - ':Sﬂ"l ~ 45 ® @ cT /45 ®
45 45 ay .
\ 60 60
80. !/ 40 80 A0
75 75 75
i
* \ '\l 30 80cml\\ 4 £1 20 ‘;‘p cm
% ST '}90 8a NSy SRR T
Q /
105 Z) 106" i‘\\\
~ N 108
N / 105
/
120 . g \ — 120 ‘ A0 S
~ 120 - 120
138 RN 135
136 135
160
165 g0 165 190 180 165 180 185 150
AFT AFT
Men 81 cm Women 91 cm
Horizontal plane Horizontal plane
FWD (deg) FWD (deg)

© ®
a5
80
75
75
90 20
105 —
105
120
120
135
150
165 189 185 150 150 185 180 165 150 %
AFT AFT §°.-"‘
o
Fn

3-35



Downloaded from http://www.everyspec.com

NABA-STD-3000/VOL./REV.B

Horizontal Plane

Men +107 cm Women +*107 cm o
Horizontal plane FWD Horizontal plane
{deg) {deg)
0 45
15 / 30
8Gicmn
O ®
®
75
75 78
90 90 80
106
105 105
120 12
120
150 166 1gp 165 150 150 1g5 180 185 150
AFT AFT
+122 ¢cm +122 cm
n . Women :
Me Horizontal plane Horizontal plane .
FWD (deg) FWD (deg)
0 0 15
15 16 15 30
© 30 © 30 80{cm 45
45 45 d ®
60
60 6 4
75
80 4 20 % 'ﬁlF Y. 80 em 90
w0 o 05—~ [
0/ Iy 10
4
120 12 4
120
135 135 | N
) 135
150 168 4189 185 150 150 155 499 165 150
AFT AFT §a
2
23

3-36



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Horizontal Plane

Men 437
Horizontal plane

FWD {deg)

15

MSI1S-288

7 of 19

3-37



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B
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Thumb and forefinger grasp boundaries for
varying dimensions of A (A positive left of SRP)

Seat
reference
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2 Vertical
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Reference: 310, Pages 3510 52

Notes:

a. Gravity conditions - the boundaries apply to 1-G conditions only. Microgravity will causa the apina to langthen, and ©
adjustments should be made based on a new shouider pivet location. § -
b. Subjecis - the subjects used for this study are representative of the 1967 Air Force population estimates defined in A 3
Reterence 18, Chapter I} =~

Figure 3.3.3.3.1-1. Grasp Reach Limits With Right Hand for American Male and Female Populations (Continued)
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a Gravity conditions - the boundaries apply to 1-G conditions only. Microgravity will cause the spine to langthen, and
adjustments should be made based on a new shoukder pivot location.

b. Subjects - the subjects used for this study are representative of the 1967 Air Force population estimates defined in
Refarance 18, Chapter il
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Figure 3.3.3.3.1-1. Grasp Reach Limits With Right Hand for American Male and Female Populations (Continued)
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Direction of arm reach
{from O deg or “straight
ahead,’’ to 90 deg to
the right)

{deg)

Approximate changes in reach for
each single degree of change in
backrest angle (reach increases as
backrest angle moves to vertical,
and vice versa)
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90

+1.02 cm (£0.40 in)
+1.27 cm {£0.50 in}
+1.14 cm (£0.45 in)
+0.94 cm (£0.37 in}
+0.66 cm (£0.26 in)
10.36 cm {10.14 in)
+0.25 cm (£0.10 in)

Reference: 16, Volume 1, page V-61

Figure 3.3.3.3.1-2. Changes in Arm Reach Boundaries as
a Function of Variation in Backrest
Angle of 13 Degrees From Vertical
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Radius

Radius of fingertip
reach boundary
95th percentils 195 ecm (77 inches)
male
5th percentile 150 em (63 inches)
female

Relerence: 351

Notes:

a. Subjects - These data were generated using a computer-based anthropometric model. The computer model was developed
using a sample of 182 male asironaut candidates and 22 female astronaut candidates measured in 1979 and 1980
{Reference 365). The Sth percentile stature of the male population is 167.9 cm (66.1 inches) and the 95th percentile

male stalure is 189.0 cm (74.4 inches. The 5th percentile stature of the female population is 157.6 cm (62.0 in.} and the
95th percentile female is 175.7 cm (69.2in.}

b. Gravity conditions - Although the mations apply to a microgravity condition, the effects of spinal lengthening have not been
considered.

Figure 3.3.3.3.1-3. Microgravity Handhold Restraint Reach Boundaries
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Radius

Assume flexible arch/
support fooi restraint

Radlus of reach fingertip boundary
in X-Z plane
Flexible arch Fixed "lat® fool
support foot restraint restraint
86th percentile | 222 om (87 in) 212cm {83 in)
male
Sth percantile 188 cm (741n) 172 cm {68 in)
female

Retference: 320
Notes:

2. Subjects - Thess data were generated using a computer-based anthropometric model. The computer model was devaloped
using a sampie of 192 male astronaut candidates and 22 female astronaut candkiates measured in 1979 and 1980
(Reterance 365), The 5th percentile staturs of the male population is 187,98 cm (68.1 inches) and the 95th percentile male
stature is 189.0 cm {74.4 inches). The 5th percentile stature of the female population is 157.6 cm (62.0 in.) and tha 95th
percentile female is 175.7 cm {69.2 in}

b. Gravily conditions - Although the motions apply to a microgravity condition, the effects of spinal lengthening have not
been considered,
£
¢. Restraint configuralion - two sets of dimensions are given for the fore/aft reach boundary. One set, the larger dimensions, E @
apply to afairly snug, but Hlexible, arch support that allows the toes and heels to ralse slightly from the floor, The otherset 2 3
of dimensions apply 10 a foot restraint that secures the feet flat to the floor. o

Figure 3.3.3.3.1-4 Microgravity Foot Restraint Reach Boundaries - Fore/Aft
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Dimensions of fingertip
reach boundary in Y-Z plane
Angle Y-axis Z-aia
{degrees) dimension dimension
95th 80 0 222cm
percentile
male 75 80cm 193 cm
(31 in) (76in)
60 110 cm 160cm
(43in) (63in)
5th 90 0 188cm
percentile {74 in)
male

75 28 cm 175cm
{(11in) {69in)

60 80cm 140cm
{3fin) {55in)

Relerance: 320

Notes:

Wl & AN X

=Y

a. The angle is measured between the x-axis and a line drawn from the center of the foot restraint to the reach boundary

b. The full reach boundary {upto 0 degrees angla) will ba provided in the next revision of this document.

¢. These data were generated using a computer-based anthropomentric model. The computer model was developed using
a sample of 192 male astronaut candidates and 22 female astronaut candidates measured in 1979 and 1980 (Refarence

365). The 5th percentile stature of the male population is 167.9 ¢m (86.1 inches) and the 95th percantile male statura is
189.0 cm (74.4 inches). The Sth percentile stature of the famale population is 157.6 em (52.0 in) and the §5th percentile

fernaleis 175.7 cm (69.2 in).

d. Although the motions apply to a microgravity condition, the effects of spinal lengthening have not been considered.

MS1S-341

Figure 3.3.3.3.1-5. Microgravity Foot Restraint Reach Boundaries—Side to Side (Using Flexible Arch Support

Foot Restraint Configuration

Type of task Adjustment
Finger tip operation +7.0¢m (2.8 in)
Full hand grasp =5.5em {2.2 in)

Reference: 310, page 84

MSIS-274

Figure 3.3.3.3.1-6. Adjustment to Thumb and

Forefinger Grasp Reach
Boundaries for Other

Types of Grasping Tasks
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3.3.3.3.2 Strike Reach Envelope Data
Design Requirements
{L}

If abrupt high accelerations are expected,
items within the strike envelope shall be designed
to minimize injury to the crewmember. Body sirike
envelopes as defined in Figures 3.3.3.3.2-1 and
3.3.3.3.2-2 shall be used as appropriate.

(Refer to Paragraph 6.3.3, Mechanical
Hazards Design Requirements, for requirements
for protection from mechanical hazards).

3.3.4 Neutral Body Posture
o}

3.3.4.1 Introduction
(O}

This section describes the posture that the
body assumes in microgravity. Implications
for habitat and crew station design are given.

3.3.4.2 Neutral Body Posture
Design Considerations
(O}

The crewmembers should not be expected
to maintain a 1-G posture in a microgravity
environment. Having to maintain some 1-G
postures in microgravity may produce stress
when muscles are called on to supply forces
that were normally supplied by gravity.
Stooping and bending are examples of posi-
tions that cause fatigue in microgravity. In
microgravity, the body assumes a neutral body
posture. The natural heights and angles of the
neutral body posture must be accommodated.
Some of the areas to be considered are as
follows:

a. Foot Angle - Since the feet are tilted at
approximately 111 degrees to a line
through the torso, sloping rather than flat
shoes or restraint surfaces should be con-
sidered.

b. Feet and Leg Placement - foot restraints
must be placed under the work surface.
The neutral body posture is not vertical
because hip/knee flexion displaces the

3-54

torso backward, away from the footprint.
The feet and legs are positioned some-
where between a location directly under
the torso (as in standing) and a point well
out in front of the torso (as in sitting).

c. Height - The height of the crewmember
in microgravity is between sitting and
standing height. A microgravity work sur-
face must be higher than one designed for
1-G or partial-gravity sitting tasks.

d. Arm and Shoulder Elevation - Elevation
of the shoulder girdle and arm flexion in
the neutral body posture also make eleva-
tion of the work surface desirable,

e. Head Tilt - In microgravity the head is
angled forward and down, a position that
depresses the line of sight and requires
that displays be lowered.

(Refer to Paragraph 9.2.4,
Human/Workstation Configuration for
additional information on the design of
microgravity workstations.

3.3.4.3 Neutral Body Posture Data
Design Requirements
(A}

Space module crew stations shall be con-

figured to accommodate the neutral body posture
shown in Figure 3.34.3-1.

3.3.5 Body Surface Area
(A}

3.3.5.1 Introduction
{A}

This section provides a means of estimat-
ing the body skin surface based on body mass
and body stature.

(Refer to Paragraph 3.3.7.3.1.1, Whole
Body Mass Design Requirements for whole-
body mass data.)

(Refer to Paragraph 3.3.1, Body Size Data
Design Requirements, for stature data.)
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| 7

== === -= Upward Head movement
Referance: 21, Page DN3Q4, page 3

Note:

These figures show the envelope that the body extremities (arms, legs, head, and torso) could strike when the seated

person is subjected to 4-G acceleration etiher fore and aft or to the side (+ Gy or + Gy). (Refer to Paragraph 5.3.1,
introduction, for acceleration vector referance conventions)

Figure 3.3.3.3.2-1. 4-G Strike Reach Envelope of a Seated 95th Percentile Male Wearing Full Restraint {Seat Belt
and Dual Shoulder Harness)
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Relerence: 21, Paga DN3Q4, page 3

Note:
These figures show the envelope that the body extremities {arms, lags, head, and 1orso) could sirke when the seated

person is subjected to 4-G acceleration etiher fore and aft or to the side (+ Gy or £ Gy). (Refer lo Paragraph 5.3.1,
Introduction, for acceleration vector reference conventions})

MS15-335

Figure 3.3.3.3.2-2. 4-G Strike Reach Envelope of a Seated 95th Percentile Male Wearing Lap Belt Only
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1269 (+10°)

929 (£ 159)

Body-centered

Vertical reference

Body-centered
Horizental reference

200° (£ 10%)

129 (69

Reference: 7, pages 24, 25, 26
129, Figure 11

Note: =l
The segment angles shown are means. Yalues in parsntheses are standard deviations about the mean.

The data was developed in Skylab studies and is based on the measurement of 12 subjects.

SIS285
ev. B

figure 3.3.4.3-1 Neutral Body Posture
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3.3.5.2 Body Surface Area Design
Considerations
{A}

The following are considerations for using
the body surface area estimations:

a. Gravity Environment - Body surface
area estimation equations apply to 1-G
conditions only. They do not account for
the fluid shifts and spinal lengthening in
microgravity.

(Refer to Paragraph 3.2.3.1, Microgravity
Effects Design Considerations, for a dis-
cussion of corrections for microgravity
conditions.)

b. Population - The equations given are
most accurate for the White or Black male
and female body form. The equations
should not be used to estimate the body
surface area of the Asian Japanese female.
Estimates for the body surface area of the
Japanese female will be provided in the
next revision of this document.

c. Application of Data - Body surface area
data have several space module design
applications. These include:

1. Thermal control - Estimation of
body heat production for thermal en-
vironmental control.

2. Estimation of radiation dosage.

3.3.5.3 Body Surface Area Data Design
Requirements
(A

The body surface areadatainFigure3.3.5.3-1
shall be used as appropriate to achieve effective
integration of the crew and space systems. These
data apply to 1-G conditions only.

3.3.6 Body Volume
{A}

3.3.6.1 Introduction
{A)

The following section presents informa-

tion on the volume displaced by the body as a
whole and the body segments.

3.3.6.2 Body Volume Data Design

Considerations
{A}

The following are considerations for using

body volume data:

a. Gravity Environment - The data are
based on 1-G conditions and does not ac-
count for fluid shifts or spinal lengthening
due to weightlessness.

{Refer to Paragraph 3.2.3.1, Microgravity
Effects Design Considerations, for a dis-
cussion of corrections for microgravity
conditions.)

American male
crewmember

body surface area

17,606 em? (2730 in?)
20,190 emZ (3130 in2)
22,690 cm? (3520 in?)

5th Percentile
B0th Percentile

gbth Percentile

Reference: 272, page 1

Notes:

a. American male crewmember population is
defined in paragraph 3.2.1, Anthropometric
Database Design Considerations.

b. Data apply to 1-G conditions.

MS15-284

Figure 3.3.5.3-1. Estimated Body Surface Area
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of the American Male
Crewmember
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b. Population - The data provided in this
paragraph apply only to the White or Black
male body form. The data should not be
used to estimate the body volume of the
Asian Japanese female. Estimates for the
body volume of the Japanese female will
be provided in the next revision of this
document.

3.3.6.3 Body Volume Data Design Re-
quirements
(A}

The data in this section shall be used as ap-
propriate to achieve effective integration of the
crew and space module.

Body volume data for the Japanese female
crewmember cannot be specified at this time due
to insufficient data.

3.3.6.3.1 Whole-Body Volume Data
Design Requirements
{A)

The whole-body volume datafor the American
male crewmember in 1-G are given in Figure
33.63.1-1.

3.3.6.3.2 Body Segment Volume Data
Design Requirements
{A)

Body segment volume data for the American
male crewmember in I-G are given in Figure
3.3.632-1

3.3.7 Body Mass Properties
{A}

3.3.7.1 Introduction
(A}

This section discusses the mass of the
human body and engineering properties of the
body mass. The following data are provided:

a. Body Mass - Both whole-body and
body-segment mass data are provided.

b. Center of Mass - Center of mass loca-
tions are defined for both the whole body
in defined positions and for body seg-
ments.

¢. Body Moment of Inertia - Moment of
inertia data are provided for the whole
body in defined positions and for body
segments.

All data are based 1-G measurements.

American male
crewmember
body voiume

5th Percentiie

50th Percentile

95th Percentile

68,640 cm® {4190 in%)
85,310 e (5210 inJ)
101,840 cm® (6210 in%)

|

Reference: 276, pages 80, 81

Notes:

a. These data apply to 1-G conditions only.

MSIS-283

b. American male crewmember population is defined in Paragraph
3.2.1, Anthropometric Database Design Considerations

Figure 3.3.6.3.1-1 Whole Body Volume of American
Male Crewmember
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Volume, cm? (in3)

Segmaent §th parcentila S0th percentile  95th percentile
1 Head 4260 (260) | 4400 (270) | 4550 (280)
2 Nack 930 (60) | 1100 (70) | 1270 (80)
3 Thorax 20420 (1250) 26110 (1590) 31760 (1940}
4 Abdomen 2080 (120) | 2500 (150) | 2960 (180)
5 Paivis 9420 (570) | 12300 (750) | 15150 (920)
8 Upper arm * 1600 (100) | 2050 (130) | 2500 (150)
7 Forearm * 1180 (70) | 1450 (90) | 1720 (100)
8 Hand 460 (30) 530  (30) 610 (40)
9 Hip flap * 2800 (180) | 3640 (220) | 4380 (270)
10 Thigh minus flap * 5480 (330) | 6700 (410) | 7920 (480)
11 cat* 3320 (200) | 4040 (250) | 4760 (290)
12 Foot * 840 (50) | 1010 (80) | 1180 (70)
5+4+3 Torso 31870 (1940) | 40910(2450) | 49870 (3040)
9410  Thigh* 8380 (510) | 10340 (630) | 12300 (750)
7+8  Forearmplushand © | 1640 (100} | 1980 (120) | 2320 (140)

Refarence: 276, pages 32-79

Notes:

¥ Average of right and leff sides
a. Thesa data apply to 1-G conditions only.
b. The American mals crewmember population is defined in Paragraph 8.2.1, Anthropometric Database Design Considerations

MSiS-282

Figure 3.3.6.3.2-1. Body Segments Volume of the American Male Crewmember
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3.3.7.2 Body Mass Properties
Design Considerations
{A)

The following are considerations for using
the body mass properties data:

a. Effects of Microgravity on the Body -
Microgravity causes fluids to shift upward
in the body and leave the legs. This results
in an upward shift of the center of mass for
the whole body and a loss of mass in the
leg segments.

(Refer to Paragraph 3.2.3.1, Microgravity
Effects Design Considerations for informa-
tion to estimate the impact of microgravity
on the body mass data.)

b. Population - The only body mass data
provided for the Japanese female is whole
body mass. Japanese female crewmember
center of mass and moment of inertia data
cannot be specified at this time due to
insufficient data.

¢. Body Weight Versus Body Mass - Al-
though body mass remains constant, body
weight will depend on gravity conditions.
In 1-G body weight is calculated as indi-
cated below:

1. Weight in lbs/32.2 = Mass in slugs

2. Weight in Newtons = mass in Kg X
9.8.

d. Application of Dat - In microgravity,
the body mass properties define body reac-
tion to outside forces. These forces can be:

1. Reactive to forces exerted by the
crewmember or a hand tool.

2. Active forces from devices such as
the Manned Maneuvering Unit.

3-61

Both whole-body and body segment mass
properties are given. The reaction of the body
to a force depends on both the mass and the
relative positions of the body segments. The
whole-body center of mass and moment of
inertia data are provided for 8 predefined
positions. whole-body mass properties for
other positions would have to be determined
by mathematically combining the mass
properties of the individual segments.

3.3.7.3 Body Mass Properties Data
Design Requirements
(A}

The data in this section shall be used as ap-
propriate to achieve effective integration of the
crew and space systems,

3.3.7.3.1 Body Mass Data Design Re-
quirements
(A}

3.3.7.3.1.1 Whole-Body Mass Data
Design Requirements
(A}

Whole-body mass data for the crewmember
population in 1-G are in Figure 3.3.7.3.1.1-1,

3.3.7.3.1.2 Body Segment Mass Data
Design Requirements
(A)

Body segment mass data for the American

male crewmember in 1-G are in Figure
3.3.7.3.1.2-1.

3.3.7.3.2 Center of Mass Data Design

Requirements
{A)

3.3.7.3.2.1 Whole-Body Center of
Mass Data Design Requirements
{A)

The whole body center of mass location data
Jor the American male crewmember in 1-G are in
Figure 3.3.7.3.2.1-1. Equations for locating the
whole body center of mass in males of different
sizes, are given in Figure 3.3.7.3.2.1-2.
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Whole body mass of year 2000 crewmember popuiat'ion (age 40)

Male (American) Female (Japaness)
5th 50th 95th 5th 50th 95th
percentile | percentile | percentile | percentile | percentile parcentile
65.8kg 822kg 98.5 kgL 41.0kg 51.5kg 61.7kg
(145.11) | (181.31b) | (217.21b) (90.4 1b) {1135b} | (136.0b)

Reference: 18, pages l11-92, (-85

Notes:

308

a. These data apply-to 1-G conditions only. Fluid losses in microgravity reduce
these masses.

b. Year-2000 crewmember population is defined in paragraph 3.2.1,

Anthropometic Database Design Considerations.

Figure 3.3.7.3.1.1-1. Whole Body Mass for Year 2000 Crewmember Population
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Mass , gm (0z, weight )

Segment Sth parcentile S50th parcentila | 95th percentile

1 Head 4260 (150) | 4400 (160) | 4550 (180)
2 Nack 930 (30) | 1100 (40) 1270 (40)
3 Thorax 20420 (720) | 26110 (920) | 31760 (1120)
4 Abdoman 2030 (70) | 2500 (90) 2960 (100}
5 Pelvis 9420 (330) | 12300 (430} | 15150 (530)
Uppararm * 1600 (60) | 2080 (70) | 2500 {30)

Forearm * 1180 (40} 1450  (50) 1720 (50

8 Hand 480  {20) 530 (20} 610  (20)
9 Hipflap * 2890 (100} | 3640 (130) | 4380 (150)
10 Thigh minus fiap * 5480 (190) | 6700 (240) | 7920 (280)
1 car* 3320 (120) | 4040 (140) | 4760 (170)
12 Foot * 840 (30} | 1010 (40) | 1180 (40)
5+4+3 Torso 31870 (1120) | 40910 {1440) | 49870 (1760)
9+10  Thigh* 8360 (290) | 10340 (360) | 12300 (430)
7+8 Forearmplushand‘ 1640 {60) 1680 (70) 2320 (80%

Reference: 276, pages 32-79
MNotes:

a. These data apply to -G conditions,

With Updates

b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations

M Averaga of right and left sides

Figure 3.3.7.3.1.2-1. Mass of Body Segments for the American Mals Crewmember
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Whole body center of mass for the American male crewmembaer (1 gravity only}
7 cm {in)
Dimension Sth percentile 50th percentile | 95th percentile
7 2
! i
----- X
L{X}
L{Y} = 1/2 distance between anterior
superior iliac spine landmarks
(1/2 bispinous breadth) LX) 868 (3.4) 8.1 (3.6) 96 (3.8)
Ly 11.7 {4.6) 125 (4.9) 133 (5.2)
L) 75.7 (29.8) 80.2 {31.6) 847 (33.3)
1. Standing
L 87 (3.4) 9.0 (3.8) 9.4 (37
LY} 11.7 (4.8) 125 (4.9) 133 (5.2
L) 69.9 (27.5) 73.9 (29.1) 77.9 (30.7)
2. Standing, Arms
Over Head

Referanca: 16, Chaptsr IV
250

Notes:

a. These data apply 10 1-G conditions. To estimate center of mass location in microgravity, muttiply the L(z) ligure by 08.
b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropomatric Database Design Considerations

Figure 3.3.7.3.2.1-1. Whole Body Center of Mass Location of the American Male Crewmember

MSIS-278
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Whole bady center of mass for the Amarican male crewmember (1 gravity only)

cm (in}
Dimansion Sth percantile 50th percantila | 95th percentile
LX) 82 (3.2) 8.6 (3.4) 9.0 (3.6)
L) 1.7 (4.86) 125 (4.9) 133 (5.2
L2 69.4 (27.3) 73.5 (28.9) 77.5 (30.5)
3. Spread Eagle
F L(X) 184 (7.7) 208 (8.1) 218 (8.6)
LY} 11.7 (4.8) 12.8 (4.3) 133 (5.2)
4. Sitting L{Z) 65.2 (25.7) 68.6 (27.0) 71.9 (28.3)
L3O 18.9 (7.4) 200 (7.9) 211 (8.3)
L) 11.7 {4.6) 12.5(4.9) 133 (5.2)
L 66.0 (26.0) 69.3 (27.3) 725 (28.6)
5. Sitting, Forsarms
Down

Reference: 16, Chapter [V
250

Notes:

a. These data apply to 1-G conditions, To estimate center of mass location in microgravity, multiply the L(2) figure by 0.9

b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations

Figure 3.3.7.3.2.1-1. Whole Body Center of Mass Location of the American Male Crewmember (Continued)
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Whole body center of mass for the American male crewmember (1 gravity only)
cm (in)
Dimension 5th percentile 50th percentile | 95th percentile
L{X) 17.6 (6.9) 188 (7.4) 201 (7.9)
35 deg
L{Y} 11.7 (4.6) 125 (4.9) 3.3 (5.2)
35d
* L{Z) 57.3 (22.5) 59.4 {23.4) 61.5 (24.2)
E. Sitting, Thighs
Elevatad
L(X) 194 (7.8) 205 {8.1) 215 (B85
L{Y) 1.7 (4.6) 125 (4.9) 133 (5.2)
7. Mercury L2 66.8 (26.3) 69.9 (27.5) 73.0 (28.7)
Configuration
47 deg
A1
101 deg
L{X) 180 (7.1) 188 (7.4 186 (7.7
L(Y) 11,7 (4.8) 125 (4.9} 133 (5.2
L@ 68.0 (26.8) 70.2 (27.9) 73.7 (20.0)
8. Relaxed (weightless)

Refsrence: 16, Chapter IV
250

Nates:
a. These data apply to 1-G conditions. To estimate center of mass location in microgravity, multiply the L{z} 1!gure by 9.9. .
b. The Amarican male crewmembar population is defined in Paragraph 3.2.1, Anthropometric Databasa Design Considarations

MSiS-278
LYY

Figure 3.3.7.3.2.1-1. Whote Bady Center of Mass Location of the American Male Crewmember {Continued)
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Location of
center of
mass, cm = [A x (stature, cm}] + [B x (weight, ibs)] + [C)
Posture Dimension A 8 c SE*{cm])| R**
1, Standing L(X) |-0035 | 0024 | 11.008 | 033 | 0.7636
L (Y) 0 002y | 8609 | 089 | 04310
L (2) 0.486 |—0.014 | -4.775 | 1.33 | 0.9329
2. Standing L{X} |-0.040 | 0020 | 12632 | 045 | 05823
",:’3’)‘ over LYy | o 0021 | 8609 | 0.89 | 0.4310
L (2) 0.416 | -0.007 | 0305 | 152 | 0.8927
3. Spread LC(X) |-0031 | 0020 | 10443 | 036 | 0.6708
eagle L{Y) 0 0021 | 8609 | 089 | 0.4310
L {2) 0392 | 0002 | 2847 | 148 | 0.8921
4. Sitting L IX) 0.080 | 0.010 | 4.450 | 056 | 0.7900
L {Y) 0 0.021 8609 | 0.89 | 0.4310
L {2) 0.344 | -0.004 | 7327 | 146 | 0.8632
5 (stu:clm LX) 0.047 | 0022 | 7405 | 066 | 0.7104
lountad) L {Y) 0 0.021 8610 | 0.89 | 04310
L (2) 0.212 | ~0.002 | 21.582 | 1.24 | 0.7801
8. Sitting LX) 0.075 | 0.010 | 4628 | 0.51 | 0.8030
é‘:m arms L {Y) 0 0.021 8600 | 089 | 0.4310
L (2) 0.355 | -0.010 | 7389 | 156 | 0.8489
7. Mercury L (X) 0076 | 0008 | 5253 | 054 | 0.7828
configuration | | vy | ¢ 0021 | 8609 | 089 | 04310
L {2) 0311 | -0002 | 14425 | 180 | 0.7841
8. Weightless LX) 0077 | 0.001 | 4.692 | 060 | 0.6973
L {Y) 0 0.021 8609 | 089 | 0.4310
L (2) 0218 | 0017 | 28852 | 316 | 0.5015

MSIS-279

Reference: 250

Notes:
-~ Refer to Figure 3.3.7.3.2.1-1 for measurement landmarks

*SE = Standard error of the estimate
**R = Multipie correlation coefficient

a. These data apply only to 1-G conditions. To estimate
center of mass location in microgravity, muitiply the
L {2} figure by 0.9,

b. The American male crewmembar population is defined

in paragraph 3.2.1, Anthropometric Database Design
Considerations.

Figure 3.3,7.3.2.1-2. Whole Body Center of Mass Location for American
Male Crewmembers of Different Sizes
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3.3.7.3.2.2 Body Segments Center of
Mass Data Design Requirements
{A]

Center of mass of body location data for body
segments of the American male crewmember in
1-G arein Figure 3.3.7.2.2-1.

3.3.7.3.3 Moment of Inertia Data

Design Requirements
{A}

3.3.7.3.3.1 Whole-Body Moment of In-
ertia Data Design Requirements
(A}

Whole-body moments of inertia data for the
American male crewmember in 1-G are in Figure
3373311

3.3.7.3.3.2 Body Segments Moment of
Inertia Data Design Requirement
{A)

Body segment moments of inertia data for the
American male crewmember in 1-G are in Figure
33.73.32-1.
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Center of mass location,
om {in)
5th percentile S0th percentile 95th percentita
X Y z X Y Z X Y z
Nuchaie
Tragion
Head Qé4 e:éa 2.1 10.4 7.2 23 115 7.7 2.5
A . 0.8 4, 28 X y \
Conter @GN @D O8] @) | 28) | (08| @8 | 8O | (1.0
of mass
Antarior superior
liac spine
Torso 84 13.8 21.0 10.0 158 { 21.8 11.8 17.8 225
B3| 4| | B9 | €2 | 86| 46 | 7.0 ] 89
Shoulder
joint
Upper arm * *laaal * * | s | 157
(5.6} {5.9) (6.2

Referance: 16, Chapter IV

Notes:
a. These data apply to 1-G conditions anly.

b. The Amefican male crewmermber population is dsfined in Paragreph 3.2.1, Anthropometric Database Design Consideratians

* Assume symmetry

figure 3.3.7.3.2.2-1 Body Segment of Mass for American Male Crewmember
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Center of mass location,
em (in}
5th parcentile 50th percentile 95th percentile
Eloow A X Y z X % z X Y z
z
Forearm * ¢ 10.9 * * 1.5 * * 12.1
(4.3) (4.5) (4.8)
o 2
Wrist
i
|
|
1
Hand * * | 54 * *1ss | * * 1 s
2.0) (2.2) {2.4)
Thigh * *Jae] * w0l * * | 1ea
8.7 {7.1% (75}
Feferenca: 16, Chapter iV * Assume symmetry
Notes:

a. These data apply to 1-G conditions only. )
b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropamelric Database Design Considerations

*
Assume symmetry

Figure 3.3.7322-1 Body Segment of Mass for American Male Crewmember (Continued]
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Moment of inertia, g-cm? x 105( i-In-sac?)

Posture Axis Sth percentlls 50th percantile 85 percanils
z
X 106.5 (94.2) 144.5(101.3) 182.3{161.2)
X Y .
1. Standing Y 94,9 (83.9) 125.2(314.9) $63.4 (144.5)
4 103 {9.1) 144 (127 18,5 (15.4)
X 141.0 (124.7) 191.9(169.7) 242.6 (214.6)
2. Standing, Arma X
Standing, Y 124.6 (110.2) 172.9(152.9) 221.0 {195.5)
2 108  (9.4) 14.1 (125} 17.5 (15.5)
2
X 137.2 (121.3) 190.4 (168.4) 243.4 (215.3)
3. Spread Eagle | v 104.2 (02.2) 144.9(128.1) 185.2 {163.8)
z 320 (28.3) 46,6 (41.2) 61.3 (54.2)
z
X 573 (50.7) 76.9 (88.0) 96.5 (85.3)
o ‘He X Y
4, Sitting Y 82.0 {54.8) 83.2 (73.6) 104.3 (52.2)
z 30.7 (27.2) 424 (37.3) 54.0 (47.8)

Rataranca: 16, IV-42, IV-25

Notes:
a. These data apply to 1-G conditions only.

b. The American male crewmember population is defined in Paragraph 3.2.1, Anthrapomatric Database Design Considerations
Figure 3.3.7.3.3.1-1. Whole Body Moment of Inertia for the American Male Crewmeamber
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Moment of inertia, g-cm2 x 105, (b-in-sec?)
Posture Axis S5th percentile 50th percentile 95 percentile
X 592 (524) 77.6 (68.8) 96.0 (84.9)
v 9. Sitting,
Forearms Y 63.9 (56.5) 86.3 {76.3) 108.8 (96.0)
Down
z 30.8 (27.3) 42.8 (37.9) 84,6 (48.3)
36 deg X 37.6 (33.3) 48.7 (43.1) 59.8 (52.9)
6. Sitﬁnﬂ, Thiﬂh! 8. A1, S. 40,
Elovated g Y 37.2 (32.9) 46.6 (41.2) 55.8 (46.3)
35 deg A 23.9(21.1) 33.7 (29.8) 435 (38.5)
X 625 {55.3) B82.2(72.7) 101.8 (90.0)
7. Mercury Y 69.6 (61.6) 95.5 (84.5) 121.3 (107.3)
Configuration
Z 31.9 (28.2) 44.0 (38.0) 54.0 (47.8)
B Rlaxed Weightlont. X 88.0 (77.8) 1145(101.3) 140.9 (124.6)
spinal lengthening)
47 deg 109d99 Y 841 (74.4) 100.6 (96.9) 134.8 (119.2)
D’ 63 deg
101 deg z 39.8 (38.2) 80.5 (44.7} 61.2 (54.1)
— 126 dag
Refarance: 16, 1V-42, |[V-25 ©
N
Notes: o™
a. These data apply to 1-G conditions only. F %5
b. The American male crewmember pogulation is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations =

Figure 3.3.7.3.3.1-1. Whole Body Moment of Inertia for the American Male Crewmermber (Continued)
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Moment of inertia, gcm2 x 103, (lb-in-secZ x 103)

Segment Axis | Sthpercentile §0th percentile 95th percentile

Heoad Z
v X 1852 (172.7) 2071 (183.2) 2189 (193.6)
J?D 1 X Y 2218 (196.2) 236.8 (209.4) 2518 (222.6)
Z 1449 (128.1) 1563.2 (135.5) 161.4 (142.7)

Neck

X 134 (11.9) 182  (16.1) 23.0  {20.3)
Y 166  (14.9) 220  (19.5) 274 (242
Zz 203 (17.9) 275  (24.3) 346 (30.6)

Thorax zZ
X 3509.6 (3103.9) 5312.0 (4697.9) 71002 (6279.4)

Y 2556.3 (2260.8) 3920.6 (3467.4) 5274.0 (4664.3)

Zz 2153.8 (1904.8) 3320.1 (2838.3) 44755 (3958.1)

Abdoman
X 116.6 (103.1) 175.2 (155.0) 2332 (208.2)
Y 633 {56.0) 882 (88.8) 1326 (M17.3)
z 173.6 (153.5) 265.4 (234.7) 356.1 {315.0)
Palvis
X 37 (631.2) 11234  {993.6) 1528.8 {1352.1)
Y 646.4 (571.7) 10335 (914.0 1416.4 (1252.7)
Z 820.0 (752.2) 1303.6 (1152.9) 1782.0 (1576.0)

Reterence: 276, pages 32-79

Notas:
a. These data apply to 1-G conditions only.
b. The American male crewmember population is defined in Paragraph 3.2.1, Amthropometsic Database Design Considerations

Figure 3.3.7.3.3.2-1. Body Segmaent Moment of Inentia for the American Male Crewmember
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Moment of inertia, g-cm2 x 103, {lb-in-sec? x 103)
Segment Axis 5th percentile 50th percentile 95th percantile
Torso
X 10731.4 (8490.9) | 15957.8 (14113.0) 21141.0 {18697.1)
ZY Y 2556.3 (2260.8) | 39206 (3467.4) 5274.0 (4664.3)
4 2153.8(15004.8) | 3320.1 {2936.3) 5274.0 (4654.3)
Right uppar arm
X 926 (81.9) 1417 {125.4) 1905  (168.6)
X
Y?A Y 076 (86.3) | 1512 (138.7) 2044  (180.8)
L' v
Z 185 (16.9) 292 {25.8) ki=: ] {(35.2)
Loit upper arm
z X 8941 (78.8) 1372 (121.43) 185.0 {163.6)
Y 93.3 (82.5) 1457 (128.9) 197.8 (174.9)
z 178 (15.8) 282  {24.9) 8.4  (340)
Right forsarm
z X 853 (57.7) 939  (83.1) 122.4  (108.3)
s Y 66.3 (58.6) 956 (84.6) 1248  (1104)
X
! Z 9.8 (8.5} 142 (12.6) ig.8 {16.5}
Left forearm 4
X 83.7 {66.,3) 889 (78.8) 113.9 (100.7)
M Y 65.4 (57.8) 915  (80.9) 117.4  (103.9)
X Z 8.9 (7.9) 129 (11.4) 18.9 {14.9)

Reference: 276, pages 32-79

Notas:
a. These data apply io 1-G conditions only. ) .
b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropometric Database Design Consideralions

Figure 3.3.7.3.3.2-1. Body Segment Moment of Inertia for the American Male Crewmember (Continued)

MSIS-275
2ol 6
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Moment of inetia, g-cm? x 103, ( b-in-sec2 x 103)

Segment Axis | 5thpercentile 50th percentile 95th percentile
Right hand
Z X 10.7 {9.4) i38 {12.2) 16.8 {14.9)
Y 87 (7.7 1.2 {9.9) 137 (129)
Z 34 (3.0) 45 (4.0) 55 {4.9)
Left hand
X 10.8 (9.5) 136 (12.0} 16.4 {14.5)
Y 9.0 {7.9) 1.3 (10.0) 13.6 {12,0}
z 35 @31 44 (3.9 53 @a.n
Right hlp flap
7 X 88.8 (78.5) 1341 (118.6) 1785 (1582)
) Y 116.3 (102.8 173.1 183.1) 2234  (2029)
QQA (102.8 ( (
]
X
Zz 150.4 (133.1} 2265  (200.3) 301.7 (266.9)
\f
Lett hip flap
> X 85.0 (75.1) 1288 (133.9) 172.2  (1523)
Y
Y 113.4 (100.3} 1692  (149.7) 2245 (198.5)
X ,
Z 1467 {129.8) 2192  {193.8) 2908 (257.2)
Reference: 2786, pages 32-79
Notes:
a. These dala apply.to 1-G condilions only,
b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations

Figure 3.3.7.3.3.2-1. Body Ssgment Moment of inertia for the American Male Crewmember (Continued)

3-75

MSIS-275
3af6



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.//REV.B

Mement of inertia, g-cm? x 103, ( b-in-sec? x 10°)
Segment Axis 5th percantile 50th percentite 95th parcentiie
Right thigh minus flap
2 X 453.6 {401.2) §53.1 (577.5} 8523 (753.8)
v Y 469.2 {415.0) 6734  (595.5) 8773 (775.9)
X rd 178.4 (157.8) | 2552 (225.7) 3313  (293.0)
Left thigh minus flap
Z X 437.3 (386.8) 620.9  (549.1) B04.0 (711.1)
Y Y 460,7 (407.5) 6534  (577.9) 845.7  (747.9)
¥ 1723 (152.4) 2469 (2183 321.0 {2838
X
Right calf
2z X 430.7 (381.0) 8181  (546.8) 804.8 (711.8)
Y
Y 437.7 (387.1) £27.1  (554.6) 8160 (7F23.7)
X
Z 51.8 (45.9) 72.0 (63.7) 921 (81.5)
Latt calf 7
X 4341 (383.9) 6296  (556.8) 8247 (729.4)
Y Y 4414 (390.3) 639.7  (565.8) 837.7  (740.9)
X Z 50.7 (44.9) 728 (64.4) 64.7 {83.7}
Relerence: 278, pages 32-79 “
[
Notes. 3,‘ ©
a. Thess data apply to 1-G conditions only. ne
t. The American mata crewmembsr population is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations Z -

Figure 3.3.7.3.3.2-1. Body Segment Moment of Inertia for the American Male Crewmember (Continued)
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Moment of inertia, g-cm? x 103, ( tb-in-sec? x 103)

Segment Axis Sth percentile 80th percentile 95th percentlle
Right foot
z X 8.5 (5.7 8.7 (7.0 108 (9.6)
v Y 338 (29.9) 481 (40.7) 58.3 {51.5)
X Z 280 (31.8) 438 (42.2) 61.7 (54.5)
Laft foot
X 6.1  (5.4) 83 7.4 10.6 (9.3)
Y 324  (28.6) 447  (29.5) 570  (504)
X
F4 4.2 (302 470 (41.6) 59.8 (52.9)
Right thigh
F4 X 1163.7 (1028.2) 16898 (1494.4) 2213.9 (1958.0)
Y 1225.4 (1083.8) 17803 (1575.0) 2334.2 (2064.4)
Z 316.5 {279.8) 4646  {410.9) 611.3 (5408)
Left thigh »
X 11226 (992.6) 16230 (1435.4) 21211 (1875.9)
Y 1186.3 (1049.2) 17132 {1515.1) 2237.5 (1978.8)
z 306.2 (270.8) 4485  (396.5) 5895 (8213)

Relerance: 278, pages 32-79
Notes;

a. These data applyto 1-G condltions only.
b. The American male crewmembar pepulation is defined in Paragraph 3.2.1, Anthropometric Database Design Considerations

Figure 3.3.7.3.3.2-1, Body Segment Morent of Inertla for the American Mals Crewmember {Continued)
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Moment of inertia, g-cm2 x 103, ( b-in-sec? x 103)

Segment Axis Sth percentila 50th percantile 95¢h percentile
Right forearm plus hand
zZ X 2385 (210.9) 3278  (289.9) 416.7  (3885)
Y Y 2375 (2100 3265 (268.8) 4151 (367.2)
X
Z 134 (11.9) 192 {17.0) 25.0 (22.1)
Left forearm plus hand
X 2341 (207.0) 314.% (277.8) 293.8 (3483)
Y Y 232.8 (205.9) 3122 (276.1) 391.2 (346.0)
z 128 (11.4) 179 (15.9) 23.0 {20.3)

X

Reference: 276, pages 32-79

Notes:
a. These data apply 10 1-G conditions only.
b. The American male crewmember population is defined in Paragraph 3.2.1, Anthropometric Database Deslgn Considerations

MSIS-275

Figure 3.3.7.3.3.2-1. Body Segment Moment of Inertia for the American Male Crewmember (Continued)

3-78



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Table of Contents

4.0 HUMAN PERFORMANCE CAPABILITIES .. ... ... ..
4.1 INTRODUCTION . . . . o v v v v v o vt s o o o o o a
4.2 VISION . . . . i i e e ot e e s e et st s s 8 s s
4.2.1 Introduction . .. .. ... ... ...
4.2.2 Vision Design Considerations . . . . . .. ... ... .. .....
4.3 AUDITORY SYSTEM . . . & ¢ v 4 v o v o 0 a0 s o s s s o
4.3.1 Introduction . . . .. .. .. . ... e
4.3.2 Auditory System Design Considerations . ............
4.3.2.1 AuditoryResponse . . . . .. ... e e e e e
4.3.2.2 Noise Design Considerations . . . .. ... ... ... ......
4.4 OLFACTIONAND TASTE . . . . ¢ v ¢ ¢ v v o o o s s s o
4.4.1 Introduction . . . . . . .. . . e e e
4.4.2 Olfaction and Taste Design Considerations . . . . .. .. .. ...
4.4.2.1 Olfaction . . . . . . . . . . . @ i i it i e e e e e e e e e
4.4.2.2 K .
4.5 VESTIBULARSYSTEM . . . ¢ . 4 ¢ ¢ ¢ ¢« ¢ 0 6 o o s s o
4.5.1 Introduction . . . . . . . . . . L L e e e e e e e e e e
4.5.2 Vestibular System Design Considerations . . . . .. .. ... ..
4,521 Spatial Disorientation . . . . . . . . . . . . . .. ... ...
4,5.2.2 Space Adaptafon Syndrome . . . .. . ... ... . .. ...,
4.6 KINESTHESIA . . . . & ¢ ¢ o v 4 o v s o 0 o o o s ¢ 0 o
4.6.1 Introduction . . ... . ... .. ... .,

4-i



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

4.6.2 Kinesthestic Design Considerations . . . . ... ... . ... ... 4-7
4.7 REACTIONTIME . , ¢ o ¢ 4 ¢ ¢ s ¢ ¢ s v 06 6 s ¢ 5.0 0 4-8
4.7.1 Inroduction . . . . ... L e e e e e e 4-8
4.7.2 Reaction Time Design Considerations . ... ... .. ... ... 4-8
4.8 MOTOR SKILLS (Coordination) . . . .+ « ¢« ¢« ¢ ¢ s o« « & 4-8
4.8.1 Introduction . . . . . . . . . .. e e e e e 4-8
4.8.2 Motor Skills (Coordination) Design Considerations . . ... ... 4-8
4.9 STRENGTH . . . & ¢ v 4 o o 0 s s s 0 0 o ¢ 86 s 6 06 0 0 4-9
4.9.1 Introduction . . . .. . . .. .. ... 4-9
492 Strength Design Considerations . . . . . .. ... ... ...... 4-9
493 Strength Design Requirements . . . ... ... .......... 4-10
4.10 WORKLOAD . . . . ¢ ¢ sttt s st etasssssees 414
4.10.1 Introduction . . . . . . . . ... e e e e e e 4-14
4.10.2 Workload Design Considerations . . ... ... ... ...... 4-14
4.11 Effects of Deconditioning . . ... ................. 4-20
4.11.1 Introduction . ... ..... ... . ... ... 4-20
4,112 Effects of Deconditioning Design Considerations . ...... .. 4-20
4,11.3 Effects of Deconditioning Design Requirements . . . ... ... 4-20

4-ii



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

4.0 HUMAN PERFORMANCE

CAPABILITIES
(A}

4.1 INTRODUCTION
(A}

The user must keep in mind that much is
still unknown about the over-all, long term
effects of various space environments on per-
formance capabilities. The data included here
were derived from past experience with high-
performance aircraft, and the relatively
limited experience, particularly with respect
to long orbital stays, with past space
programs. A lot of the information in this
chapter has been derived from one-g data to
which trend information from the sources
cited above was applied. Although less than
perfect or complete data were compiled for
this chapter, it is the best information in this
field known to exist at this time.

This chapter is based on the premise that
designers and mission planners will do a bet-
ter job if they are familiar with the capabilities
of the people for whom they are designing.
When people go into space their performance
capabilities may change in important ways.
The purpose of this chapter is to document
these changes.

The voluminous data that exists on
human performance capabilities under 1-G
(Earth) conditions are not included here. This
material is covered in other sources (see refs.
4, 19, 143, and especially 336).

4.2 VISION
{A}

4.2.1 Introduction
(A}

This section discusses aspects of visual
performance that are, or are likely to be,
medified by space travel. For more general
information on vision, consuit the references
provided in Paragraph 4.1.

4-1

4.2.2

tions
{A}

Vision Design Considera-

Space-related factors that may affect
visual perception as listed below.

a. Acceleration - The effects of acceleration
on vision depend on the direction of the
force vector.

(Refer to Paragraph 5.3, Acceleration, for
additional information on the affects of
acceleration.)

1. +Gz acceleration (eyeballs down)
results in dimming of vision, followed
by "tunnel vision" loss of sight which
begins on the periphery and gradually
narrows down until only macular
{(central) vision remains. This is fol-
lowed by total blackout and then loss
of consciousness.

2. +Gx acceleration (eyeballs in)
results in loss of peripheral vision.
This typically occurs at slightly over
4-G (based on a rate of onset of 1-G
per second). Complete loss of vision
varies between individuals, and with
physical conditioning, training, and
experience,

3. -G: acceleration (eyeballs up)
results in diminished vision, red-out
(red vision), an increase in the time for
the eyes to accommodate, and a blur-
ring or doubling of vision.

4. When exposed to -Gy acceleration
{eyeballs out), crewmembers will ex-
perience visual symptoms associated
with -Gz acceleration (see "3" above).

5. Visual reaction time may be defined
as the interval between the onset of a
stimulus and the initiation of the
crewmember’s response, This interval
is, in general, lengthened by increased
G level.
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6. Visual tracking is moderately
degraded by increased G level.

b. Vibration - If vibration is sufficiently
severe, visual performance will be
degraded. The severity depends on the
frequency and amplitude of the vibration
along with the resonance frequency of the
body part involved. Unfortunately, the
times when vibration is most likely to be
encountered (e.g., lift-off and landing)
also tend to be times when vision is impor-
tant. Displays that must be read during
projected periods of high vibration should
be designed accordingly. Design techni-
ques to be considered should include dis-
play characters which are sufficiently large
to be perceived even when blurred and
sufficient illumination to avoid scotopic
vision which results in a lower Critical
Flicker Fusion Frequency.

(Refer to Paragraph 5.5.2.3, Human
Response to Vibration, and reference 19
for additional information.)

¢. Light in Space - Differences in light
transmission and reflectance in space
result in some significant differences in
available perceptual cues in the ex-
travehicular environment as compared to
earth atmosphere.

1. Light Scatter - Atmospheric light
scatter does not exist in space due to
the lack of particulate and gaseous
material. Thus, aerial perspective
cues are absent. Figure-ground con-
trast is increased and shadows appear
darker and more clearly defined. Loss
of these cues along with other environ-
mental consequences discussed below
can degrade perception of object
shape, distance, location and relative
motion.

2. Luminance Range {Contrast) - The
extravehicular environment is marked
by a wider range of light intensities
than normally encountered on Earth.

4-2

Shifting gaze from a brighter to a sub-
stantially dimmer scene will require
time for the eyes to adapt to the lower
light level. For example, problems
arise on EVA missions when crew-
members go from working in sunlight
to working in shadows.

In Figure 4.2.2-1, adaptation time re-
quirements are shown for shifting gaze
from a brighter to a dimmer environ-
ment. For comparison, Figure 4.2.2-2
indicates luminance values for some
typical visual stimuli.

10

Adapting L- S

1 = 400,000 trolands
8 2= 38,900

3= 19,500

4= 3,800

5= 263

L.og microtrolands

0 10 20 30
Minutes in dark

Reference: 338, page 187

Figure 4.2.2-1. Dark Adaptation Thresholds

Scale of luminance
(mililambarts)
{

1010
Sun's surface at noon 10%  Damaging

102

107
Tungsten filament 108

105
White paper in sunkight 104 p-Phototopic

103

102
Gamiartabla reading 10

1 Mixed

10+
White paper in moonlight  10-2

103
White paper in starkight 104 Scotopic

105 S
Abeciuta thrashoid 106 s

]
=

Refererce: 337, page 26

Figure 4.2.2-2. Luminance Valuss for Typical
Visual Stimuii

40
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d. Absence of Other Earth Cues:

1. Absence of a Fixed Vertical Orienta-
tion - Recognition of familiar objects,
faces, and areas (e.g., workstation) is
poorwhen viewed from an orientation
significantly different from the estab-
lished vertical. The viewer must be
oriented within approximately 45
degrees of this vertical to perceive the
surroundings in a relatively normal
fashion. This fact argues for the estab-
lishment of a local vertical for each
living and working area within a
space module.

2. Absence of Fixed Horizon and its
accompanying foreground and back-
ground cues can be expected to
degrade extravehicular perception of
object shape, distance, location and
relative motien.

3. Absence of a fixed, overhead sun
position and its effects on shadow cues
is expected to have similar effects as
those in 2 (above).

e. Light Flashes - The perception of light
flashes has been reported by many crew-
members during periods of darkness at
specific orbital locations. The cause is
thought to be cosmic rays and/or heavy-
particle radiation traversing the head or
eyes and triggering a neural response that
results in these perceptions.

f. Potential deficits - While visual percep-
tion in space is normal in many respects,
there are reports of various changes in
vision (some of them contradictory) that
point out the complex consequences of the
above factors. These include Soviet
reports of a shift in perceived colors and a
reduction in contrast sensitivity, along
with a seemingly contradictory report in-
dicating improved visual acuity for distant
objects. Some U.S. astronauts have indi-
cated a reduction in near acuity with no
apparent change in far acuity, while some

4-3

crewmembers who wear reading glasses
on Earth found they were more depend-
ent on them while in space. Clearly, more
research is needed before we can say more
about these effects,

4.3 AUDITORY SYSTEM
{A}

4.3.1 Introduction
(A}

There is no evidence that human auditory
functioning changes in space. However, there
are several factors (e.g., the effects of noise)
that should be considered in designing the
space habitat.

{Requirements pertaining to acceptable
noise levels are described in Paragraph 5.4.3,
Acoustic Design Requirements.)

4.3.2 Auditory System Design

Considerations
{A)

4.3.2.1 Auditory Response
{A)

Figure 4.3.2.1-1 shows human auditory
responses as a function of frequency.

4.3.2.2 Noise Design Considera-
tions
(A}

Noise can have many adverse effects on
humans and must be considered when design-
ing the human habitat. Considerations in-
clude:

a. Extreme Noise - Extreme noise can
cause pain and temporary or permanent
hearing loss. The adverse effects of pure
tones occur at a level about 10 dB lower
than for broadband noise.

b. Extended Exposure - Exposure to loud
noise for extended periods of time can
cause permanent hearing loss. The degree
of exposure that will result in damage
depends on intensity and individual sus
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Figure 4.3.2.1-1. Human Auditory Response as a
Function of Frequency

ceptibility. f. Adverse Effects - General effects of a
noisy environment include fatigue, dis-
tractibility, sleep disturbance, irritation,

and aggressive behavior.

(Refer to Paragraph 5.4.3.2, Noise Ex-
posure Limits, for additional information.)

¢. Communication - Even low levels of
noise can interfere with communication.

(Refer to Paragraph 5.4.3.2, Noise Ex-
posure Limits, for additional information.)

(Refer to Paragraph 5.4.3.2, Noise Ex-
posure Limits, for additional information.)

d. Task Complexity - Noise can adversely
affect performance, with the effects being
greater for more complex asks.

e. Intermittent Noise - Intermittent noise
has more adverse effects than steady-state
noise.

. Psychological Factors - The level of an-
noyance that noise produces depends on a
number of factors. Sensitivity varies
greatly among individuals.

1. People are generally less sensitive to
noise related to their well-being.

2. People are more sensitive to unpre-
dictable noise.

3. People are more sensitive to noise
they feel is unnecessary.
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4. People who are most sensitive to
noise become increasingly disturbed
as the noise persists, whereas the an-
noyance level of less sensitive in-
dividuals remains constant over time.

5. The perceived abrasiveness of cer-
tain sounds is subjective and varies
considerably among individuals (e.g.,
consider the potential conflict be-
tween opera and rock music lovers).

h. Cabin Pressure - Reduced cabin pres-
sure causes a reduction in sound transmis-
sion, This means that crewmembers have
to talk louder to be heard which can poten-
tially lead to hoarseness on the part of
some crewmembers. The problem be-
comes more noticeable as the distance
between individuals increases,

(Refer to Paragraph 5.4, Acoustics, for
additional information.)

4.4 OLFACTION AND TASTE
{A)

4.4.1 Introduction
{A)

Changes in our senses of smell and taste
might occur in space. These changes are
described below.

4.4,2 Olfaction and Taste

Design Considerations
(A}

4.4.2.1 Olfaction
(A}

Aspects of olfaction (smell} that could in-
fluence design are presented below.

a, Decreased Sensitivity - There are fre-
quently reported problems with nasal
congestion whileliving in the microgravity
environment.

4.5

b. Adverse Effects - Unpleasant odors have
been associated with a number of medical
symptoms including nausea, sinus conges-
tion, headaches, and coughing. Such
odors also contribute to general an-
noyance.

¢. Microgravity Odors - Because particu-
late matter does not settle out in a weight-
less environment, odor problems in a
space habitat may be more severe than
under similar Earth conditions. Circula-
tion and filtering will influence the extent
of the problem.

d. Visual Cues and Odors - Responses to
odors can be accentuated by the presence
of visual cues. This increased responsive-
ness applies to pleasant and unpleasant
odors and is something that a designer
could potentially put to good use.

4.4.2,2 Taste
{O}

Generally there is a decrement in the sense
of taste in microgravity. This is probably
caused by the upward shift of body fluids and
accompanying nasal congestion. Reports in-
dicate that food judged to be adequately
seasoned prior to flight tasted bland in space.
Given the important role that food is likely to
play in maintaining morale on extended space
missions, attention should be paid to this
problem.

4.5 VESTIBULAR SYSTEM
(A)

4.5.1 Introduction
(A}

Microgravity results in two categories of
vestibular side effects: spatial disorientation
and space adaptation syndrome (space sick-
ness), both of which can impair crewmember
performance.
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4.5.2 Vestibular System Design

Considerations
{0}

4.5.2.1 Spatial Disorientation
(O}

Spatial disorientation is experienced by
some crewmembers and should be considered
in the design of hardware and the planning of
missions.

a. Spatial Disorientation - Responses in-
clude postural and movement illusions
and vertigo. For example, stationary
crewmembers may feel that they are tum-
bling or spinning. These illusions occur
with the eyes open or closed.

b. Frequency of Occurrence - The percent-
age of crewmembers who experience spa-
tial disorientation varies from mission to
mission, but averages approximately 50%.
The conditions that determine the
likelihood and intensity of this disorienta-
tion are not well understood.

¢. Duration - Some crewmembers may eX-

perience spatial disorientation for the first
2 to 4 days of a mission.

d. Activity Schedule - While spatial dis-
orientarion need not cause any serious
problems, it is advisable not to schedule
activities that depend heavily on spatal
orientation early in a mission.

4.5.2.2 Space Adaptation
Syndrome
{O}

Aspects of space adaptation syndrome
(SAS) relevant to the design of space modules
and mission planning are presented below.

a. Symptoms - SAS symptoms range from
stomach awareness and nausea to
repeated vomiting. Symptoms also in-
clude pallor and sweating.

b. Incidence and Duration - It appears that
approximately 50% of the crewmembers
are affected by SAS. Symptoms last for the
first 2 to 4 days of flight.

¢. Performance Decrements - A highly
motivated crewmember may be able to
maintain a high level of performance
despite the presence of mild SAS. How-
ever, if motion sickness is severe, some
crewmembers will be unable to work until
the symptoms lessen.

d. Cause - The leading theory as to the
cause of SAS is the sensory conflict theory.
This theory states that space sickness oc-
curs when patterns of sensory input to the
brain from different senses (vestibular,
other proprioceptive input, vision) are
markedly rearranged, at variance with
each other, or differ substantially from
expectations.

e. Volume Effects - The severity of SAS
tends to increase as the motion which
induces sensory conflict and sickness (par-
ticularly head movements in the pitch and
roll modes) increases. It follows then that
as the volume in which a crewmember is
working becomes larger, the chances for
this sickness inducing motion increases.

f. Space and Motion Sickness - It is as-
sumed that the mechanism of SAS and 1-G
motion sickness are similar, but are
similar, but it is not possible to predict an
individual’s susceptibility to space sick-
ness from their susceptibility to Earth mo-
tion sickness.

g. Space Sickness Countermeasures.

1. Drugs - Anti-motion sickness phar-
maceuticals (usually Scopedex) have
reduced the severity of SAS symptoms
for some crewmembers, but have ap-
peared to be ineffective for others. It
is likely that they would be more
universally effective if they were ad-
ministered prophylactically, either by
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injection or orally. The drug should be
taken before symptoms develop and
absorption from the gut is severely
hampered due to the cessation of
propulsive motions of the stomach., If
a swallowed drug becomes trapped in
the stomach, little absorption will take
place,

2. Head movements - In some cases
restricting head movements has been
found effective in reducing the in-
cidence of, and ameliorating the
symptoms of, space motion sickness.

4,6 KINESTHESIA
{A}

4.6.1 Introduction
(A}

Kinesthetic is the sense mediated by end
organs located in muscles, tendons, and joints,
and stimulated by body movements and ten-
sions. Present knowledge of kinesthetic chan-
ges occurring when one enters microgravity is
limited to estimation of mass and limb posi-
tion sense.

900

4.6.2 Kinesthetic Design
Considerations
{0}

One experiment has indicated that some
kinesthetic sensitivity degradation occurs for
a few crewmembers. The indications of this
experiment are provided below.

a. Mass Versus Weight - In a weightless
environment, increments in mass must be
at-least twice as large as weight incre-
ments in a-1-G environment before they
can be discriminated (see Figure 4.6.2-1).

b. Barely Noticeable Differences - For two
masses to be perceived as different under
microgravity conditions, they must differ
by at least 10% (see Figure 4.6.2-1).

¢. Mass and Acceleration - Differential sen-
sitivity for mass under microgravity condi-
tions can be improved by increasing the
acceleration force imposed on the object.

d. Mass Estimation - Absolute judgements
of mass tend to be lower under
microgravity than under 1-G.

800 b Mass = ee e
700 J- Weight see—e—
500
5001
4004
300}

200
100+

Mean DL and 1 SD, grams

0 1000

Standards, grams

Reference: 78, page 1-90

§000 7000

MSIS-196

Figure 4.6.2-1. Mean Difference Thresholds {DL) and Associated
Standard Deviations (S8D) Plotted for Each Standard
Under Bath Weight and Mass Conditions
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4.7 REACTION TIME

(A}

4.7.1 Introduction
{A}

There appears to be some slowing of reac-
tion times in space, although little precise data
are available.

The subject of this Section, 4.7.2, is actual-
ly Response Time. This time period consists
of two phases: 1) Reaction Time which is the
time between the presentation of a stimulus
to a subject and the beginning of the response
to that stimulus, and 2) the time during which
the actual response to the stimulus is ac-
complished. It is believed that this section is
actually referring to Response Time and the
titles and references should be changed ac-
cordingly. However, Reaction Time should
not be slowed in micro-gravity as it has more
to do with motivation and the effects of
microgravity on the subject’s physiological
and emotional states. A good definition of the
difference between Response Time and Reac-
tion Time would help in the solution of this
dilemma.

4.7.2 Reaction Time Design
Considerations
{0}

Information on reaction time that should
be considered by designers is provided below.

a. Object Mass - The time required to move
an object in microgravity increases as the
mass of the object increases.

b. Control Operation - In microgravity, the
speed of operating switches (pushbuttons,
toggles, rotary switches) is significantly
lower than in the 1-G condition.

(Refer to Ref. 171 for more information on
visual reaction times; and Ref. 347, for 1-G
muscular-reaction time information.)

48

4.8 MOTOR SKILLS (Coordina-

tion)
{0}

{O)

There is a minor impairment of motor
skills upon first entering microgravity. This
decrement is reduced or eliminated after a
short period of adaptation.

4.8.2 Motor Skills (Coordina.
tion) Design Considerations
(0}

Aspects of human motor skills in space
that should be considered by individuals
designing for space are provided below,

a. Adaptation Period - Motor skills are
somewhat affected when crewmembers
are first exposed to microgravity, al-
though these effects tend to diminish or
disappear with adaptation. During the
period that the crew is adapting to
microgravity, fine motor movements are
more adversely affected than either
medium or gross motor movements,
Designers should minimize requirements
for crewmembers to exercise fine motor
control early in the mission. Switches
should be easy to manipulate and care
should be taken to preciude accidental
activation.

During periods that motor coordination is

adapted for the micro-g environment,
short returns to an altered g-state (as in
reentry, maneuvers, landings, etc.) may
result in dyskinesia and dysmetria. This
can cause undershooting when reaching
for switches for buttons or applying force
to control sticks, pedals, knobs, handles,
etc.

b. Postural Changes - A change in body
posture in microgravity results in a change
in the relative position of body parts and
can cause decrements in coordination
until adaptation occurs. Changes in body
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posture result from the crewmembers as-
suming the increase in height due primari-
ly to spinal column expansion.

(Refer to Section 3, Anthropocentric and
Mobility, for additional information on
microgravity posture.)

¢. Body Part Weight - When moving in
microgravity, the muscular system does
not have to compensate for the weight of
body parts. This changes the muscular
forces required for coordinated movement
and requires the system to readapt.

d. Large Mass Handling - When properly
planned, no difficulty has been en-
countered by crewmembers in moving
large masses in a microgravity environ-
ment.

4.9 STRENGTH
{A}

4.9.1 Introduction
{A)

Physical work can be divided into two
parts: power and endurance (anaerobic and
aerobic performance).

The next section addresses the first of
these (power), and how it can influence the
design of facilities and equipment to achieve
optimal crewmember performance. (En-
durance is addressed in Paragraph 4.10.2a).

4.9.2 Strength Design Considera-
tions
{A)

Aspects of human strength that should be
understood and considered in designing for
the space environment are presented below.

a. Strength - Strength is the ability to
generate muscular tension and to apply it
to an external object through the skeletal
lever system. Sheer muscle mass (thus,
body size) is a significant factor, with
cross-sectional area of the muscle fibers

4-9

being a major determinant of the maxi-
mum force that can be generated. Maxi-
mum muscular force (strength) can be
exerted for only a few seconds.

b. Muscular Endurance - Muscular en-
durance is the duration a submaximal
force may be held in a fixed position
(Isometric), or the number of times a
movement requiring a submaximal force
may be repeated (Isotonic). The duration
that a fixed percentage of maximum can
be held is reasonably constant across in-
dividuals.

c. Counterforces - Microgravity does not
have certain counterforces that allow
people to effectively perform physical
work in 1-G. Traction which depends on
body weight is absent, as are forces that
result from using body weight for counter-
balance.

d. Working While Restrained -
Crewmembers’ work capabilities while
restrained can approach the efficiency ex-
perienced on Earth-based tasks, but only
where workstation design (including
fixed and loose equipment) and task pro-
cedures are optimized for the microgravity
environment.

e. Working Without Restraints - Without
proper restraints, a crewmember’s work
capabilities will generally be reduced and
the time to complete tasks increased.

f. Improved Performance - There are
situations where a crewmember can
achieve improved strength performance in
microgravity. These situations occur when
the crewmember uses the greater
maneuverability of microgravity to
achieve a more efficient body position to
be able to push off solid surfaces.

g. Deconditioning - Experience in space
indicates that both the strength and
aerobic power of load bearing muscles in
crewmembers decreases during missions
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exposing them to microgravity. Exercise
programs have been used to counter these
deficits but to date have been only partial-
Iy effective.

(Refer to Paragraph 7.2.3, Reduced
Gravity Countermeasures, for information
on maintaining strength in space.)

h. Kinematics - The linear motion of free-
floating crewmembers can be described by
relatively simple equations. The time
crewmembers can exert force is governed
by the distance they can push before losing
physical contact. The force exerted during
this time will typically vary as in Figure
4.9.2-1.

The important aspects of this curve are the
impulse (O FAdt, or the area under the
curve), which will determine departure
velocity; and the peak force, which will
determine peak acceleration. In the
simplest case, for a subject of mass m, an
impulse I with a peak force F acting
through the subject’s center of mass will
result in a velocity

v=1/m wherevisinfi/x, Iisin IbfAs,
and m is in slugs; or vis in m/x, Iis in NAs,
and m is in kg and a peak acceleration

a=F/m  where a is in ft/s2, F is in Ibf,
and mis in slugs; oraisin m/s2, Fisin N,
and m is in kg.

In reality, of course, an impulse will rarely
go exactly through the center of mass to

- Ppak Forge

MBI8 350
Asv. A

Time

figure 4.9.7-1 Representation of Foree

Gonsrated by Fras-Floating
Lrowmambear Pushing OFF
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produce pure linear motion. For any of-
fset of the force from the center of mass, a
percentage of the impulse will go toward
producing angular (tumbling) motion,
with a corresponding decrease in linear
velocity. This percentage depends on the
offset distance and the subject’s moment
of inertia. (Moment of inertia varies con-
siderably with body position, and so is
difficult to analyze parametrically, but
there will be some tumbling in practically
all cases.)

Figure 4.9.2-2 shows the time that a par-
ticular force can be exerted as a function
of the magnitude of the force exerted, the
mass of the individual, and the distance
pushed. The velocity that the crewmem-
ber will have as they lose contact with the
surface is also given.

4.9.3 Strength Design Requirements
{A)

Strength data that shall be used to guide
design work are provided below. The weakest
crew member in the specified design population
shall be accommodated.

(Refer to Ref. 16 for additional data on 1-G
strength.)

a. Grip Force:

1. Grip strength, as a function of the size
of the gripped object, is provided for men
inFigure 4.9.3-1.

2. Maximum grip strength for men (5th,
50th, and 95th percentile) is given in Fig-
ure4.9.3-2.

3. Grip strength for females is shown in
Figure4.9.3-3.

b. Arm, Hand, and Thumb/Finger Strength -
Figure 4.9.3-4 presents arm, hand and
thumbifinger strength for fifth percentile
males. These figures must be corrected for
females (see Figure 4.9.3-5).
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Time of force application and push-off velocity

(85th percentile American male — 99,3 kg (219 Ib))

Timeinsec. | Push-off Time in sec. Push-oft

Force for 0.3 m {1 1) | veiocity for0.6m (2ft) | velocity

N (ib) push-off m/sec push-off m/sec

{ft/sec) (ft'sec)

4.45 (1)] 3.68 0.16(0.52) | 5.18 0.23 (0.75}
22.25 (%) 1.64 0.37(1.21) 2.31 0.52 (1.71)
4450(10)| 1.18 052(1.71) | 164 0.73 (2.40)
89.00 (20) 0.82 0.73(2.40) 1.16 1.04 (3.41)

Time of force application and push-off velocity
(72.6 kg (160 Ib) individual)
Timeinsec, | Push-off Tima in sec. Push-off
Force |for0.3m(11t) | velocity for0.6m (21) | velocity
N{lb) | push-off m/sec push-off m/sec
{f'sec) (t/sec)
R e

445 (M| 312 0.19(0.63) | 4.42 0.27 (0.89)
22.25 (5) 1.40 0.43(1.41) 1.98 0.81 (2.00)
44,50 {10) 0.99 0.61 (2.00) 1.40 0.86 (2.82)
89.00 (20} 0.70 0.86(2.82) 0.98 1.21(3.97)

Time of force application and push-off velocity
(5th percentile Japanese female — 40.3 kg (83 b))
Timein sec. Push-off Time in sec. Push-off
Force | for0.3m (1ft) | velocity for0.6m (21t} | velocity
N(b) | push-off m/sec push-oft m.sec
(tsec) (ft/sec)

445 (1) 2.33 0.26 (0.85) 3.30 0.36(1.18)

2225 (5| 1.04 0.57 (1.87) 1.47 0.81 (2.66)
44 50 (10) 0.74 0.82 (2.69) 1.04 115377 5
89.00(20) 0.52 1153.77) 0.74 1.63 (5.35) (';') <
D
Reterence: 335 2
Note: Please be aware that all of the above data was gathered

under l-g conditions.

Hgure £97-2 Force Application and Fush-Off Veloeity
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5 12.7 {5} )
g $ 10.18 {4) .
£Z
=33
Bck 6.35 (2.5} —
£83
g §-E' 3.81 (1.5) 1 §
U2 ti)
L g ] T L) L3 ¥ T ¥ L] 1 g
0 {20} (s0) (BO) (80} (100} {120) (140}
88.0 1779 2669 3558 4448 5338 6227
Grip strength, N {Ib)
Refarence: 1, page 2.5-19
Note:
44 subjects, all pilots
or avistion cadets
Figure 4,9,3-1, Male Grip Strength as a Function of the
Separation Between Grip Elements
Percentiles, N {Ib)
50th or Population
Population Sth mean g5th S.D.
U.S. Air Force personnel, aircrewmen:
Right hand 467 (105) 596 (134) | 729(164) 80.1(18.0)
Left hand 427 (96) 552{124) | 685(154) 71.2(16.0})
Retferance: 1, page 2.5-18
Figure 4.9.3-2. Grip Strength for Males
Parcentiles, N (Ib)
Population
Population Sth 50th §5th 8.0,
Y. 5. Navy personnel
Mean of both hands 258 (58) 325 (73) 387 (87) 39.1 (8.8}
U. 8. Industrial workers: o
Preferrad hand 254 (57) 329 (74) 405 (91) 45.8(10.3) g
7
=

Refarence: 1, page 2.5-18

Figure 4.9.3-3. Grip Strength for Females
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Am strength (N)

(1) (2} 3} (4) (5) (6) )

f?ee:gée% rcg ‘;a)lbow Pull Push Up Down n Qut
N
|5 R™ L ) L R L R L R L R

b 222 | 231 187 222 40 62 58 78 L) 89 36 62

861 187 | 249 133 187 87 80 80 89 67 89 36 &7

23N 151 187 116 160 76 107 83 118 89 98 45 67

2n 142 165 g8 160 76 89 93 116 71 20 45 71

1/3n 16 | 107 96 151 67 Bg 30 a9 76 £9 53 76
) Hand and thumb-finger strength (N}
{8) {9} (10}
Hand grip
L H Thumb-finger grip (Palmar) Thumb-finger grip (tips)
Momentary hald 25Q 260 60 60
Sustained hold 148 155 35 35
* Elbow anF?ie ﬁhown in radians
** L= Lett; K = Right
Amm strength {ib)

(1) (2) (3) (4) (5} (8) {7
l[,)egree gé elbow Pyl Push Up Down In Cut
flexion (deg) Lt | R L R L R L R L R L R

180 50 52 42 50 9 14 13 17 13 8 14

150 42 56 30 42 15 18 18 20 15 8 15

120 a4 42 26 36 17 24 21 5 20 22 10 15

e o] 32 7 22 35 17 20 21 26 16 18 10 18
80 26 24 22 34 15 20 18 20 17 12 17
Hand, and thumb-finger strength {Ib)
(8) (8) )
rand grip
L ] Thumb-finger arip (Palmer) Thumb-finger grip (tips)
Momenlary hold 56 59. 13 13
Sustained hold 33 35 8 8
* Lett; B = Right

Referenee: 2, page 113

Figure 4.8.3-4. Arm, Hand, and Thumb/Finger Strength (5th Percentile Male Data)
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¢. Male/Female Muscular Strength - Figure
4.9.3-5 provides a comparison of male and
female muscular strength for different muscle
groups. These data allow a more accurate
extrapolation from male to female strength
data than is provided by the old method of
assuming females have two thirds the strength
of men.

(Refer to Ref. 16 for more detailed
malelfemale comparison data.)

d. Static Push Force - Maximal static push
forces for adult males are shown in Figure
4.9.3-6. While these data were collected in a
1-G situation, the fact that they do not depend
on friction resulting from body weight makes
them applicable to microgravity. Corrections

will have to be made for females (see Figure
4.9.3-5).

e. Leg Strength - Leg strength for the Sth
percentile male as afunction of various thigh
and knee angles is reported in Figure 4.9.3-7.
Estimates of female leg strength can be made
from these data using the correction factors
provided in Figure 4.9.3-5.

f. Torque Strength - Maximum hand torque
data are provided in Figure 4.9.3-8.

4.10 WORKLOAD
{A}

4.10.1 Introduction
(A3

This section covers workioad considera-
tions including aerobic power, aerobic en-
durance, and aerobic efficiency, as well as
design factors such as optimum workload, task
selection, and task complexity..

4-14

4.10.2 Workload Design
Considerations
{A}

Workload related factors that should be
considered when designing for optimum
crewmember performance are presented
below.

a. Endurance (Aerobic Power) - Two com-
plex factors determine the limits of an
individual’s capacity to produce work and
generate the requisite power. One of these
is the capacity to sustain output over a
period of time (this is a function of aerobic
power). The second is strength {discussed
in Paragraph 4.9).

1. Aerobic power - Aercbic power is
the total power that an individual
generates. It is related to usable power
output by an efficiency factor (see "5"
below). Aerobic power is expressed as
volume of oxygen used per unit time.
It is also commonly expressed in food
calories oxidized per unit time, when
referring to workload for a given task.

2. Resting metabolic rate - At rest (zero
external workload), the ratio of
oxygen consumed to body mass has
been found to be quite consistent
across individuals [3.5 ml/kg/min
(0.1 in3/1b/min)] and is called the
resting metabolic rate or 1 MET.

3. Maximum aerobic power - An
individual’s maximum aerobic power
can range from two times the resting
rate for an invalid to 23 times for a
champion marathon. The average per-
son will have a maximum aerobic
power of 8 to 12 times resting metabo-
lic rate. As with rest, the energy
demands for a given workload are
reasonably consistent across in-
dividuals. Thus, their ability to per-
form becomes a function of the ratio
of their capacity to the demand.




Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Totai body
strength

Upper
extremities
strength

Lower
extremities
strength

Trunk
strength

Dynamic
strength

MSIS-2n4

Percent 0O

Reference: 16, page VI11-50

Note:

10 20 30 40 50 60 70 80 90 100

Female strength as a percentage of male strength for
different conditions, The vertical line within each

shaded bar indicates the mean parcentage difference.
The end points of the shaded bars indicats the range.

Figure 4,.9.3-5, Comparison of Female vs. Male

Muscular Strength

1

Forca-plate (1) . Forca. N (Ibf)

hﬂighl Distances (2) Means P

Both hands

100 parcent 50 583 (131) 142 (32)

of shoulder &0 667 (150) 160 (36)

height 70 983 (221) 271 (B1)
80 1285 (289) 400 (30)
90 879 (220) 302 (68)
100 645 (145) 254 (57}

Prolsrrad hand

50 262 { 59) 67 (15)
80 298 { 67) 7t {16)
70 360 { 81} 98 (22)
80 §20 (117} 142 (32)
20 494 (111) 169 (38)
100 427 { 98) 173 (39)
Parcent of thumb-tip
reach *

100 parcont 50 369 { 43) 138 (31)

ol shoulder 80 347 (78) 125 (28)

height 70 520 (117) 165 (37
80 707 (158) 191 (32)
a0 3% (1) 133 {303
Percent of
span **

Refarence: 1, page 2.5-5, -6

Figure 4.9.3-6. Maximal Stalic Push Forces

4-15

MSiS-205
1ol2



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Percent of shoulder height
1

Forca-plate {1) . Force, N (Ikf)

height Distances (2) — SO
50 100 774 (174) 214 (48)
50 120 778 {175) 165 (37}
70 120 618 (184) 138 (31)

1-g applicable data
]

Reference: 1, paga 2.5-5, -B

Notes:

Fgure L47-L Havimal Static Fush Forces (Lontimred)

(1)Height of the canter of the forca plate — 200 mm (8 in.) high by 254 mm (10 in.} long — upon which force is applied.

(2) Horizontal distance betwaen the vertical surface of the force plate and the opposing vertical surface (wall or footrest,
respectively) against which the subject brace themselves.

* Thumb-lip reach — distance from backrest to tip of subject's thumb as thumb and fingertips are pressed together,

** Span - the maximal distance betwen a person’s fingertips as he extends his arms and hands to each side.

) 19 data

4-16

Figure 4976 Haxima/ Stalic Fush Forces (Lontimued]
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Thigh angla (0

-15 -g°

-

+5 and 10°
15 —19°
33 —36°

el

48 —49°

5th Percentile nsaximum push, N

Limiting angle

l—- Knes straight

0 L 1 L
60 80 100 120 140 160 180
Knee-angle {8}, degreas

Reference: 2, page 115

Figure 4.9.3-7. Leg Strength at Various Knee and Thigh Angles (5th Percentile Male Data)

Unpressurized suit,

bare handed
Mean sSD
M Maximum
torque: 13.73 3.41
Suppination, (121.53 (30.13
Nm (Ib-in.)

—~ ; Maximum
| torque: 17.39 %.08
Pronation, (153.9) (45.0)

Nm (lb-in.)

Referance: 1, page 2,5-20

MSIS-207
REV. A

Figure 4.9.3-8. Torque Strength
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4. Aerobic endurance - Aerobic en-
durance is a function of the
individual’s maximum aerobic power,
and determines how long an in-
dividual can perform tasks of
moderate to heavy intensity. Maxi-
mum effort can be maintained for only
a few minutes, while up to 40% of
maximum can be maintained over an
8-hr work shift with typical rest breaks
(see Figure 4.10.2-1). Most people
would judge work requiring 40% of
their maximum aerobic capacity as
"moderate” to "heavy", but tolerable
for 8 hours. Tasks that may be per-

formed by any of a number of crew-
members should keep metabolic ener-
gy requirements 10 to 20% lower than
that which would be considered
tolerable by the least fit of the users.

5. Aerobic efficiency - In a shirt-sleeve
environment on Earth, human ef-
ficiency ranges from approximately
35% to below 10%, depending on
specific movement patterns. In cy-
cling, for example, the human has an
efficiency of about 21%. Thus, the use-
ful power output for an individual ex-
pending 500 keal/hr cycling would be

Aerobic endurancs: duration and workload
Percent of 8 i i i
individual's Crewmember i rlr:rl;ﬂiglmln :2 r::tﬁ;g/mm o8 mngimm
N hax Duration?  mass? cal/hr cal/hr keal/hr
o2 (Btu/hr) (Btumr) (Btuthr)
100 5 min 54 454 (1800) 680 {2700) 907 (3500)
74 622 (2470) 932 (3700) 1243 (4930)
90 30 min 54 409 (1620) 621 (2470) 816 (3240)
74 560 (2220) 839 (3330) 1119 (4440)
8¢ 60 min 54 363 (1440) 544 (2180) 726 (2880}
74 498 (1980) 746 {2960) 594 (3950)
50 3.5 hr 54 227 (800) 340 (1350) 454 (1800)
74 311 (1230) 466 (1850) 622 (2470)
40 8.0 hr 54 182 (720) 272 (1080) 363 (1440)
74 243 (990) 373(1480) 497 (1970)

Reterence: 351

Notes:

1 Vo = aerobic power {consumed volume of D per unit time)
Exemplary fitness levels:
28 mL/kg/min (C.78 in3 /lb/min) would be considered *fair” for the general female population and
is below the average of the U.S. female astronauts selected 1o date.
42 mb&kg/min (1.16 in3 Ab/min) would be considered "average™ for males and approximates the
average for U.S. male astronauts selected to date,
56 mLskg/min (1.55 in3 /b/min) would be considered “high” for males and is well above average
for the U.S. male astronauts selected ta date.
2 Nominal durations that individuals can maintain aerobic power levels as percent of their
maximums. Durations greater than one hour nermally require 10 minutes rest per hour,
greater than 4 hours a "lunch (rest) break" of approximately one hour.
3 Upper values assume a person of 54 kg (120 |b) and lower values one of 74 kg (163 Ib),
Rate of calorie expenditure (kealihr) that can be maintained as tolersble jor the
corresponding duration.

(NOTE: EVA activities have averaged about 230 kealhr)

MSIS-208

Figure 4.10.2-1. Aerobic Endurance: Duration and Workload
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122 W rather than the 581 W that
would result from 100% efficiency.
Most of the wasted energy results in
metabolic heat that must be dissipated
by the person.

b. Optimum Workloads - It is important to
try to maintain work loads that are close
to optimum for each individual. This is
especially true on longer duration flights.
Optimum work loads mean not only to
avoid overloading the individual but also
not to underload them. Both of these con-
ditions have been shown to lead to
decreased performance.

¢. Biomedical Changes - Biomedical chan-
ges, such as diminished musculoskeletal
strength and reduced cardiac activity, can
adversely affect work capacity. Inflight
decrements in exercise capacity approach-
ing 10% have been observed in some
astronauts. These effects are likely to be
more severe on longer missions and
should be controlled to the extent possible
by inflight countermeasures such as exer-
cise and diet.

d. Workload Prediction - It should be
noted that a preponderance of evidence
from previous flight experience implies
several mechanisms which contribute to
the difficulty of predicting workloads and
task times during missions. These
mechanisms include:

1. Effects of Space Adaptation
Syndrome. These tend to increase
task times due to the tendency for
affected crewmembers to limit head
motions. The effects are particularly
evident during activation phases in-
volving unstowage and frequent
movements within the spacecraft, and
are less evident with fully adapted
crewmembers after the first few days
in orbit.

4-19

2. Effects of Inappropriate Worksta-
tion Design - As noted in paragraph
4.9.2.d., workstation design can either
support or confound task performance
microgravity, with task difficulties
ranging from "slightly easier" to "sig-
nificantly more difficult" than the
same task performed in one-g,
depending on the success of the
workstation design.

3. Proficiency Loss - Depending on the
criticality of a task and its occurrence
within the mission timeline, the length
of time since a particular task was last
performed in a training exercise may
be significantly greater than the time
between training sessions leading up
to launch.

4. Adaptation to Microgravity Opera-
tions - This is a steep but significant
"learning curve” associated with living
and working in microgravity which
often results in greatly decreased task
times for second and subsequent per-
formances of similar tasks as com-
pared with the initial performance.

These mechanisms act independently and
additively to increase task times, par-
ticularly during early portions of a mis-
sion. Designers and mission planners
should anticipate these changes and
should allow for task time increments of
from 25% to 100% compared with one-g
experience.

e. Task Complexity and Fatigue - Simple
tasks can be performed effectively at much
higher levels of fatigue than more complex
tasks. Thus, in designing the daily
schedules, it would be beneficial to place
the complex tasks during periods of least
fatigue.
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4.11 Effects of Deconditioning
{A}

4.11.1 Introduction
(A}

4.11.2 Effects of Deconditioning

Design Considerations
{A}

4.11.3 Effects of Deconditioning
Design Requirements
{A)

Figure4.11.3-1 presents design requirements
and constraintsfor accommodating deconditioned
crewmembers. In establishing these require-
ments, different levels of conservatism were ap-
plied to normal, and to backup/contingency
activities. Activities normally required for safe
return must assure success for highly decondi-
tioned crews. Activities associated with off-
nominal, low probability situations are based on
more optimistic estimates of crew capability. In
applying these requirements, the following must
be observed:

a. Crew activities and implementation
methods listed are not presented as require-
ments, but as a catalog of candidates for
which the crew may be used if the as-
sociated requirements and constraints are
met. If activities or implementation methods
not listed herein are intended, they must be
submitted to the emergency vehicle Project
Office for approval and subsequent incor-
poration into this document.

b. For design purposes, deconditioning ef-
fects are assumed significant only during
reentry and sitbsequent mission phases. For
operations prior to entry interface (0.2g),
other sections of this document are to be ap-
plied without derating for deconditioning.

4-20

¢. All crewmembers will remain in their
couches or seats appropriately restrained,
throughout reentry and landing. After land-
ing, the crew will not be required to leave
their couches or seats or release their
restraints until the vehicle is upright. For
nomiral mission, post landing activities
must not require the crew to stand without
assistance by ground personnel.

d. The crew shall not be required to per-
form any tasks during transient environ-
ments associated with parachute opening or
disreefing, landing retrorocket firing, or
landing impact.

e. "Not accommodated” as used in Figure
4.11.3-1 specifies that the crew shall not be
required to perform the activity. This does
not necessarily imply that the crew is not
able to perform the activity.

Ff. Post Landing items 10 thru 14 are con-
sidered off-nominal/non-routine activities,.
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Design Requirements/Constraints

Potentlal Crew —F
Environment
Activityimplementation 2 <gx<2 2 gx<a
. | Displays must be withh 0. Dispieys must be within
1. Monltor displays: movement [mifs of Fg, 93112—2 movement imits of Fg. 9?.4.12—2

- Alphe~numeric
~ Grophlecl

— Anglo

- Dliscrete

with lafere! hecd movement of
+/-30 ond viewhg distonce miis
of 92422 o

b. Must not require lifting the head.

with loferal head movement of
+- 30 ond viewing distonce Tmits
of 92422 o

b, Must not require Mfiing the head,

2.Read checklist dete:
o. Computer screan
b, Hard copy

o See L g, 1b

b, Herd co?y must be within
vishbity imits of 2.0 end recch
envelope of 3.3.3.3.1 q,

o. See 1 o, 1b

b. Hard co§>y must be within
vishillty imlts of 2.0 and reach
envelope of 3.3.3.31 a,

3. Actucte discrete
controls:

- Toggle

- Pushbutton

- Keyboard

~ Rotary

¢.Controls must be within vishlity
imits of 1a or meet the blind
operction reguirements specified
in 9.3.31 g ond within rech
envelope of 3.3.331 a,

b, Keystroke requirernents should
be minimized.

a.Controls must be within visiblity
fimits of 1@ or meet the blind
operafion reculrements specifled
in 9331 g and within rech
envelope of 33.3.3.1 ¢,

b. Keystroke requirements should
be minimized.

4. Actucte anclog
controls:

o, Rotary

b, Linear

a. See 3.0

b. Specific appllcatlons must be
opproved.

o. Specific applicafions must be
approved,

b. Specific cpplications must be
approvad.

5. Communlcate with
Mlsalon Control & SAR:
oX

a,
b. FIT

o. No constraints.
b. See J.0.

a. No constraints.
b. See d.a.

6. Monif_or Physical

cuas:

a. Vahicle motlon

b. Aurcl (clarms)

¢. Aural {aquipment
oparu}o%

d. Out the window
visug

o. Not cccommocated.

b. Aurgl clerms must meet the
requirements spacifled in 9.4.4,

¢. Specific cppllcations must
be cpproved,

d. Specific cpplications must
be opproved.

4. Not cceommodated.

b, Aurcl clarms must meet the
requirements specifled In 9.4.4,

. Not accommodated.

d. Not accommodated.

7. Monitor patient:

a. Direct visual
observation
of potient

b. Monitor medical
support equipment

a. AHendaont must be able o
directly view the full side view
of the patlent from the walst
up within the head ond eye
movement specifled h 9.24.2.2¢

b he medicel support eguip.
must be visble within the fleld

of view specified In 9.2.4.2.%

a. Attendont must be cble o
directly view the full side view of
the patient from the welst up
within the head cnd eye
movement specified In 9.2.4.2.2c,

b. Not cccommodated.

Figure 4.11.3-1 Capabilities of a Deconditioned Crew (continued)

Re-entry Through Final Descent
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Potantlal Crew
Activity/
implementation

Design Requirements/Constraints

Environment

1g Upright

1g Inverted

1. Monilor displays: a. Displays must be within eye and a. Displays must be within eye and
- Alpha-numeric head movement limhis of head movement limits of
- Graphical 9.2.4.2.2.c., and viewing distance 9.2.4.2.2.c, and viewing distance
- Analog limits of 9.2.4.2.2.a. Rapld head limits of 9.2.4.2.2.a. Rapid head
- Discrete movement should not be movement should not be required.
required.
2. Read checkiist data: a. See la. a. See 1.a,
a. Computer screen
b. Hard copy b. Hardcopy must be within visibility b. Hardcopy must be within visibility
limits of 2.a, and reach envelope of limits of 2.a, and reach enveiope of
3.3.3.3.1.a. 3.3.3.3.1.a,
3. Actuate discrete controls: | a. Controls must be within visibility limits ja. Controls must be within visibility limits
- Toggle of 1.a or meet the blind operation of 1.b. or meet the blind operation
- Push button actuation requirements of 9.3.3.1.g. actuation requirements of 9.3.3.1.9.
- Keyboard and within reach envelope of and within reach envelope o
- Roftary 3.3.3.3.1.a 3.3.3.3.1.a.
4. Actuate analog controls: |a. See 3.a. a. See 3a.
a. Rotary
b. Linear b. Specific applications must be b. Speclikc applications must be
approved. approved.
5. Communicate with a. No constraint. a. Crew must be restrained in couch
Mission Control & SAR: or seat.
a. Vox b. No constraint. t. Crew must be restrained in couch
b. PTT or sgat.
6. Monitor physical cues: a. Only inverted or upright attitude a. Only inverted or upright attitude
a. Vehicle motion determination is accommodated. determination is accommodated
b. Aural (alarms)
¢. Aural {equipment b. Aural alarms must meet the b. Aural alarms must mest the
operation) requirements specified in 9.4.4, requirements specified in 9.4.4.
d. Out the window Crew must be able to discemn cues Crew must be abia to discern cues
{visual) from couch or seat. from couch or seat.
c. Specific applications must be ¢. Specific applications must be
approved. approved.
d. Specific appiicalions must be d. Specific applications must be
approved. approved. Crew must be able to
discern cues from couch or seat,
7. Monitor patient a. No constraint. a. Attendant must be able lo directly
a. Direct visual view the full side view of the
observation of b. No constraint. patient from the waist up within
patient. the head and eye movement
b. Monitor medical specified in 9.2.422.¢.
support equipment.
b. Medical support equipment must

be visible within the field of view
specified in 3.2.4.2.2.¢.

Figure 4.11.3-1

Capabilities of a Deconditioned Crew (continued!

Post-Landing
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Potentlal Crew Design Requirements/Constraints
Activity/ Environment
lmglementatlon 1g Ugght | 1g Inverted
8. Adust medical a. No constraint. Not accommodated.

equipment and provide
medical assistancs to b. Attendant may exit couch or seat
patient. to provide assistance. The crewmember
must not be required 1o stand.

9. Assist patient in eating, ]a. No constraint. Not accommodated.
drinking and personal
hygiene. b. Attendant may exit couch or seat

to provide manual assistance.
The crewmember must not be

required to stand.
10. Oparate auxiliary a. Crew may exit couch or seat Not accommodated.
equipment, retrieve to perform activities.
supplies, and perform
personal hyglene b. Unrestrained mass should be less
functions, than 12 lbs.
¢. Control actuation must meet the
requirements specified in 9.3.3.
d. Crew strength capabilities should be
as specitied in 49.3.
e. Contingency operations which require
the crew member to stand must be
approved,.
. 11. Racontigure couches, a. Crew may exit couch or seat Not accommodated
seats or panels after to perform activity.
landing, Operate
lock/ release mechanism, |b- Unrestrained mass should be less
Raise or lower seat than: )
pan or equipment. - Dynamic (water) envir. - 12 bbs.

- Static (land} envir, - 20 tbs.

c. Restrained loads should not exceed
capabilities specified in 4.9.3.

d. Contingency operations which require
the crew member to stand must be
approved.

MSIS460C

Rev. B

Figure 4.11.3-1 Capabilities of a Deconditioned Crew [continued}
Post-Landing
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Potential Crew Design Requirements/Constraints
Activity/ Environment
implementation 111 Upright 19 Inverted
12. Open hatch / Operate a. Crew may exit couch or seat Not accommodated.
tatch mechanism to perform aclivity

b. No unrestrained mass.

¢. Restrained loads should not exceed
crew strength capablities specified in
4.9.3.

d. Contingency operations which require
the crew member to stand must be

approved.
13. Egress without outside |a. Crew may exit couch or seat Not accommodated.
assistance to perform activity.

b. Crew is assumed to have the physical
capability and strength of a normally
conditioned crew as stated in 4.9.3.

14. Deploy survival a. Single crew member should not be Not accommodated.
equipment required to lift more than 20 bbs.
overhead.

b. Mass of single package of survival
equipment should not exceed 50

Ibs.
g
Figure 4.11.3-1 Capabilities of a Deconditioned Crew %
Post-Landing &
S ot
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5.0 NATURAL AND INDUCED

ENVIRONMENTS
{A}

5.1 ATMOSPHERE
{A}

5.1.1 Introduction
{A}

This section concerns the appropriate
design of spacecraft cabin atmospheres. The
atmospheric design considerations subsection
includes data on safe atmnospheric composi-
tions and pressures, human physiological
response to these atmospheric environments,
and the effects on humans of atmospheres
with undesirable, or unsafe properties. The
atmosphere design requirements subsection
includes general design goals, atmospheric
composition and pressure limits, monitoring
and control of the cabin atmosphere, and
limits on contaminants and toxins.

Cabin ambient conditions of temperature,
humidity, and airflow are covered in Para-
graph 5.8, Thermal Environment. EVA pres-
sure suit atmosphere is covered in Paragraph
14,2.2.9, EVA Suit Pressure Design Considera-
tions, and Paragraph 14.2.3.9, EVA Suit Pres-
sure Design Requirements.

5.1.2 Atmosphere Design
Considerations
{A}

Crewmembers in the system must be
provided with an environment to enable them
to survive and function as a system component
in space. An artificial atmosphere of suitable
composition and pressure is the most immedi-
ate need. It supplies the oxygen their blood
must absorb and the pressure their body fluids
require.

Humans are accustomed to breathing an
atmosphere that contains 21% oxygen by
volume at sea-level. Figure 5.1.2-1 shows the
composition of a sea-level-equivalent atmos-
phere. Oxygen partial pressure must be main-
tained above 152 mm Hg (3 psia) for normal
functioning of average crewmembers. A crew-

member unacclimatized to high altitude can-
not survive for extended periods at total pres-
sures lower than 417 mm Hg (8 psia). By
breathing pure oxygen, they can survive at a
total pressure of about 152 mm Hg (3 psia).
At a total pressure of 760 mm Hg (14.7 psia)
the oxygen supply is similarly inadequate
when the concentration of oxygen is below
about 11%. Too little oxygen (hypoxia) in-
duces sleepiness, headache, the inability to
perform simple tasks, and loss of conscious-
ness. Too much oxygen (hyperoxia) can also
be harmful. Prolonged breathing of pure
oxygen at sea level pressure {and perhaps
even at lower pressures) can eventually
produce inflammation of the lungs,
respiratory disturbances, various heart
symptoms, blindness, and loss of conscious-
ness.

Figure 5.1.2-2 shows human performance
limits versus total pressure and oxygen con-
centration. Maximum range in total pressure
varies from 760 mm Hg (14.7 psia) with an
N2-02 mix, to approximately 190 mm Hg (3.6
psia) 100% 02. The lower pressure limits are
determined primarily by the requirements for
maintaining alveolar oxygen levels. At 190
mm Hg (3.6 psia) total pressure in a 100%
oxygen atmosphere, the O2 partial pressure is
near normoxic or 103 mm HgPO2 (2.0 psia)
in the alveoli (the remainder of the lung being
filled with CO2 and water vapor). If pressures
less than 190 mm Hg (3.6 psia) are con-
sidered, the crew will need pressure suits and
100% oxygen under pressure. Using pres-
sures of less than 760 mm Hg (14.7 psia) may
provide protection from bends in the event of
decompression (both accidental and inten-
tional) because partial pressure of N2 (pN2)
decreases in proportion to barometric pres-
sure (pB). This aspect of atmosphere selection
assumes considerable importance if a crew-
member must leave the vehicle and perform
tasks in space.
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Parametar Standard Sea-lLevel Atmosphsre values
kPa psia mmHg
Total pressure 101.36 14.70 760.0
Oxygen partial pressure 21.37 3.04 151.3
Nitrogen partial pressure 78.60 11.44 581.7
Water vapor partial pressure 1.38 0.2 10.7
COo partial pressure 04 0.0058 0.3
wn
[Te
Reference: 198, Page 27 3
i
. . - n:
Note: Water vapor partial pressure at 74 deg. F and 50% relative humidity =
Figure 5.1.2-1. Standard Sea-Level Almosphere
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Figure 5.1.2-2, Relationship Between Percentage of Oxygen in Atmosphere of Space Vehicle

and Total Pressure of That Atmosphere
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Considering crew needs only, space cabin
pressure is sufficient in the range between 190
and 380 mm Hg (3.75 - 7.3 psia). In this range,
crewmembers need not wear protective equip-
ment, and as long as the amount of oxygen in
the vehicle cabin provides an alveolar partial
pressure of 02 (p02) of at least 103 mm Hg
(1.9 psia), the blood will have an oxygen level
equivalent to that at sea level.

The use of low ambient pressure and
100% oxygen at the above pressure is attrac-
tive to the designer because it saves weight,
simplifies engineering and monitoring, and
reduces atmospheric gas leak rates. However,
there is considerable fire hazard involved in
using 100% oxygen in the pressure range of
190 to 380 mm Hg (3.75 - 7.3 psia). At 190
mm Hg (3.75 psia), 100% oxygen is essentjal
to maintain the required alveolar PO2. At 380
mm Hg (7.3 psia), the oxygen can be diluted
with an inert gas, such as nitrogen or helium,
to about 50% of the total pressure, the inert
gas acting as a retardant in case of fire. The
burning time is approximately doubled by
going from 100% oxygen at 190 mm Hg (2.75
psia) to a nitrogen-diluted atmosphere at 380
mm Hg (7.3 psia).

(Refer to Paragraph 6.6, Fire Hazards, for
more details on fire protection and control.)

The current design approach for amanned
spacecraft atmosphere specifies a pressure of
760 mm Hg (14.7 psia). This environment
offers an advantage in that chemical or
biological experiments performed in the cabin
will not have the added complication of deal-
ing with a nonstandard pressure or composi-
non.

The following paragraphs give additional
details on the atmospheric design considera-
tion factors previously discussed.

5-3

5.1.2.1 Safe Atmospheres Design
Considerations
{A}

Humans can survive in a wide range of
atmospheric compositions and pressures. At-
mospheres deemed sufficient for human sur-
vival are constrained by the following
considerations:

a. There must be sufficient total pressure
to prevent the vaporization of body fluids.

b. There must be free oxygen at sufficient
partial pressure for adequate respiration.

c. Oxygen partial pressure must not be so
great as to induce oxygen toxicity.

d. For long durations {in excess of two
weeks) some physiologically inert gas
must be provided to prevent atelactasis.

e. All other atmospheric constituents must
be physiologically inert or of low enough
concentration to preclude toxic effects.

f. The breathing atmosphere composition
should have minimal flame/explosive
hazard.

More restrictive limits may be applied to
atmospheric parameters to ensure crew
health. Crew comfort and efficiency may be
enhanced by imposing yet tighter constraints.

Paragraphs 5.1.2.1.1, Gas Composition
and Pressure Design Considerations, and
5.1.2.1.4, Human Responses to the Diluent
Gas Environment Design Considerations, ad-
dress the selection of atmospheric parameters
and discuss crew health and comfort impacts.
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5.1.2.1.1 Gas Composition and b. A cabin absolute pressure sufficient to
Pressure Design Considerations prevent vaporization of body fluids (ebul-
(A} lism), which occurs at approximately 45
Figure 5.1.2.1.1-1 shows optimum sea- mm Hg (0.9 psia) at 370 C (950 F).
level atmospheric parameters. Although an
Earth-like atmosphere is not the only pos- Earth’s atmosphere provides a physiologi-
sibility, it is useful to consider such an atmos- cally inert gas, nitrogen, which comprises
phere as a baseline. 78% of Earth’s air by volume. Best can-
didate atmospheres will contain one or
The most basic requirements applicable to more of the. following physiologically
any spacecraft cabin atmosphere are that it inert diluent gases: nitrogen, helium,
provide: neon, argon, krypton, xenon, or hydrogen.
The diluent gas can serve several func-
a. Free oxygen of a suitable partial pres- tions:

sure for metabolic use.

1000 - / 6500
- -
’\—TDXICI!V limit ’: | S
for He, Ne
diluents
Toxicity limit
for H
di luem /
100 \ 1 690 ]
o 1 Toxicity Inm:t =
2 ik for N =
g - \ d;iuent Toxrcm/ timit g
3 for Ar, Kr, Xe, |
% \\'/ / / diluents 278 g
£ 8
5 / 3
3 O n excess =
S \ xygen e g
o Oxygen toxicity | 69
{ limit
-y,
Normoxic Hypoxia .
r oxygen tirmit iy
partial o
pressure 2
L i 1 i 1 4 6.9 =

4] 20 40 80 80 100
Valume of oxygen In moisture, %

Reference: 29, pages 2,42, 56
111, page 863
198, page 27
264, Table 11.2, paragraphs 11.1.1/4
268, page 5

Figure 5.1.2.1.1-1. Range of Permissable Cabin
Atmosphere Absolute Pressure
vs Oxygen Concentration

5-4



Downloaded from http://www.everyspec.com

NASA-5TD-3000/VOL.I/REV.B

1, It can be used to increase cabin total
pressure without necessarily increas-
ing oxygen partial pressure - this is
important in vehicles that operate in a
high absolute pressure ambient, e.g., a
diving bell or a hypothetical manned
lander on Venus.

2, In the event of a closed pocket of
gas occurring in the crewmember’s
body, collapse of the pocket may
occur. This may occur in the middle
ear if the middle earis not periodically
ventilated (ear clearing). It can alsc
occur in small segments of the lungs
during high stress, since the oxygen
and carbon dioxide present in the
pocket are absorbed rapidly. A diluent
gas added to the mixture will be ab-
sorbed more slowly, and will help
prevent such a collapse.

3. Experiments, particularly in life
sciences, may be sensitive to atmos-
pheric parameters. A choice of Earth
normal atmosphere [i.e., 760 mm Hg
(14.7 psia) and 79% nitrogen, 21%
oxygen, plus minor constituents]
would typically provide a better
laboratory test environment than pure
oxygen. Normal atmosphere would
allow use of standard laboratory
equipment,

4. Except for hydrogen, the diluent
gas{es) in the cabin atmosphere will
act as a suppressant in case of fire.

5.1.2.1.2 Gas Pressure Design
Considerations
(A}

Figure 5.1.2.1.1-1 plots absolute cabin
pressure as a function of percent oxygen in the
mixture. Shown in the figure are:

a. Normoxzic line which will typically rep-
resent the optimum pressure concentra-
tion combination.

5-5

b. Upper and lower pressure limits im-
posed by danger of oxygen toxicity and
hypoxia, respectively.

¢. Upper pressure limits imposed by
danger of toxicity of various diluent gases.

Carbon dioxide will be present as a
byproduct of respiration. Figure 5.1.2.1.2-1
plots alveolar partial pressure of CO2 against
alveolar partial pressure of 0. Shown on the
graph are relations between CO2-02 composi-
tion and human performance response. The
normal 36 mm Hg (0.7 psia) alveolar partial
pressure corresponds to approximately 3 mm
Hg (0.006 psia) CO3 cabin partial pressure.

5.1.2.1.3 Mission Related Design
Considerations
{A}

Various flight regimes may influence the
choices a designer makes in selecting an at-
mosphere. Some of the possible considera-
tions are:

a. Prelaunch - Contamination from am-
bient atmosphere during boarding may
influence pressurization or depressuriza-
tion schedule. Low pressure cabins may
require oxygen prebreathe,

b. Launch - The possibility of oxygen
atelectasis during high-g stress, with a
100% O2 atmosphere, suggests including
a diluent gas in the mixture. The shallow
breathing that may result from high-g
loading may dictate a higher oxygen con-
centration or an increased ventilation rate,

c. Short Flights - Greater ranges of atmos-
pheric parameters (e.g., CO2 partial pres-
sure and pure oxygen atmospheres) may
be tolerated in short flights as the
detrimental effects of these are time de-
pendent.
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d. Long Flights - For longer flights,
tolerance to irritating or toxic substances
are reduced, trace contaminants become
more important, and crew comfort of
greater concern.

e. Entry/Landing - Same as launch, plus
consideration of ambient conditions if
landing in extraterrestrial environment.

f. Post Landing - If on Earth, reintroducing
ambient atmosphere on an appropriate
schedule may be desirable while waiting
for debarkation. If not on Earth, ambient
conditions, EVA operations, experiments,
etc., may influence atmosphere design.

g. Hyperbaric Treatment - The rate of pres-
surization during hyperbaric treatment
should not result in a differential pressure
across a crewmember’s chest in excess of
80 mm Hg (1.5 psi), or in excess of 40 mm
Hg (0.75 psi) for a period of longer than
five seconds. Decompression scheduling
and gas composition changes in the cham-
ber depend on atmospheric composition.
Oz toxicity is the main concern in hyper-
baric therapy regimes. See Reference 280
for specific protocols.

Alveolar P02 - psia, BTPS

0 0.2 0.4 0.6 (0.8 1.2 1.4 1.6 1.8
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264, Table 11.2, paragraphs 11.1.1/4
268, page b

Figure 5.1.2.1.2~1. Relationship of Alveolar Oy and CO 2 Composition to Performance
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{A]

5.1.2.1.4.1 Metabolic Factors
Design Considerations

All gases considered for the role of diluent

A choice of atmospheric composition that

contains a diluent gas other than nitrogen may
have associated side effects for a spacecraft
Crew.
5.1.2.1.4.3 discuss metabolic, thermal, and
vocal factors that may impact crew perfor-
mance.

Paragraphs 5.1.2.1.4.1 through

Figure 5.1.2.1.4-1 lists some physical

properties of selected inert gases.

in an atmosphere must be physiologically
inert, i.e., relatively little metabolic response
to the diluent under normal conditions. At
higher pressures, however, the diluent gases
exhibit toxic effects. Figure 5.1.2.1.1-1 shows
approximate upper pressure limits for use of
various diluents. At pressures above these
limits, the diluent can act as a depressant.
Standard hyperbaric treatment protocols only
require total pressures up to 4560 mm Hg

Reference: 42, Table 2-1, Page 53

Figure 5.1.2,1.4-1. Physical Properties of ingrt Gases
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(88.2 psia).
Element Helium Nitrogen Neon Argon Krypton Xenon
Symbol He N2 Ne A Kr Xe
Atomic number 2 7 10 18 a6 54
Malecular weaight 4.00 28.00 20.18 39.94 83.80 131.3
Density at 101,3 kPa (1 atm)
and  0deg C(32°F )
Kg/m 0.1784 1.251 0.6004 1.784 3,708 5.851
(IS (0.011) (0.078) (0.056) (0.111) {0.231) (0.285)
Viscosity at 0deg C (32° F )
and 101.3kPa (1 atm)
Pascal-second 19.4x 105 17.6x 105 31.1%10°5 222x105 25x10-5 22.6x 1073
(Centipcisa) {0.194) (0.175) (0.311) (0.222) (0.250) (0.226)
Tharmal conductivity
at0degC, (32° F )
101.3kPa {1 atm)
KealM.br © C 0.,1282 0.0209 0.0407 0.0145 0.0077 0.0045
{BTUM. hr. °F) {0.0840) (0.0140) (0.0273) (0.0097) {0.0052) {6.0030)
Bunsen solubilty
coefficients:
Inwatera138°C 0.0086 0.043 0.0097 0.026 0.045 0.085
Inolive il at 38 C 0.015 0.061 0.019 0.14 0.43 1.7
Inhumanfatata7°C ? 0.062 0.020 ? 0.041 1.6
Cil, water solubility ratio 1.74 4.69 1.95 5.38 9.58 20.0 g
@
=
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5.1.2.1.4.2 Thermal Factors
Design Considerations
{A}

With the exception of helium, the diluent
gases considered for use in cabin atmospheres
do not present difficulties with thermal
regulation significantly different from
nitrogen.

The thermal conductivity of helium is six
times that of nitrogen. For this reason, ex-
perience has shown that air temperatures
must be maintained at least 2° to 3° C (4 to 5°
F) higher than normal for subjects at rest.

Figure 5.1.2.1.4.2-1 shows thermal con-
ductivity for several diluent gas atmospheres
against diluent gas concentration.

(Refer to Paragraph 5.8, Thermal Environ-
ment, for more details on the atmospheric
thermal environment.)

5.1.2.1.4.3 Vocal Factors Design
Considerations
{A}

The low density of helium-oxygen mix-
tures induces an increase in the frequencies of
the human voice. At high-percentage mix-
tures of helium, substantial problems with
speech intelligibility may be encountered. In
these circumstances, partial mixes with
nitrogen or neon added to the heliox (helium-
oxygen) mixture will be of benefit. Electronic
processing has also been used to improve com-
munication clarity.

100 40 T T ¥ M
500 130
®r 120
800, 32t -110
QL
7001 £a8b 100y
oo o
g’ -?5,24 b -20 _E
25000 =200 1+70 &
£ S 60 %
300 x1q2b Lag X
12 40 7
200 8 30
q 20
1004
' 0,,-Xe 10
i I—ZL A A 0 [=]
0 - D o
0 20 40 60 80 100 &
Diluent gas, % g E

Reference: 92, Figure 2-18, page 58

Figure 5.1.2.1.4.2-1. Thermal Conductivity of
Binary Gas Mixtures
Containing O o at 30 deg C
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5.1.2,2 Dangers Associated with
Unsafe Atmospheres Design
Considerations

{A}

Paragraphs 5.1.2.2.1 through 5.1.2.2.3
discuss the effects on humans of atmospheres
that are unsuitable for crew health and com-
fort, Included are the effects of excess and
insufficient Oz and COg, insufficient and ex-
cess total pressure, and contaminants and
toxicity.

5.1.2.2.1 Adaptive Physiological
Responses Design Considerations
{A}

Adaptive physiological responses to un-
safe atmospheres are considered to be those
changes that take place in the body physiology
to adapt to the outside stimulus, as opposed
to nonadaptive responses, that indicate physi-
cal damage.

5.1.2.2.1.1 Hypoxia Design
Considerations
(A}

The condition of insufficient oxygen to
support normal physioclogical functioning is
called hypoxia. The only oxygen stored by the
body is found in the hemoglobin in the blood
stream, and some amount in the myoglobin of
red muscie tissues. Muscles can function tem-
porarily. without oxygen but build up toxic
fatigue products that limit their activity.

The central nervous system, including the
brain and eyes are particularly sensitive to
oxygen deficiency, and cannot function
without oxygen. Acute impairment of brain
function occurs within 13 seconds whenever
the alveolar oxygen tension drops below about
33 mm Hg (0.5 psia).

Man can acclimatize to hypoxia (adaptive
response) at relatively low altitudes (pres-
sures) but not above 5500 m {18000 ft) or 379
mm Hg (7.34 psia) and normal air composi-
tion.

5-9

Figure 5.1.2.2.1.1-1 shows atmospheric
pressure/ composition combinations where
hypoxia is likely to occur. Figure 5.1.2.2.1.1-2
lists physiological effects relative to lack of

oXygen.

5.1.2.2.1.2 Night Vision Abnor-
malities Design Considerations
{A}

The visual functions of a human are par-
ticularly sensitive to hypoxia. The retina is the
most O2 sensitive tissue in the body. Figure
5.1.2.2.1.2-1 shows some thresholds of visual
determination,

(Refer to Paragraph 4.2, Vision, for other
vision design considerations and require-
ments).

5.1.2.2.1.3 Oxygen Toxicity (Hy-
peroxia) Design Considerations
(A}

For the purpose of this document, the
condition of oxygen toxicity (hyperoxia) will
be considered as associated with oxygen par-
tial pressures between sea level normal, 160
mm Hg (3.1 psia), and the 310 mm Hg (6 psia)
limit. Figure 5.1.2.2,1.3-1 shows times to
onset of symptoms. As shown in the figure, the
symptoms in this region will generally be
respiratory. At pressures of oxygen at around
253 mm Hg (5 psia), changes in red blood cell
fragility and cell wall permeability have been
reported at long periods of exposure.

5.1.2.2.1.4 Chronic CO2 Toxicity
Design Considerations
(A}

Long-term exposures to CO2 concentra-
tions in the range of 1-1.5% will generally not
produce significant changes in blood pressure,
pulse, or temperature {chronic CO2 toxicity).
Such exposures have been noted to produce
significant alterations such as respiratory
acidosis, increased carbonate retention in
bone tissue, increased cortical adrenal ac-
tivity, and decreased cardiovascular function.
No outward apparent symptoms would be
expected at this concentration.
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Figure 5,1.2.2.1.1-1. Hypoxia Danger Zone
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Oxygen
partial
pressure
mmH
(psia) 8 Effﬂct
160 {3.1) Normal sea level atmosphere lavel
137 (2.7) Accepted limit of alertness. Loss of
night vision. Earliest symptoms is
dilation of tha pupils.
114 (2.2) Performance seriously impaired,
Hallucinations, excitation, apathy,
100 {1.9) Physicai coordination impaired,
emotionally upset, paralysis, loss
of memory.
84 (1.8) Eventual ireversible unconsiousness. o
0-46 Anoxia — near-immediate ©
{0-0.89) unconsiousness, convulsions, 0
paralysis. Death in 9010 180 seconds.. )
-

Referance: 92, Page 38
111, Page 863

Note: The effects of falling oxygen pressure is insidious, as it dulls the
brain ad prevents realization of danger.

Figure 5.12.2.1.1-2 Effects of Insufficient Oxygen
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Altitude Altitude
in meters in feet
impairment of the following functions:
000 20,000 Judgement of distance & 4
Range of visual fields ~-11.5
Accomodation
Convergence - 80
Retinal sensitivity
5000{-
Threshold for light is raised 190
15,000
-1
4000+ Intraocular tension increases 00 a0
4110
PO PO, psi
2 2
a 4120
E
z
8§ Jia0 2.5
2000 5
2
>
5,000 . 140
Delayed dark
10001~ adaption
begins and
impaired
color vision
L Sea level ¥ T I T 157 - 3.0
120 110 100 90 80 70 &0
P02, mmHg
L 1 { L )
3.0 25 2.0 1.5 1.0
PQy. psi ‘z?
Reference: 11, pages 10-50 g
Figure 5.1.2.2.1.2-1. Impairment of Visual Functions Produced by Hypoxia
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Reference: 92, Figure 2-10, page 46
Figure 5.1.2.2.1.3-1. Approximate Time of Appearance of Hyperoxic Symptoms

as a Function of Oxygen Partial Pressure
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At CO2 concentrations of about 3%, crew-
members will typically exhibit increased
motor activity, excitement, euphoria, mental
acuity and sleeplessness for about a day, fol-
lowed by headache, mental depression and
cloudiness, decreased memory and attentive-
ness, and decreased appetite, Typically, after
the third day, there will be some return to
normal.

Generally, subjects have felt normal after
a week of breathing normal air again, and the
characteristics have returned to normal after
a month.

5.1.2.2.1.5 Acute CO2 Toxicity
Design Considerations
{A}

Figure 5.1.2.2.1.5-1 shows effects of in-
creased CO2 concentration on respiration
volume, rate, and pulse rate. It has been noted
that individuals with a relatively large tidal
volume and slow respiratory rate show less
respiratory and sympathetic nervous system
responses while breathing low concentrations
of CO3.

Figure 5.1.2.2.1.5-2 shows CO2 partial
pressure rate increase, with loss of CO2
removal function, for space modules of
various volumes and configurations. Limits
are defined as operational, 90-day degraded,
28-day emergency, and critical. Other effects

of increased CO2 concentration (in the range
of 3-7%) are:

a. Reduced body temperature, typically
0.5°-1.5°C (1°-3°F.).

b. Increased urine production (up to three
times normal rate).

¢. Reduced aerobic capacity (13% - 15%
reduction),

Acute CO2 toxicity symptoms include
dyspnea, fatigue, impaired concentration, diz-
ziness, faintness, flushing and sweating of
face, visual disturbances, and headache. Ex-
posure to 10% or greater concentrations can

5-14

cause nausea, vomiting, chills, visual and
auditory hallucinations, burning of the eyes,
extreme dyspnea, and loss of consciousness.
Without therapeutic support, respiratory
depression, convulsion, shock, and death may
result from CO2 concentrations above 10%.

5.1.2.2.1.6 CO2 Withdrawal
Design Considerations
{A}

CO2 withdrawal symptoms can be ex-
perienced after the cessation of certain ex-
posures to CO2 and can result in even greater
functional impairment than the exposure it-
self, Headaches of varying severity are com-
mon. Withdrawal from more acute exposures

Respiratory minute volume,
}/min {BTPS}

Respiration rate
breaths/min

T0 ({ Narmal

Pulse rate, beats/min
g &
==

I 3
60 1

3 4 5 8 7 8 9

2
Carbon diexide in inspired gas, percent

Raterence: 6, page 41
11, page 10-64
21, page 3
Note:

Subjects at rest, hatched areas represent
deviations from the maan

Figure 5.1.2.2.1.5-1. Effects of Increased Carbon
Dioxide Inhalatian

MSIS &5
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No. No.
Curve mod./vol. (1) crew
1 1 smod B ]
2 1 smod 4 Note:
3 1 tmod 8 . - 3 3
3 172 spst 3 1 Smod=l shert module=81.3m* (2B873ft")
] I Imod 4 _ - 3 3
5 172 spst 1 1 Imod=1 long module=176.7m° (6244ft")
? 1 spst 8 1 Spst=l space station=548.7m3 (19,387¢13)
] 1 spst 4
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1. 1.0 Kg [2.21b) CO2/person day metabolic rate
2. C02 leakage eoverboard negligible
3. Delta configuration volumes
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b. 176.7m3 (6,244Ft3) long module
¢c. 72.8m3 [2.572ft31 logistics module
d. 21.7m3 (768ft3)tunnel
o. 8.4m3 (296ft3) interface module
f. 548.6m3 (19.38713) space station
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5. 3 mm (0.058 psia) Hg carbon dioxide
partial pressure initially
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may cause dizziness, Symptoms are more
marked during acute exposures to 5-10% CO2
than during chronic exposures to CO2 con-
centrations below 3%. In the extreme case,
profound hypotension and grave cardiac ar-
rythmias may occur. It has been observed that
subjects recover from CO2 exposure better
when breathing oxygen than when breathing
air.

5.1.2.2.1.7 Dysbarism Sickness
Design Considerations
{A}

Any diluent gas present in the cabin at-
mosphere will establish an equilibrium con-
centration in body tissues. If the ambient
pressure is lessened, a certain amount of the
diluent will come out of solution. If the pres-
sure change (dysbarism) takes place slowly
enough, the diluent can be transported away
normally by the bloodstream. However, if the
pressure change is rapid enough through a
large differential, the diluent may come out of
solution rapidly and form gas bubbles. A
major consequence of this phenomenon is
known as decompression sickness.

5.1.2.2.1.7.1 Evolved Gas

Dysbarism Design Considerations
{A}

The varied symptoms and pathological
physiology of the effects of dysbarism can be
divided into several categories under
decompression sickness: bends, chokes, skin
manifestations, circulatory collapse, and
neurological disorders. The relative incidence
of the different symptoms varies with the type
and partial pressure of the gas at equilibrium,
the level of exercise, and final pressure. Figure
5.1.2.2.1.7.1-1 shows the percent of exposed
subjects per minute experiencing new
symptoms (bends of grade 2 or > and chokes)
at given times after exposure to 38,000 ft. at
rest from previous sea level conditions with no
preheating. The curve is thought to reflect the
size history of a typical gas bubble in the
sensitive tissue for these specific conditions.

Tests with EVA representative
decompression, work rates, and prebreathe
show a considerably delayed incidence of
decompression sickness with symptoms occur-
ring as late as the sixth hour in a 6-hour
decompression.

Bends, the most common symptom, is
manifested by pain in the locomotor system.
This pain usually begins in the tissue around
joints and extends distally along the bone
shaft. Pain tends to occur in joints that are
being fiexed. The pain is deep and poorly
localized with periods of waxing and waning.
Relief is obtained by relaxation of the part of
application of external pressures to the over-
laying tissues. Symptoms may spontaneously
disappear.

The next most common symptom complex
is chokes. Chokes refer to a syndrome of chest
pain, cough, and respiratory distress, It usual-
ly requires longer altitude exposure than that
required for bends. It commences with a
burning pain under the breast bone during
deep inspiration which is relieved by shallow
breathing and gradually becomes more severe
and constant, Paroxysms of coughing become
more frequent and are followed by cyanosis,
anxiety, snycope, and shock.
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Figure 5.1.2.2.1.7.1-1. Typical Time Gourse of
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Appearance of New Symptoms
of Decompression Sickness in
Absence of Prebreathing
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Skin lesions, causing itching and a red
blotchy rash, usually occur only after
prolonged altitude exposure and are as-
sociated with, or presage, more serious
manifestations of decompression sickness.
About 10% of those cases going on to neurocir-
culatory collapse present previous skin chan-
ges. It appears that passage of emboli to the
skin is the most probable mechanism.

Cardiovascular symptoms are varied:
fainting, low blood pressure, coronary oc-
clusions, heart arrythmias, and shock have all
been seen. Severe and progressive peripheral
vascular collapse may develop after one to five
hours at altitude. This reaction may, or may
not have been preceded by fainting. Signsand
symptoms of shock with or without neurologi-
cal findings are seen. Delirium and coma are
more common when neurological findings are
present. All fatalities following altitude ex-
posure are preceded by this picture of delayed
shock. It usually develops in subjects who
have experienced severe chokes, but may be
preceded by few or no symptoms. The types
of neurologic symptoms run the gamut of
almost every acute neurologic disorder. Con-
fusion, visual impairment, and headaches are
the most common.

The precise conditions under which a par-
ticular individual will develop symptoms of
decompression sickness are impossible to
predict. In general, for an atmosphere using
nitrogen as a diluent, if the supersaturation
ratio R = pNa2/pB exceeds about 1.22, there
will be a risk of decompression sickness. (In
the above equation, pN2 is the nitrogen ten-
sion in the subject tssue, and pB is the total
barometric pressure). For other diluent gases,
the critical R value will be different. The tissue
tension of the diluent gas at any particular
time will depend on the initial and final equi-
librium tensions, the solubility of the diluent
in the subject tissues, and the rate and dura-
tion of decompression. As an example,
hypobaric decompression sickness {DCS)
from a normal sea-level atmosphere will occur
typically only after decompression below 490
mm Hg (9.5 psia). This onset of DCS pressure

5-17

will vary some depending on the susceptibility
of an individual as influenced by any of the
following factors:

a. Body Build - Obesity increases suscep-
tibility to decompression sickness. It is
less clear if the percent of body fat within
a normal range affects the incidence of
decompression sickness.

b. Temperature - Very cold conditions can
increase the incidence of decompression
sickness significantly.

¢. Previous Exposures to Low Pressure -
Repeated exposures to hyperbaric condi-
tions may, or may not increase suscep-
tibility to decompression sickness
depending on the nature of the exposure.
When EVA-type exposures have been
repeated over a three-day period, there
was no increase in susceptibility.

d. Barometric Compression Prior to
Decompression - Any exposure to com-
pressed air breathing occurring less than
24 hours prior to decompression will in-
crease susceptibility.

e. Age - A threefold increase in incidence
of decompression sickness has been ob-
served in going from 19 to 25-year old to
40 to 45-year old age groups. In other
studies, age has not been a factor for the
crewmember population used in these
studies.

f. Sex - Valid, conclusive studies are lack-
ing, but it appears that women present a
greater risk to decompression sickness
than men do.

g. Exercise - Physical exertion can increase
the incidence of decompression sickness
by up to 40%.

h. Injury - Perfusional changes in an in-
jured area particularly in a joint, may cre-
ate an increased susceptibility to
decompression sickness,
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Decompression sickness can be prevented
by denitrogenation prior to decompres-
sion. This is accomplished by breathing
pure oxygen, which reduces alveolar
nitrogen pressure and allows nitrogen to
come out of the tissues of the body. Figure
5.1.2.2.1.7.1-2 shows nitrogen eliminated
over time while breathing pure oxygen.

5.1.2.2.1.7.2 Trapped Gas
Dysbarism Design Considerations
{A}

If the glottis is held closed during a
decompression, or if the air passageway to the
lungs is restricted or blocked (e.g., when using
an oxygen mask) it is possible for the trapped
gas in the alveoli to expand the alveoli past
their elastic limit. A differential pressure be-
tween the alveoli and the ambient of 50 to 100
mm Hg (1.0 to 2.0 psi) may be sufficient to
force gas into extra-alveolar space. Such an
accident will likely result in arterial gas em-
bolism, mediastinal and subcutaneous em-
physema, and/or pneumothorax.

The effects of gas embolism are similar to
those of decompression sickness, but occur
immediately in contrast to the delay observed
in decompression sickness, and the signs may
clear rapidly, leaving a clinical picture similar
to stroke,

Mediastinal emphysema, subcutaneous
emphysema, and pneumothorax refer to con-
ditions of accumulations of gas in the medias-
tinal cavity between the pleurae, under the
skin, and in the pleurae, respectively.

Typically, equalization of pressure be-
tween air pockets in the body and the ambient
will take place without conscious effort, ex-
cept when there is a blockage in the air pas-
sages, as discussed above, or if the rate of
depressurization is such that equalization can-
not take place rapidly enough to produce ef-
fects. If this occurs, the most likely injuries
will occur to the ear and sinuses, which have
the smallest and most easily blocked passages
to the ambient.
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Reference: 78, page 1-292

Figure 5,1.2.2.1.7.1-2. Nitrogen Elitnination Curve
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Ear problems associated with change in
barometric pressure are tabulated in Figure
5.1.2.2.1.7.2-1.

Occasionally, toothaches are reported due
to changes in barometric pressure, usually
occurring in teeth that are filled or have
cavities, thereby allowing an air bubble to be
trapped within.

5.1.2.2.1.7.3 Toxic Gaseous Con-
taminants Design Considerations
(A}

The effects of carbon monoxide (CO)
toxicity and blood levels of car-
boxyhemogiobin after exposure to different
atmospheric concentrations of carbon

monoxide are shownin Figure5.1.2.2.1.7.3-1.
Differantial
pressure Symptom
mmHg
{psia)
0 No sensation
35
(.08-0.10) Feeling of fullnass in ears
10-15
{0.19-0.29) More fullness, lessened sound intensity
15-30 Fullness, discomfon, tinnitus in ears;
(0.19-0.29) ears "pop" as air leavas middle ear;
desire to clear ears — if accomplished,
symptoms stop
30-60
(0.58-1.16) Increasing pain, tinnitus, and dizziness
60-80 Severs and radiating pain, dizziness
(1.16-1.54) and nausea
~100 Voluntary ear clearing becomes
{~ 1.93) difficutt or impossible
200+
(3.87+) Eardrum ruptures

Reference: 92, Table 1-3, Page 14

Figure 5.1.2.2.1.7.2-1, Type of Ear Problems

Encountered During
Change in Barometric

Pressure

MSIS-70
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Carbon monoxide is particularly dangerous
because it is odorless and colorless and
symptoms of toxicity are not readily notice-
able. CO is produced by crew metabolism,
materials offgassing, and materials ther-
modegradation or combustion. Normally, the
onboard ECLSS ambient temperature catalytic
oxidizer (ATCO) does a good job of keeping
CO at safe, low levels. CO would be a
toxicological concern, however, if the
platinum catalyst in the ATCO system were to
be poisoned by another chemical or if a fire or
smoldering combustion on board produced
more carbon monoxide that the ATCO system
could handle.

Ozone may possibly be produced by
electric motors, welding, or ultraviolet light
rays in the onboard lighting system. It is espe-
cially prone to be produced if there is electric
arcing. Exposure to ozone at concentrations
of 0.3 to 0.8 ppm causes irritation of the nose
and bronchi. Exposure to 0.94 ppm also
causes sleepiness and headache. Exposure to
1.5 ppm has been described as intolerable.
The lethal concentration in 50% of rats and
mice exposed (the LC50) is around 6 ppm.
The animals died of shock with edema and
hemorrhage in the lungs and bronchi. Higher
animals, such as dogs and monkeys, appear
to be somewhat more resistant. Persons who
have been continuously exposed to ozone
develop some tolerance to its effects.

Materials of construction are a source of
gaseous contamination due to offgassing to
the cabin atmosphere. Offgassing require-
ments and test procedures are detailed in
Reference 24. Compounds for which seven-
day maximum allowable concentrations have
been established in manned spacecraft are
also listed in Reference 24.
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Atmospheric _
cart?osz monoxide Carbon monoxide in blood,
volumes per million % Carboxyhemoglobin Effects
0-60 0-10 None subjectively noticeable, but initlal visual and
psychomaotor impairment is ravealed in objective tests.

60-120 10-20 Tightness across forehead, slight headache,
flushed complexion.

120-180 20-30 Headache with throbbing in temples, braathlessnass
from any exertion.

180-240 30-40 Savere headache, weakness, dizziness, dimness of
vigion, nausea, and vomiting with possibility of
collapse.

240-300 40-50 All precading symptoms with increased pulsa rate
and respiration and greater possibility of collapse.

300-380 50-60 Loss of consciousness, with increased or irregular
respiration, rapid pulse, and possibility of coma
with convulsions.

360-480 60-80 Coma, convuisions, depressad heart action,
respiratory failure, and possivility of death,

MSIS-71

Reference: 111, Page 865

Figure 5.1.2.2.1.7.3-1. Effects of Carbon Monoxide Exposure
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5.1.2.3 Atmosphere Monitoring

Design Considerations
{A}

5.1.2.3.1 Atmosphere Toxicologi-
cal Monitoring Design Considera-
tions

{A}

Long tours of duty for crewmembers,
closed Environmental Control Life Support
Systems (ECLSS), and the possibility for
potentially hazardous internal operations
make the following three types of analyzers
necessary for the toxicological monitoring of
spacecraft air during long-duration manned
space flights:

a. Regular Monitoring - The continuous
generation of contaminants by the offgass-
ing of non-metallic materials in the vehicle
and the potential for chemical spills or
leaks necessitate regular monitoring for
volatile organics.

b. Compound-Specific Analyzer - Other
potential contaminants, such as low
volatility organics and inorganics, metals,
acid gases, and other gases such as carbon
monoxide and nitrous oxide, may require
dedicated, compound specific analyzers.

c. Particulate Monitoring - Based on Shut-
tle program experience, problems with
airborne particulate matter can be an-
ticipated and warrant an inflight particu-
late monitoring capability.

5.1.2.3.2 Atmosphere
Microbiological Monitoring
Design Considerations

(A}

Epidemiological principles and previous
spaceflight studies indicate a high probability
of cross-contamination among crewmembers
and between crewmembers and space module
during long confinements. The ability to
monitor, identify, and characterize the
microbial flora of the space module is essen-
tial due to continual habitation, relatively
crowded conditions, and possible altered
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host/microorganism interactions. The follow-
ing three design considerations are of par-
ticular importance for microbiological
monitoring of space module air.

a. Traditionally, ECLSS systems (because
of design constraints) have a limited
capacity for removing biological agents
from the air.

b. The unique properties of microgravity
affect the distribution of microbial agents
in the space module environment, On
Earth, gravity is an important physical
force in reducing the presence of aerosols
in the air and thus, helps contain the
spread of some infectious diseases. While
large particles and droplets containing
microorganisms are removed from the air
in minutes in a 1-G environment, these
aerosols may remain suspended in-
definitely in microgravity.

c¢. The immunological status of crewmem-
bers may be compromised due to
physiological effects associated with stress
and long periods of habitation in a
microgravity environment.

5.1.2.3.3 Baro-Thermal Monitor-
ing Design Considerations
{A}

The collection and analysis of atmospheric
data {including barometric compositional,
and thermal balance information) within the
space habitat environmental system are neces-
sary for monitoring human and environmen-
tal interactions. The environments to be
monitored include those in the habitation
modules, the airlocks, and the space suits,
This information will be used to characterize
the crew’s environment relative to the en-
vironmental limits established to ensure crew
health and safety. The derived information
will form a database for analysis of any effect
of these controlled environment factors on
physiological responses of the crew to the
microgravity environment.
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The sensors required to monitor the en-
vironmental parameters described above are
in large components of the cabin and suit
environmental control system and in most
uses will not require development of separate
sensing systems.

5.1.3 Long Term Mission Atmosphere
Design Requirements
[A}

Paragraphs 5.1.3.1 through 5.1.3.5 present
requirements which are directly applicable to the
design of respirable atmospheres for space
module cabins for long term missions. These re-
quirements may not be entirely applicable to short
term space systems (€.g.; the STS Program or the
Spaceplane. Included are atmosphere composi-
tion and pressure, monitoring and control of at-
mospheric parameters, and contaminants and
toxicity.

5.1.3.1 Atmosphere Composition and
Pressure Design Requirements
{A)

The following design considerations shall
apply to the composition and pressure of the space
module cabin atmosphere:

a. Internal Environment - An internal en-
vironment shall be provided adequate to
support and maintain crew comfort, con-
venience, health, and well being throughout
all operational phases in accordance with
the requirements given in Figure 5.1 .3.1-1.
Concentrations of atmospheric con-
taminants in habitable areas of the space
module shall not exceed the spacecraft maxi-
mum allowable concentrations (SMACs) as
specified for various exposure periods in
Figure 5.1.3,1-1 Spacecraft Maximum Al-
lowable Concentrations. If no FCSIS
SMAC is currently documented for a par-
ticular compound of interest, the 7 day
SMAC values specified in NHB 8060.1B Ap-
pendix D apply. The SMAC values docu-
mented in the FCSIS Vol, I, Rev. A, take
precedence over the SMAC values listed in
NHB 80060.1B. Because ambient pressures
on SSMB will be less than 14.7 psi, SMAC
values in mging rather than ppm shall apply.
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(Refer to Paragraph 5.8.3.1, Temperature,

Humidity, and Ventiiation Design Require-
ments, for other atmosphere related design
requirements.)

b. Atmospheric Revitalization - An atmos-
pheric revitalization system shall con-
tinuously regenerate the module atmosphere
as required to provide a safe and habitable
environment for the crew. This system will
be referred to as the Environmental Control
Life Support System (ECLSS).

¢. Atmosphere Control and Supply :

1. Ammospheric pressure and composition
control functions shall provide a method
of regulating and monitoring the total
pressure and the major constituent partial
pressures of gases in the module atmos-
pheres.

2. The total pressure of the module shall
be maintained at the pressure levels
defined in Figure 5.1.3.1-1.

3. The controls shall be provided and
shall be operable by a crewmember in a
shirt sleeve environment or by a remote
operator. For specific requirements for
pressure suit operations for repressuriza-
tion see Paragraph92.32.1 b.

4, Normally, the controls shall operate
autonomously with limited or no crew in-
tervention necessary.

d. ECLSS Design Requirements :

1. The systems of the ECLSS will provide
atmospheric pressure and composition
control, module temperature and
humidity control, atmospheric revitaliza-
tion, water management, EVA support,
and fire and contamination monitoring
and control.

2. The ECLSS shall accommodate
whatever phased evolutionary growth is
anticipated for the space module.
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. . 90-day 28-da
Parameter Units Operational degraded (1) emarg,yency
CO2 parntial press mmHg 3.0 max 7.6 max 12 max
Temperature (7) deg. F 65-80 65-80 60-85
Dew point (2) deg. F 40-60 35-70 35-70
Ventilation ft/min 15-40 10-100 10-200
Q2 partial pressure (3) psia 2.83-3.35 2.4-3.45 2.3-3.45
Total pressure psia 14.5-14.9 14.5-14.9 14.5-14.9
Diluent gas N2 N2 N2
Traca contaminants (5) opm TBD TBD 8D
Micro-organisms CFUmS (8 | 500 () 750 (5) 1000 (5)
Particulates » 0.5 micron | counts#t3 108,000 max TBD TBD
(2) Resplrable Atmosphere Requirements (Customary Units)
. . 90-day 28-da
Parameter Units Operational degraded (1) om ergency
CO, partial press N/me 400 max 1013 max 1600 max
Temperature {7 deg. K 291.5-209.9 | 288.8-302.6 288.8-305.4
Dew point {2) deg. K 277.6-288.7 | 273.9-294.3 273.9-294.3
Ventilation m/sec .076-.203 .051-.508 .050-1.018
02 partial pressure (3) kP2 19.5-23.1 16.5-23.8 15.9-23.8
Total prassure kP9 100-101.4 100-101.4 100-101.4
Dilute gas —_— No N2 N2z
Trace contaminants (6) mg/m3 TBD TBD 18D
Micro-organisms CFumd (8) | s00(5) 750 (5) 1000 (5) i<
Particulates > 0.5 micron | counts/m3 3,530,000 max | TBD T8D @
=i

(b} Respirable Atmosphere Requirements (S! Unlits)

Reterence; 37, Figure 20101-A, B
92, pages 2, 42, 55

111, page 863
198, page 27

264, Table 11.2, Paragraph 11.1.1/4

268, paga 5
278
321, Table 2.4-1

323, Table C-4-1X, page C-4-45

324, Table 2-9

Notes:

(1) Degraded levels meet "fail operational” ¢riteria,
(2) Relative humidity shall not excaed 70% in the operational mode or 75% in the degraded mode or

75% in the degraded or emergency mode and shalf not be less than 25%

(3) Inno case shallthe Oy partial pressure be below 15.9 kP (2.3 psia) or the Oy concentration
exceed 23.8 percent of the total pressure at 14.7 psia.

{4) CFU — Colony Forming Units.

(5) These values reflect a limited base. No widely sanctioned standards are available.

{6} Will be based on NHB 8080.18, {(J8400003).

(7) Inthe operational mode temperature will be selectable to + 1.1°C (+ 2°F)  throughaut the rangs

Figure 5.1.31-1 Requirements for Space Module Respirable Atmosphere
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3. The ECLSS shall embody regenerative
concepts to minimize the use of expend-
ables.

e. Hyperbaric Treatment - Where altitude
decompression sickness may occur as a
result of operational activity or contingency
operation, access to a hyperbaric treatment
facility is required.

5.1.3.2 Atmosphere Monitoring
Design Requirements
{A}

Atmospheric monitoring instruments shall re-
quire as little crew time as possible for operation
and maintenance .

5.1.3.2.1 Atmosphere Toxicology
Monitoring Design Requirements
{Al

Design requirements for monitoring of
volatile organics, airborne particulate matter, and
compound-specific monitoring are as follows:

a. Monitoring Volatile Organics - The
monitoring of volatile organics shall be ac-
complished.

1. Total hydrocarbon analyzers shall be
used to monitor the overall organic con-
centrationinthe air of all habitable areas.
These analyzers shall provide real time
indication of total organic contamination
in the air. These monitors shall be
equipped with audible and visible alarms
to alert crewmembers when contaminant
concentrations exceed maximuim accepi-
able levels.

2. An additional monitor shall be avail-
able to identify and quantify target or-
ganic compounds and take measurements
at regularly scheduled intervals.

b. Compound-Specific Monitoring :
1. Compound specific monitors shall be

located near equipment, chemical opera-
tions, and processing activities which are
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potertial sources of chemical contaming-
tion of the space module. These monitors
shall be used to monitor for specific
chemical contaminants in the air. These
analyzers shall have continuous real-time
monitoring capabilities.

2. These monitors shall be equipped with
audible and visible alarms to alert crew-
members when concentrations exceed
maximum acceptable levels.

¢. Particle Monitor - A monitor shall be
provided to determine nonspecific particu-
late loading in the air on a real-time basis.
Respirable particles in the 0.5-100 micron
range per unit volume of air shall be
measured.

5.1.3.4 Atmosphere Microbiologi-
cal-Monitoring & Control Design
Considerations
{A}

The microbiological monitoring and con-
trol design considerations are as foliows.

a. Limits - The limits given in Figure
5.1.3.4-1 shall be observed.

b. Air Sampler - Monitoring of the air will
be conducted. An air sampler shall
monitor air throughout the habitable
areas of the facility. It shall be capable of
monitoring for the presence of bacteria,
yeast and molds.

5.1.3.4.1 Microbial Decontamination
Design Requirements
(A)

Decontamination is required when accept-
ability limits are exceeded or sensory factors indi-
cate microbial contamination has occurred.
Decontamination procedures, antimicrobial
agents, and supporting equipment shall be
provided to counteract and control all contamina-
tion events.
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Menitoring Requirements

Sample source Preflight

Inflight

Postflight Acceptability Limit

Ar Prior to closeout

Keekly intervals
and within 12 hrs

of crew exchange

Levels of airborne
microorganisms may

not exceed 500 CFU

por cublc meter

Reference: 278, Figure C-2-8
With Updates
Notes: GFU - Colony forming unites

MSI5-73

REW. A

Flgure 5.1.3.4-1 Atmosphere Micrebloiogical Limits and Monitoring Requirements

5.1.3.4.2 Verification Design Require-
ments
(A}

Following decontamination measures, the
previously contaminated entity shalil be re-tested
and verified to be within acceptability limits.

5.1.3.4.3 Cross Contamination Design
Requirements
{A}

The following cross contamination design
considerations shall apply:

a. Bigisolation Facilities - All procedures in-
volving the maintenance and experimenta-
tion activities of biological specimens will
be conducted in bioisolation facilities that
prevent microbial (bacteria, fungi, and
parasites) cross- contamination between
crewmembers and biological specimens,

b. Pathogen Free Animals - All experimen-
tal animals to be utilized aboard the space
module shall meet the specific pathogen free
criteria established for the applicable
project.
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5.1.3.5 Baro-Thermal Monitoring
Design Requirements
(A}

To insure that ail environmental control sys-
tems are functioning properly, the Environmental
Monitoring System shall monitor and record at-

mospheric parameters from each habitable ele-
ment,

5.2 MICROGRAVITY
{0}

5.2.1 Introduction
{0}

This section provides a short description
of the design considerations for the
microgravity environment. The physiological
effects of microgravity are stressed. More
detailed data related to microgravity are
found in Paragraph 3.3.4, Neutral Body Pos-
ture; Paragraph 4.0, Human Performance
Capabilities; Paragraph 5.3, Acceleration;
Paragraph 8.0, Architecture; paragraph 9.0,
Workstations; and Paragraph 11.0, Hardware
and Equipment.



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

The term "microgravity" denotes the ac-
celeration regime commonly referred to as
"weightlessness", "zero gravity", or "null
gravity". It is almost impossible to achieve a
pure "zero-g" environment due to the orbital
mechanics. The only place on a spacecraft (in
a stable orbit) that is at "zero-g" is at the
spacecraft’s center of mass.

For the purposes of man-system integra-
tion, any acceleration level below 1E-4 G's is,
for all practical purposes, "zero-gravity", or
"weightlessness”, or "microgravity’. The
physiological and performance effects are the
same at any acceleration level at, or below,
this approximate g-level.

5.2.2 Microgravity and Its
Counterparts Design Considera-
tions

(0)

This section addresses the physiological
effects and the changes in eating, sleeping,
and mobility design considerations associated
with the microgravity environment.

5.2.2.1 Physiological Effects of
Microgravity
{0}

This section addresses some of the
physiological effects of microgravity. There is
much more detail available on each of the
selected topics that can be found in the refer-
ences cited for this paragraph (refer to Appen-
dix B in Volume 2).

Duration of microgravity exposture is a
major factor in determining the detrimental
effects described below. The longest US mis-
sion to date was the Skylab 4 mission of 84
days. There is a significant body of literature
on the biomedical effects observed on this and
the other Skylab missions. The Soviets have
had crewmembers on orbit for a maximum of
over 300 days. The biomedical data from
these long- duration Soviet missions have not
been widely published.
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In general, it takes the body about three
days to adjust to the microgravity environ-
ment. Most crewmembers become accus-
tomed to working and living in space within a
few hours and their performance improves
throughout the mission. Most of the adverse
biomedical effects are reversed within a mat-
ter of hours to weeks following return to Earth,

a. Calcium Loss - One of the biggest con-
cerns during long-term microgravity ex-
posure is the calcium loss from the bones.
During the Skylab missions, this loss was
not excessive. The Soviets indicate that
the rate of calcium loss slows after four or
five months. Calcium loss (which is
similar to osteoporosis and is referred to
as bone mass loss or bone demineraliza-
tion) will limit the length of time crew-
members can remain in microgravity. At
this time dietary mineral supplements are
not known to be effective in preventing
bone mass loss.

b. Fluid Shifts, Skeletal Changes, and
Muscle Mass Loss - Other physiological
effects are due to fluid shifts and
decompression of the spine. The muscle
mass of the lower body and, in particular
the calves, becomes smaller due to disuse
atrophy. Exercise can help reduce this
tendency.

The body length increases due to spinal
lengthening and straightening. The discs
between the vertebrae expand (sitilar to
what happens when sleeping) but do not
recompress because of the lack of gravita-
tional compression forces. There is also an
upward shift of the internal organs caus-
ing a reduced waist measurement. These
considerations should be taken into ac-
count when sizing space clothing.

There is a microgravity neutral body pos-
ture that results from a balancing of mus-
cular forces acting on the various body
joints in the weightless environment (see
Figure 3.3.4.3-1). This neutral body pos-
ture causes some peculiar performance
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effects. For example, it is difficult to work
at waist level as is done on Earth as the
arms must be continually forced down to
the waist level to do work at the table top
level. Itis also difficult to bend forward as
this requires significant effort by the ab-
dominal muscles. It is difficult to stand
erect or sit in an upright (1-G) manner,
Putting on shoes and socks becomes a
significant chore if tried to be done as it is
on Earth.

Fluid shifts occur that redistribute body
fluids toward the upper body. This is due
to the lack of gravity effects that normally
distribute the fluids toward the lower
body. The most visible effect of fluid shift
is seen in the face and neck. The face
becomes swollen and the veins in the
forehead and neck appear distended.

¢. Vestibular Alterations - Another system
adversely affected by the microgravity en-
vironment is the vestibular complex. Two
categories of vestibular side effects result
from microgravity. One category includes
a variety of vestibular reflex phenomena
such as postural and movement illusions,
vertigo, and dizziness. The second
category is space motion sickness. These
two categories of response are believed to
be closely tied; motion sickness often fol-
lows vertigo and postural illusions. There
is evidence to suggest that as vestibular
reflex phenomena disappear with adapta-
tion, the rise of motion sickness subsides.

Conflicting stimulation of the visual, ves-
tibular, and proprioceptive systems can
produce deficiencies in sensory-motor
coordination, including control of posture.

Space motion sickness exhibits symptoms
resembling Earth motion sickness. These
symptoms range from stomach awareness
and nausea to repeated vomiting.
Symptoms also include pallor and sweat-
ing.
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Space sickness has been a recurring prob-
lem in the history of manned space flight.
While this syndrome appears to decline
within three to five days, in some cases,
the degree of illness has hindered work
capacity and disrupted the scheduling of
important mission activities. Nine of the
25 Apollo astronauts suffered some degree
of sickness, while five of the nine Skylab
crewmembers experienced symptoms.
Soviet cosmonauts have reported similar
experiences. There were suggestions that
the 1971 Soyuz 10 flight may have been
prematurely ended due to space motion
sickness.

Errors in interpreting the visual environ-
ment can occur during space motion sick-
ness. Errors in the perception of lights are
common. Fatigue may cause a loss of
binocular vision. Movement illusions are
marked by perceived rotation or by chan-
ges in perceived linear acceleration.

(Refer to Paragraph 4.5, Vestibular Sys-
tem, for detailed discussion of the effects
of microgravity on the vestibular system;
this includes more information on space
motion sickness.)

(Refer to Paragraph 4.6, Kinesthesia, for a
discussion of the effects of microgravity on
kinesthesia.)

(Refer to Paragraph 4.8, Motor Skills, for
a discussion of the effects of microgravity
on coordination.)

5.2.2.2 Sleeping, Eating, and
Mobility Changes in Microgravity
{0}

In the microgravity environment, sleep-
ing, eating and mobility are all affected in
sonie measure.

a. Sleep - It is difficult to isolate weight-
lessness as a factor influencing the quality
of sleep. Sleep disturbances have been
common during space flight, but these
appear to be much more profoundly af-
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fected by operational factors (thruster
firings, fan noise, crew mobility) than by
the microgravity environment alone.
(Refer to Paragraph 7.2.4, Sleep, for more
detailed discussion.)

b. Eating in Weightlessness - Space diets
have consisted of freeze-dehydrated, in-
termediate moisture, thermo stabilized,
and limited irradiated food. The freeze-
dehydrated food is reconstituted inflight
with either hot or cold water. Drinks and
snacks are also provided. Initially, these
foods were eaten through tubes incor-
porated into the food container, but it has
been found that eating foods can be ac-
complished using conventional utensils.
As food technology has improved, the food
and food service utensils have approached
the traditional practices on Earth.

(Refer to Paragraph 7.2.2, Nutrition, for
details on nutrition.)

(Refer to Paragraph 10.5, Galley and
Wardroom, for galley design considera-
tions and requirements.)

¢. Mobility - The absence of gravity has
been found to be a bonus for locomotion
in space. Once accustomed to movement
in microgravity, mobility is accomplished
with minimal effort. Acrobatic
maneuvers, such as rolling, tumbling, and
spinning, are done with ease.

(Refer to Paragraph 11.8 Mobility Aids, for
mobility design considerations and re-
quirements.)

5.2.3 Microgravity Design Require-
ments
(O}

The microgravity design requirements are
given in other paragraphs where the applicable
acceleration regime has been coded {0} (O =
orbital). Refer to Appendix G in Volume 2 for a
complete listing of all paragraph’s acceleration
regime applicabilities.
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(Refer to Paragraph 1.4.3.3, Acceleration
Regime Applicability, for an explanation of
the acceleration regime coding used in this
document.)

5.3 ACCELERATION
{A)

5.3.1 Introduction
{A}

This section addresses the design con-
siderations and requirements for linear, rota-
tional, and impact accelerations.

The documents and database include a
coding for each paragraph that designates
which acceleration regime(s) are applicable to
the data.

(Refer to Paragraph 1.4.3.3, Acceleration
Regimes Applicability, for an explanation
of this coding.)

Figure 5.3.1-1 shows the coordinate sys-
tem nomenclature that is used in this docu-
ment. This system is based on the direction a
body organ (e.g., the heart) would be dis-
placed by acceleration. Table II in this figure
(and in particular, system 4, which is based on
displacement of body fluids) explains the most
commonly employed terms.

(Refer to Paragraph 5.5, Vibrations, for
the related acceleration environment of
vibrations.)

(Refer to Paragraph 4.5, Vestibular Sys-
tem, for a description of the human ves-
tibular system that is pertinent to
discussion of acceleration environments.)

(Refer to Paragraph 5.2, Microgravity, for
the special considerations and require-
ments for the microgravity environment.)
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A

Reference: 10}, page 8 With Updates +Gx

“
MSIS 436

Rewv.
10f 2

Figure 5.3.1.-1 Acceleration Environment Coordinate System Used in MSIS
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LINEAR MOTION Direction of Acceleration Inertial Resultant of Body Acceleration

Acting Force | Acceleration Description Reaction Force |Verticular Description

Forward +ay Forward accel. +Gy Eye Balle In

Backward -ay Backward accel. ~Gyx Eye Balls Out
Upward -az Headward accel, +Gz Eye Balls Down

Downward +az Footward accel. -Gz Eye Balls Up
To Right tay R, lLateral accel. +Gy Eye Balls left
To Left -ay L. Lateral accel. -Gy Eya Balls Right

ANGULAR MOTION

Roll Right +p =Ry Cartwheel

Roll Left -p +Ry

Pitch Up + -Ry Somersault
Pitch Down -4 +Ry

Yaw Right +r +Ry Pirouette

Yaw Left ~F -R;

FOOTNOTES

Large letter, ¢, used as unit to express inertial resultant to whole body
acceleration in multiples of the magnitude of_ the acceleration °£ gravity.
Acceleration of gravity, g., = 980,665 cm/gec® or 32.1739 ft/sec

Raference: 380
With Updates

MSIS 435

Roew. A
2 of 2

Figure 5.3.1-1 Acceleration Environment Coordinate System Used in MSIS
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5.3.2 Acceleration Design
Considerations
{A}

This section describes the acceleration en-
vironments and the human responses to these
environments.

5.3.2.1 Acceleration Environments
(A}

This section contains the descriptions of
the linear, rotational, and impact acceleration
environments that can be encountered during
space vehicle operations of launch, on-orbit,
transorbit, planetary, entry, and aborts.

5.3.2.1.1 Linear Acceleration
Environments
A}

For space systems, sustained linear ac-
celeration environments include the follow-
ing:

a. Low Accelerations Experienced in Tran-
sorbital Flight - Approximately 10%t0 10*
G’s (omnidirectional)

b. Low G-Levels Found on the Moon and
Mars - Approximately 0.17 to 0.4 G's.

¢. 1-G Level On Earth.

d. Multi-g’s Experienced During Launch,
Entry, and Abort Operations:

1, Approximately 1 to 6 +Gx during
launch and entry (pre-Shuttle).

2. Approximately 1 to 2 +Gx during
stage separation.

(Space Shuttle range is 1 to 3 +Gx during
launch with a 4+ Gx spike at booster igni-
tion and 1/2 +Gx during separation
maneuvers.)
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5.3.2.1.2 Rotational Acceleration
Environments
(A}

In the space environments, rotational ac-
celerations are encountered during one of the
following flight events:

a. Orbital Maneuvers - Agproximately +/-
0.8 to +/- 1.46 deg/sec” (omnidirection-
alb).

b. Launch/Entry/Abort Maneuvers - Ap-
proximately +/- 10 deg/sec2 (omnidirec-
tional).

5.3.2,1.3 Impact Acceleration
Environments
(A)

Impact accelerations are abrupt onset,
short duration, high magnitude accelera-
ton/deceleration events. It is generally con-
sidered that impact involves the occurrence of
forces of less than one second duration. Some
impact conditions to which space crewmem-
bers may be exposed include; thruster firing,
ejection seat/ejection capsule firings, escape
device deployment, flight instability, air tur-
bulence, and crash landings:

Aircraft ejection seat firings - up to 17
+Gz

Crash landings - from 10 to greater
than 100 G’s (omnidirectional)

Orbiter crew compartment design
loads for crash landings are 20 Gxand
10 +Gz.

Violent maneuvers - approx. 2-6 G's
{omnidirectional).

Parachute opening shock - approx. 10
+Gg.
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5.3.2.2 Human Responses to
Linear Acceleration
{A}

This section describes the human respon-
ses to linear accelerations. This includes the
factors that affect human tolerance to linear
accelerations and the general and specific
human responses.

5.3.2.2.1 Factors Affecting
Human Acceleration Tolerance
(A)
Linear acceleration tolerance depends on
many factors. The following is a brief sum-

mary:
a. Magnitude of the applied force.
b. Duration of the applied force.

¢. Rate of onset and decline of the applied
force.

d. Direction of the g vector.

e. Types of g-protection devices and body
restraints.

f. The coupling between the crewmember
and the vehicle via seats, couches, etc.

g. Body positioning, including the specific
back, head and leg angles.

h. Environmental conditions such as
temperature and lighting.

i. Age of the crewmember.

j. Emotional/motivational factors such as
competitive attitude, fear, anxiety, self-
confidence, confidence in equipment, and
willingness to tolerate discomfort and
pain.

k. Previous acceleration training, techni-
ques of breathing, straining, and muscular
control.
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1. Human Physical condition.

m. Extent of Microgravity Adaptation and
Body Fluid Shift.

n. Dietary Habits, particularly with respect
to the quantities of Fruits, Fibers, and
Fluids ingested.

5.3.2.2.2 Subjective Effects of
Linear Accelerations
(A)

The following is a summary description of
the combined human responses to specific
linear acceleration vectors and magnitudes.

In operational situations it is unusual, if
not impossible, for acceleration to remain
precisely constant. Accelerations may be ac-
companied by complex oscillations and vibra-
tions. For purposes of the following
discussion, it is simpler to consider the
response to sustained linear accelerations in
one direction:

a. Upward Acceleration Effects ( +
Gz) (In Seated Posture)

1 Gy Equivalent to the erect or
seated terrestrial posture
2Gy Increased weight; increased
pressure on buttocks; droop-
ing of face and body tissue

21/2 G, Difficult to raise oneself

3-4Gz Impossible to raise oneself;
difficult to raise arms and
legs; movement at right
angles impossible; progres-
sive dimming of vision after
3-4 seconds; progressive tun-
neling of vision

41/2 -6 Gz Diminution of vision;
progressive blackout after
about 5 seconds; hearing and
then consciousness lost if ex-
posure continued; mild to
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severe convulsions in about
50% of the subjects during or
following unconsciousness,
frequently with bizarre
dreams; occasionally pares-
thesias, confused states, and
rarely, gustatory sensations;
no incontinence; pain not
common, but tension and
congestion of lower limbs
with cramps and tingling; in-
spiration difficult; loss of
orientation of time and space
for up to 15 seconds post-ac-
celeration

b. Downward Acceleration Effects
(-G
-1G; Unpleasant, but tolerable, fa-
cial suffusion and congestion
-2t0-3 Gz Severe facial congestion;
throbbing headache; ori-
gressive blurring, , or gray-
ing, or occasionally
reddening of vision after 5
seconds; congestion disap-
pears slowly; may leave
petechial hemorrhages,
edematous eye-lids

-5Gz Five seconds is limit of
tolerance rarely reached by
most subjects

¢. Forward Acceleration Effects ( + Gx)
2-3Gx Increased weight and ab-
dominal pressure; progres-
sive slight difficulty in
focusing and slight spatial
disorientation, each subsid-
ing with experience; 2 Gx
tolerable for at least 24
hours; 4 Gx tolerable up to at
least 60 minutes
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3-6Gx Progressive tightness in
chest, chest pain; loss of
peripheral vision; difficulty
in breathing and speaking;
blurring of vision, effort re-
quired to maintain focus
6-9Gx Increased chest pain and
pressure; breathing difficult,
shallow respiration from
position of nearly full inspira-
tion; further reduction in
peripheral vision, increased
blurring, occasional tunnel-
ing, great concentration re-
quired to maintain focus;
occasional lacrimation;
body, legs, and arms cannot
be lifted at 8 Gx; head cannot
be lifted at 9 Gx

9-12Gy  Breathing difficulty severe,
increased chest pain, marked
fatigue, loss of peripheral
vision, diminution of central
acuity, lacrimation

15 Gy Extreme difficulty in breath-
ing and speaking, severe
vicelike chest pain; loss of
tactile sensation, recurrent
complete loss of vision

d. Backward Acceleration Effects (- Gy)

Similar to those of + Gy acceleration with
modifications produced by reversal of the
force vector. Chest pressure reversed,
hence, breathing is easier; pain and dis-
comfort from outward pressure toward
restraint harness manifest at 8-Gx; for-
ward head tlt cerebral hemodynamic ef-
fects akin to Gz; feeling of insecurity from
pressure against restraint

e. Lateral Acceleration (4/- Gy)Little in-
formation available



+/-3 Gy

+/-5 Gy

Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL./REV.B

Discomfort after 10 seconds;
pressure on restraint system;
feeling of supporting entire
weight on clavicle; inertial
movement of hips and legs;
yawing and rotation of head
toward shoulder; petechiae

5.3.2.2.3 Specific Effects of

Linear Accelerations

{A)

There is a large amount of data that
describes the effects of accelerations on
specific body systems. Refer to the references
cited in Figure 5.3.2.2.3-1 for detailed discus-

and bruising; engorgement sions.
of dependent eibow with
pain
14.5 seconds leads to exter-
nal hemorrhage; severe
headache after exposure
" s Refarence Page
Specific physiological effects number number
a, Posture changes 92 49-154
(also refer to Paragraph 3.3.1)
b. Mobility changes 10 748
(also refer to Paragraph 3.2.2)
¢. Vision changes 36 525--527
92 155160
(also refer to Paragraph 4.2)
d. Grayout and blackout 36 525
g2 152
e. Reaction time 36 525
{also refer to Paragraph 4.7)
f. Cardiovascular work 9? 154’373-3?8
g. Vestibular effects 10 764 10 7-95
86 35-45
o2 387-389
(also refer to Paragraph 4.5)
h. Gas exchange 7 154, 373-389
o2 3545
387--389
i. Fluid pooling 7 17
i Motion sickness 86 36-37
o2 553

Figure 5.3.2.2.3-1. Sources of Data for Specific
Physiological Effects of

Linear Acceloration
5-34
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5.3.2.3 Human Responses to
Rotational Accelerations
(A}

Tolerance to rotational accelerations
depends on the interaction of at least three
factors: 1) center of rotation with respect to
the body, 2) axis of rotation, and 3) the rota-
tion rate.

Most subjects, without prior experience,
can tolerate rotation rates up to 6 rpm in any
axis or combination of axes.

Most subjects cannot initially tolerate
rotation rates in the region of 12 to 30 rpm
and rapidly become sick and disoriented
above 6 rpm unless carefully prepared by a
graduated program of exposure.

Rotation rates of 60 rpm for up to 3 or 4
minutes around the pitch axis (y-axis) and
around the yaw axis (z-axis) have been
described by subjects as being not only
tolerable but pleasant.

Rotational rates at about 80 rpm in the
pitch mode and at about 90-100 rpm in the
yaw mode are intolerable.

In the pitch axis, with the center of rota-
tion at the heart level, symptoms of backward
acceleration ( - Gy) are demonstrated at about
80 rpm and are tolerable for only a few
seconds. Some effects of forward acceleration
(+ Gy), namely numbness and pressure in the
legs, are also observed but develop slowly,
with pain being evident at about 90 rpm. No
confusion or loss of consciousness is found,
butin some subjects disorientation, headache,
nausea, or mental depression are noted for
several minutes after a few minutes of ex-
posure.

With rotation in the yaw mode, when the
head and trunk are inclined forward out of the
Z-axis, rotation becomes close to limiting at 60
rpm for 4 minutes, although, some motivated
subjects have endured 90 rpm in the same
mode. Except for unduly susceptible subjects,
tolerance tends to improve with exposure,
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Long-duration runs in the pitch mode have
been endured up to about 60 minutes at 6 rpm
in selected subjects.

Unconsciousness from circulatory effects
alone occur after 3 to 10 seconds in the pitch
mode at 160 rpm with the center of rotation
at the heart and at 180 rpm with the center of
rotation at the iliac crest.

Severe disorientation and performance
degradation have been experienced by air and
space crewmembers during random tumbles.
Serious problems persist through the period of
tumbling causing disorientation, reach and
manipulative performance degradation ul-
timately interfering with the ability to make
corrective actions.

It has been recommended that if rotation
is used to create artificial gravity, the follow-
ing generat principles should be cbserved to
minimize the effects of rotational acceleration
on the human:

a. Radial traffic should be kept to a mini-
mum.

b. The crewmembers should not traverse
through the spin axis unless the hub is
nonrotating.

c. The living and working areas should be
located as far as possible from the axis of
rotation.

d. The compartments should be oriented
so that the primary traffic paths are paral-
lel to the vehicle spin axis.

e. Workstation positions should be
oriented so that, during normal activity,
the lateral axis through the crewmember’s
ears is parallel to the spin axis. In conjunc-
tion with this, the controls and displays
should be designed so that left/right heat
rotations and up/down arm motions are
minimized.
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5.3.2.4 Human Responses to
Impact Accelerations
{A}

Tolerance to impact and shock is usually
based upon skeletal fracture levels. Damage
to the vertebrae is most common. At higher
levels of impact, injury to the head is the most
frequent and severe manifestation.

There are two main factors which, when
combined with the amplitude of acceleration,
determine tolerance. These are 1) the time
function, i.e., the total time of acceleration
exposure and 2) the orientation of the subjects
with respect to the direction of acceleration,

primarily the relationship between the lon-
gitudinal (spinal) axis and the acceleration
vector. For linear impact accelerations, those
applied at right angles to the spinal axis are
better tolerated than those applied parallel to

Figure 5.3.2.4-1 shows impact survival ex-
perience. It should be noted that numerous
biophysical factors influence survival, so the
"approximate survival limit" shown is only an
estimate,

Veilocity
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¥ CM

o1l 200+ 300 / Ve -
3
1 50 o °/ \\\\\\\\\ / ‘3 _5_
60} 120 200 _Approximate terminal VBIOCIW of human yi 2
[ “In free fall af Jow alti i de RN / o]1000 &
100 {Racmg speeds} Pa?é\c‘i;t\l;& A\ : 600 g
801 \\\\\ \ > b:pening d g% 3
30F 100F evere auto S S / shock 1200 £
601 accndents LA N W ® J1is0 2
50 \ / Fall into yd 6 1100 >
& 40 . \ \\ o -\\\ a firemen'’s net /‘é‘q.- ] gg :8:
b - [
30 \s\\ Falls which i a0 S
12 25 401 / \\ \ \ have been 7/\0 1 30 %
L survived 4 20 3
ot 20k 30 o214 15 B
e / Head impacts / /7 o %5
6 20F & tolerated AR, o s
with heimets o éPar achute / e 3 2
10k stimated \d‘ata- landing® o]
head \ N mlu\\ AN / £\ 2
8t ” deceleration \ )m.\\ VD ] °
L 10 in fall from / 2 =
&k standing / ]
8 position / / 4 1 u

5‘ i L L 1 L 1 i i L L d 1 .

0.01 0.02 004006 0.1 0.2 04 06 1 2 4 6 10 20 feet
1 | L L L L 1 A 1 14 L [ 1 1 4
0.25 0.5 1 2 34 6 81012 24 48 72 120 240 inches
0.003 0.006 0.0120.0180.03 006 0.120.18 03 06 1218 3 6.1 meters

Deceleration, distance

Reference: 92, Figure 6-3, page 228
407,408,409,417

MSIS-49

Figure £.3.2.4-1. Impact Survival Experience
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resistance of human body near sea level)
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5.3.3 Acceleration Design Require-

ments
(A}

5.3.3.1 Linear Acceleration Design
Requirements
(A)

The following linear acceleration design re-
quirements shall be observed:

a. Linear Acceleration Limits for Uncondi-
tioned and Suitably Restrained Crewmem-
bers - The accelerations in any vector shail
not exceed those magnitudes and durations
specified in Figure 5.3.3.1-1,

b. Linear Acceleration Limits for Precondi-
tioned and Suitably Restrained Crewmem-
bers - Accelerations shall not exceed those
magritudes and durations specified in Fig-
ure 5.3.3.1-2,

(Refer to Paragraph 11.7.2.3.3.2, Body
Restraint Loads, for seat belt and shoulder
harness design loads.)

5.3.3.1.1 Entry Acceleration Design
Requirements
(A}

The emergency vehicle shall be capable of
limiting sustained entry acceleration to be no
greater than 4G’s in the +/- Gx direction, 1 G in
the +/- Gy direction, and 0.5 G’s in the +/- Gz
direction.

5.3.3.2 Rotational Acceleration
Design Requirements
(A)

The following rotational acceleration design
requirements for rotation about the pitch axis shall
be observed:

100.0

T T

10.0

Acceleration, G

IiliAll] 1 F ]

1.0 A n A NI I |
0.01

Reference: 198, page 13
415,418

Timae, min

1.0

MSIS-80

Figure 5.3.3.1-1. Linear Acceleration Limits for
Unconditioned and Suitably
Restrained Crewmembers
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Reference: 78, page 1-164

MSIS-51

Figure 5.3.3.1-2. Linear Acceleration Limits for
Pre-Conditioned and Suitably
Restrained Crewmembers
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a. Rotational Acceleration Limits With Cen- 5.3.3.3 Impact Acceleration Design

ter of Rotation at the Hearr - Accelerations
shall not exceed the limits specified in Fig-

ure5.3.3.2-1.

b. Rotational Acceleration Limits witha G

Field Decaying from 35 to 15 G’s - Ac-
celerations shall not exceed the limits
specified in Figure 5.3.3.2-2.

Requirements
{A)

Impactaccelerations are those thatoccur over
times of less than one second. Impactacceleration
limirs are as follows:

a. Impact Acceleration Limits - Impact for-
ces shall not exceed those shown in Figure
5.3.3.3-1.

Experimentally
determined line
for incidence
of conjunctival
petechiae

Increasing pain, Increasing increasing possibitity
petechiae, édema possibility of of mechanical

1 Ry about the heart

Unknown But probably dangerous

Unconsciousness and

unconsciousness cersbral damage
Theoretical  Extrapolated Extrapolated
venous A-V pressure A-V pressure
pressure of {  difference differsnce
80 mm Hg = 30 mm Hyg 1))
at eye ieval
/ Unknown
: )/A/ J// /l 1 ] 1 i
40 60 80 100 120 140 160 180 200

Rotation rate, rpm

Reference: 78, page 1-187

Figure 5.3.3.2-1. Rotational Acceleration Limits for Rotation About the Pitch Axis With No
Superimposed Deceleration Field With Center of Rotation at the Heart

5-39

MSi5-52



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

700

-

Simple Tumbling Center of Rotation at lliac Crest

Experimentally
determined line
for incidence
of conjunctival
petechiae

b4 f%y about the iiiac crest

100 Unknown But probably dangerous

Increasing pain,
petechise, edema

§ Increasing possibility of
v unconsciousness and
£ mechanical cerebral
i damage
Theoretical
;?n:; :“‘:,:e::: e Extrapolated Extrapolated
», At eye level A-V pressure A-V pressure
difference difference
=30mmH =0
'r -— —, pu— — ——
Unknown Y
1| ! // //l .A L1 1 g
40 60 80 100 120 140 180 180 200

Rotation rate, tpm
Reference: 78, Figure 9, page 1-187

Figure 5.3.3.2-2. Rotational Acceleration Limits for Rotation About the Pitch Axis With
No Superimposed Deceleration Field With Center of Rotation at the
Hiac Crest

(Duration of force < one second)
pirection of . Impact limit Rate of impact
impact acceleration
+Gx 20G 1,000 G/sec
+Cy 20G 1,000 Gisec
+Gz 15G 500 Gisec
45 deg off-axis 20G 1,000 G/sec <
i !
{any axis) - 4‘
i
=r

Reference: 198, Page 18

Figure 5.3.3.3-1. Impact Acceleration Design Limits
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5.4 ACOUSTICS
{A)

5.4.1 Introduction
(A}

Acoustics is the science and technology of
sound, including its production, transmission,
and effects. Sound is generally used to refer
to any vibration or passage of zones of com-
pression and rarefaction through the air orany
other physical medium which is sufficient to
stimulate an auditory sensation. The primary
concern here is with sound that arrives at the
crewmember’s ear via an airborne path.

This section establishes the appropriate
noise level for manned spacecraft. Acoustic
design requirements include general design
goals, and noise exposure limits for working
and living areas. Examples of typical acoustic
design solutions are included. This section
also discusses the potential sources of noise,
propagation paths to the receiver, and human
response to noise. (Refer to Paragraph 4.3,
Auditory System, for related information.)

5.4.2 Acoustics Design Considera-
tions
{A}

The acoustical design goals are to establish
a satisfactory environment relative to the
human response to noise, to prevent hearing
loss, to minimize disruption of speech com-
munications, and to minimize noise-induced
annoyance/stress factors.

Launch/entry noise is categorized as
short-term noise exposure. Orbiting {and
flight) phase spacecraft noise limits are in the
category of long-term exposure, where dura-
tion of exposure is a very important considera-
tion.

Acoustic noises are pressure fluctuations
in the atmosphere, measured with instru-
ments displaying sound pressure levels in
logarithmic units known as decibels (dB). The
ear perceives sound pressure amplitudes with
logarithmic sensitivity; therefore, it is more
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convenijent to express sound pressure in terms
of decibels.

The threshold of hearing in the frequency
range of 1000 to 5000 Hz is about 20
uPascals (2.9X 107 psi). The ear experiences
pain when the sound pressure reaches about
200 Pascals (0.029 psi). The ratio of sound
pressure between thresholds of hearing and
pain at the ear is about 10°. Sound pressure
level in dB is a ratio between any two sound
pressures where one sound pressure is a ref-
erence sound pressure, usually the threshold
of hearing (20 uPascals). The definition of
sound pressure level (SPL) is:

where "P" is the root-mean-square sound
pressure in Pascals for the sound in ques-
tion, and "Po" is the reference sound pres-
sure is 20 X 10°° Pascals. The dynamic
range of hearing is therefore:

Figure 5.4.2-1 shows the relationship of
sound pressure level in decibels to sound pres-
sure in Pascals., Some approximate SPLs for
certain sounds and noises are indicated.

5.4.2.1 Acoustic Environments
Design Considerations
{A}

Spacecraft crewmembers should be
provided with an acoustic environment that
will not cause injury or hearing loss, interfere
with voice or any other communications,
cause fatigue, or in any other way degrade
overall man/machine system effectiveness.

A high noise level environment typically
occurs during the launch (boost) phase. The
primary concern is crewmember exposure
that will cause hearing loss or interfere with
intercom and radio voice transmission.

The on-orbit and flight phase of spacecraft
missions is of relatively long duration. During
work periods, the summation of the individual
sound pressure levels from all operating sys-
tems and subsystems should not exceed ex-
posure limits that will cause hearing loss or
interfere with voice communication. Sleep
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Sound pressure lavel (SPL) Sound pressure i
in decibeals (dB) in Pascals (psi)
141 (14.7
183~ 100,000 -7)
186 T
1 1.47
Some milltary guns ]Zg 1 10,000 147
% T
%
Sonic booms 1 g% = 100 (14,7001}
Threshold discomfort, 120
1000 Hz tone, steady state }(1)3 -:L 10 (1470 p)
. 102 =
1500 ft. from commaercial & L
jat aircraft ¥ (147y)
78 -
50 fi. from auto, 35 mph 74 - A (14.70)
. 72 -+
Speech in noise, 66 +
1 meter from talker 60 -
Speeach in quiset, 54 =1~ 01 (1.474)
1 meter from talker jg T
1 R -
s (0.147 1)
fé —+  100m (0.01471)
Audiometer threshold, 1000 Hz —p»= 6 -+
Open ear threshoid, 1000 Hz tone —gm 0  —~ 20 (0.002911)
Open ear threshold, 4000 Hz tone —pw -6 == 10 (0.00147 1)
42 -+

Reterence: 223, Figure 2.2, Page 8

Note: p
1. Sound pressure level in decibels (dB} 20 log 1p( ZORPa )

2. Normal atmosphere is {0 deg C sea level) 1bar=14.7 lbain 22117 Ik:us;!ft2 -
105 Pascals = 105 dynes/ci 2= 194 dB re 201t Pa = 10° Newtons/m?

3. Every doubling of the sound pressure ¢auses an incraase of 6 dB

4. A 1.41 increase in sound pressure causes an increase of 3 dB in sound pressure
level and represents a doubling of sound energy

5. The SPL's given here are for linear frequency weighting

MSIS-69

Figure 5.4.2-1. Sound Pressure Level (dB) as a Function of Pascals and PS!
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and rest period noise levels should not exceed
noise levels that interfere with sleep or com-

fort and the hearing of wanted sounds.

The entry phase is similar to the launch
phase, because high-level noise typically oc-
curs within the spacecraft for a relatively short
time. Hearing loss and interference with in-
tercom and radio voice transmission are of
primary concern.

5.4.2.1.1 Launch Phase Acoustic
Environment
{L}

The noise environment within the
spacecraft during the launch phase is, initially,
the result of high level jet noise of the booster
rockets impinging on the outer surface of the
fuselage and being transmitted to the
spacecraft interior. As the spacecraft ac-
celerates from its launch pad, noise reduces
due to loss of ground reflection, and jet noise
diminishes as velocity increases. With in-
creasing velocity, however, the crew compart-
ment receives aerodynamic noise generated
by boundary layer turbulence along the outer
surface of the fuselage. This boundary layer
noise reaches its maximum level as the
spacecraft passes through the range of maxi-
mum dynamic pressure and decreases
progressively thereafter. Aerodynamic noise
becomes insignificant approximately two
minutes after liftoff.

Figure 5.4.2,1.1-1 shows Space Shuttle
Orbiter noise, external and internal, of the
crew module during the atmospheric launch
phase. Crewmember exposure is less than the
internal noise level because of the attenuation
offered by helmets.

5.4.2.1.2 On-Orbit Phase Acoustic
Environment
{0}

The flight and on-orbit acoustic environ-
ment within the spacecraft is composed of
continuous (long-duration) and intermittent
(short-duration) noises.

a. Typical continuous sources of on-orbit
noise are:

1. Environmental control equipment,
(e.g., motors, fans, pumps).

2. Avionics equipment (e.g., trans-
formers, oscillators).

b. Typical intermittent sources of on-orbit
noise are:

1. Waste control system pumps, fans,

valves.
2. Galley fans.
3. Personal hygiene station pumps,
fans, valves.
160 fwwm OASPL external

K External

fid B —-/_’-—\.

= 140

8

»

. 130

a Flight data

_g 120r,, OASPL internal

Z

8 10 Internal

@
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m L ] L 1 1 1 . L
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Refersnce: 214, page 24

Figure 5.4.2.1.1-1. Space Shuttle Orbiter-Crew
Moduie Noise Survey Launch
Phase
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4. Pressure regulators.

5. Thruster firings.

Figure 5.4.2.1.2-1 shows Space Shuttle
Orbiter mid-deck and flight deck noise spectra
during the on-orbit phase. Component noise
spectra of individual prime noise sources are

included,
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Figure 5.4.21.2-1 Space Shuttle Orbiter On-Orbit Noise
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5.4.2,1.8 Entry Phase Acoustic
Environment
{L)

The noise environment within the
spacecraft during the entry phase is
dominated by boundary-layer turbulence con-
taining broadband noise of high intensity.
The sound pressure levels during entry are
comparable with those produced during the
maximum dynamic pressure at launch, but the
high intensities may be maintained for a
longer period of time during entry.

5.4.2.2 Propagation of Noise
Design Considerations
{4)

Noise and vibration travel different paths
to reach the ear. Airborne noise travels
through the air ducts and other openings that
exist in enclosures as well as directly between
source and ear for exposed equipment. Noise
emitted into equipment enclosures, such as
the avionics and equipment bays, couples with
the enclosure surfaces and reradiates into the
crew module where the noise again reaches
the ear through airborne transmission. Vibra-
tion generated by rotating motors, fans,
pumps, and transformer oscillations travel
through the structural support members and
is finally radiated as sound from vibrating
surfaces in the crew module. The amount of
noise reaching the receiver is dependent on
the source level and the degree to which the
transmission paths reduce the disturbances
due to various attenuation factors en-
countered along the way.

The structure-borne acoustic noise loss
factors will change between terrestrial gravity
and one-atmosphere conditions to on-orbit
microgravity and no-atmosphere conditions.
The effect on infrasonic and low frequency
noise in a spacecraft is especially significant,
because propagation of low-frequency energy
through the spacecraft pressure hull into the
vacuum of outer space cannot occur.
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5.4.2,.3 Human Responses to
Noise Design Considerations
{A)

The most significant effects of noise and
transient pressures on humans are damage to
hearing, masking of speech and warning sig-
nals, and annoyance. In addition, noise inter-
feres with some human sensory and
perceptual capabilities and thereby may
degrade critical task performance. Noise may
also produce temporary or permanent altera-
tions in body chemistry.

The effects of noise on human responses
can be categorized as follows:

a. Physiological effects - nonauditory
responses.

b. Performance effects - masking.

¢. Annoyance - perceived noisiness, and
sleep interference.

d. Fatigue - Resulting from attempting to
speak over elevated noise levels.

Recommended references on human
responses 1o noise are References 10, 92, and
223.

5.4.2.3.1 Physiological Effects of
Noise
(A}

Exposure to intense sound may result in
temporary and/or permanent hearing loss.
The severity of the loss is dependent upon the
duration of exposure, the physical charac-
teristics of the sound {(intensity, frequency,
pure or wide-band), and the nature of the
exposure (continuous or intermitient).

For various exposure times to a given
amount of acoustic energy, continuous noise
causes greater temporary hearing loss for un-
protected ears than does impulse noise.
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Figure 5.4.2,3.1-1 lists many of the
physiological effects of noise for various con-
ditions of exposure,

Condition of exposure
Reported disturbances
PL. {dB
.f;e: l:.:_,gip )P a Spectrum Duration
Reduced visual acuity; chest wall 150 1-100 Hz 2 min
vibrations; gag sensations;
respiratory rhythm changes.
Reflex response of tensing, grimacing, 100 Sudden onset
covering the ears, and urge to avoid
or escape
Pain in the ears 135 20-2,000 Hz
Pain in the ears 160 AHz
Discomfort in the ear 120 300-9,600 Hx 2 sec
Hearing TTS of 10 dB 94 4000 Hz 15 min
Hearing TTS of 10 0B 100 4000 Hz 7 min
Hearing TTS of 10 dB 108 4000 Hz 4 min
Tympanic membrane rupture 155 2,000 Hz Cont.
Tympanic membrane rupture 175 low freq. biast
Machanical vibrations of body felt; 120-150 QASPL
disturbing sensations
Vertige and, occasionally, 120-150 16Todd Hz Cont.
disorientation, nausea and vomiting
Irritability and fatigua 120 OASPL
TTS occurs 65 Broadband 80 days
Human lethality 167 2000 Hz & min
Human lethality 1681 2000 Hz 45 min
TTS occurs 75 810 16 kMHz,
TTS oceurs 110 2010 31.5 kHz2

TTS — Temporary Threshald Shift
SPL — Sound Pressure Level ra: 20HPa

Hefarence: 10, Pages 9-40, 41, 43, 47, 48

15, Page 381
92, Pages 719, 733, 738

MSIS-76

Figure 5.4.2.3.1-1. Physiological Effects of Noise
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Other observed physiological effects of
noise are;

a. Noise exposure causes increases in the
concentration of corticosteroids in the
blood and brain and affects the size of the
adrenal cortex. Continued exposure is
also correlated with changes in the liver
and kidneys and with the production of
gastrointestinal ulcers.

b. Electrolytic imbalances (magnesium,
potassium, sodium, and calcium) and
changes in blood glucose level are as-
sociated with noise exposure.

c. The possibility of effects on sex-hor-
mone secretion and thyroid activity is in-
dicated.

d. Vasoconstriction, fluctuations in blood
pressure, and cardiac muscle changes
have been reported. Vasoconstriction in
the extremities, with concomitant changes
in blood pressure, have been found for
noises of 70 dB SPL, and these effects
become progressively worse with higher
levels of exposure,

e. Abnormal heart rhythms have been as-
sociated with occupational noise ex-
posure; this and other evidence support
the tentative conclusion that noise may
cause cardiovascular disorders.

f. High intensity sound changes the mode
of the stapes (in the middle ear), reducing
the stimulus to the cochlea. An additional
protective mechanism causes the
stapedius and tensor tympana muscles to
contract, which stiffens the middle ear
ossicular chain. This reflex occurs about
10 m sec. after the initial onset of loud
noise.

5-47

5.4.2.3.2 Performance Effects of
Noise
(A}

Masking of speech occurs when the
presence of one sound, such as noise, inhibits
the perception of another sound. Hence, a
given frequency will mask signals at neighbor-
ing frequencies rendering them completely
inaudible.

Crewmember’s efficiency is impaired
when noise interferes with voice communica-
tions. The frequencies used for voice com-
munication range from about 200 to 6000 Hz.
When this occurs, the penalty is an increase in
time required to accomplish communication
through slower, more deliberate verbal ex-
changes. This results in increased possibilities
of human error due to misunderstandings.
Crewmember's communication limitations
must be considered an integral part of the
system in which they perform (see Figure
5.4.2.3,.2-1).

The sound reflected from room surfaces is
known as reverberation. If the delay relative
to the original sound is small, the reflections
and the original will fuse and be heard singly
by the listener. If the delay is long, a separate
sound (an echo) will be heard.

If the reverberation time is long, the room
is termed "live" and a spoken word is heard
first directly and then as a series of reflections.
A certain amount of reverberation is desirable
because it makes speech sound alive and
natural. Too much reverberation is un-
desirable because reflections arrive at the
same time as a subsequent word and interfere
with its perception.

If the reverberation time is short, the room
is termed "dead". There is less interference
between words but, because the sound of the
word decays before it can propagate through
the room, communication may be reduced.



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL./REV.B

Speech interferance Person to person communication

level (dB)

30 - 490 Communication in nermal volce satisfactory
40 - 59 Communication satisfactory in pormal veice

1 £o 2m (3 to 6ft), and raised voice 2 to
4m (6 to 12ft), telephone use
satisfactory to slightly difficult

50 -~ 60 Communication satisfactory in normal voice
30 to S0cm (2 to 2ft), raised voice 1 to
2m {3 to 6ft), telaphone use slightly
difficule.

60 - 70 Communication with raised voice
satisfactory 30 to 60 cm (1 to2ft)
slightly difficult 1 to 2m {3 to 6ft},
talephone use difficult. Ear plugs and/or
ear muffs can be worn with no adverse
effects on communications.

70 - 80 Communication slightly difficult with
raised voice 30 to 60 cm (1 to 2ft),
alightly difficult with shouting 1 to 2m
{3 to 6£t). Telephone use very difficult.
Ear plugs and/or ear nuffs can be worn
with no adverse effects on communicatioen.

80 - 85 Communication slightly difficult with
shouting 30 to 60cm (1 to 2ft)}. Telephone
use unsatisfactory, Ear plugs and/or ear
muffs can be worn with no adverse effects
on communication.

Overall spesch level | Communicationg via earphones or
(dB} minus SIL (dBf loudspeaksr

+ 10 dB Oor greater Communication satisfactory over range of
SIL 30 maximum™SIL™permitted by exposure
time.

+ 5dR Communication siightly difficult, About 30

percent of sentences are correctly heard
over range of SIL 30 to maximum SIL
permittad by exposure time.

0 dB to - 10 dB Special vocabularies {(i.e., radic-
telephone volce procedures) required.
Communication difficult to completely
unsatisfactory over range of SIL 30 to
maximum SIL permitted by exposure tinme.

* The overall long—-time RMS scund pressure level of speech and
the SIL for the noise must be measured at or estimated for a
position in the ear canal of the llstener. The long-time RMS
value of speech can be approximated by subtracting 4 dB from
the peak VU meter readings on monosyllabic words.

*#oar plugs and for muffs worn in nolse having SIL’s above 60 dB
will not adversely affect communication and will extend

maximum permissible SIL in accordance with protection
provided.

Referance: 5, Table XXIX, Page 279
Figure 5.4.2.3.2-1 Speech Interference Level (SIL) Criterla for

Voice Communications
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Figure 5.4.2.3.2-2 lists many of the perfor-
mance effects of noise on humans as a condi-
tion of exposure. Other observed

performance effects of noise are:

Conditions of exposure

Performance effects SPL (dB)
re: 20, Pa Spectrum Duration
Reduced ability lo balance en a 120 Broadband
thin rail
Chronic fatigue 110 Machinery noise 8hr
Reduced visual acuity, stereo- 105 Aircraft engine
scopic acuity, near-point noise
accomodation
Vigilance decrement; aiterad thought 90 Broadband Continuous
processes; interferance with mental
work
Fatigue, nausea, headache 88 1/3-pctave Continuous
@ 16 kHz
Degraded astronauts’ performance 75 Background 10-30 days
noisa in
spacecraft
Performance degradation of 90 Broadband
multiple-choice, serfal-reaction
tasks
Overloading of hearing due to 100 Speach
loud speech
Alfects person-to-person See Fig.
veice communication 5.4.2.3.2-1.
Hearing TTS at 2 minutes 70 4000 Hz
Hearing TTS at 2 minutes 155 8hr
after exposure
100 impulses

TTS at 2 minutes {778, ")

Referance: 5, Page 270
10, Pages 9-49, 50
15, Page 381
92, Page 725
223, Pages 233, 249

Figure 5.4.2.3.2-2. Performance Effects of Noise on Humans
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a. Continuous regular periodic and
aperiodic noise reduces performance on a
complex visual tracking task. At levels of
50, 70 and 90 dB of white noise, the
greatest decrement occurred with the
highest noise level.

b. As the noise intensity increases, in-
creased arousal causes an improvement in
task performance up to a point; beyond
that level of intensity, over arousal suffi-
cient to degrade task performance occurs.

c. Psychological effects of noise can in-
clude anxiety, learned helplessness,
degraded task performance, narrowed at-
tention, and/or other adverse after effects.

5.4.2.3.3 Annoyance Effects of
Noise
(Al

The term "annoyance" refers to the degree
noise is perceived to be unwanted, objec-
tionable, or unacceptable. High noise levels
can delay the onset of sleep, awaken one from
sleep, and interfere with rest and with the
hearing of wanted sounds. In the presence of
objectionable noise levels, long path transmis-
sion voice communications cannot be
tolerated as easily. Noise is stressful when it
creates feelings of emotion, i.e., surprise, fear,
anger, frustration, etc, Noise is annoying
when it begins to interfere with low-level con-
versational speech (especially intermittent
noise), becoming noticeable at 50 dB(A). The
threshold for noise annoyance varies depend-
ing on the sensitivity and mental state of the
individual.

5.4.2.4 Noise Exposure Limits
Considerations
{A}

Spacecraft crewmember noise exposure
limits are established by criteria for:
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a. Hearing conservation.
b. Communication requirements.
¢. Habitability requirements.

The types of noise that need to be con-
sidered are steady state noise (22.4 to 11,200
Hz), and impulse noise.

Infrasonic and ultrasonic noise, though
beyond the range of hearing, have a
physiological effect on humans and should be
considered. The duration of noise exposure
directly affects permissible noise limits and
should be considered. Also, noise criteria
limits should be applied which enable certain
tasks to be performed without degradation.

5.4.2.4.1 Hearing Conservation
Criteria Considerations
{A)

Hearing conservation criteria have been
established which, when exceeded, are indica-
tions for the employment of hearing conserva-
tion measures. Hearing conservation criteria
are based on comprehensive statements of the
relation between various descriptive
parameters of the noise exposure, such as
sound pressure level and exposure time, and
the probability of temporary or permanent
hearing loss. Material design standards evolve
from consideration of hearing damage risk,
speech intelligibility, and annoyance factors
intended to cover typical operational condi-
tions.

5.4.2.4.1.1 Long-Term Hearing
Conservation Criteria Considera-
tions

{A]

Long-term noise may be continuous, inter-
mittent or fluctuating, with the sound pres-
sure level varying over a wide range, provided
such variations have a duration exceeding one
second.
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5.4.2.4.1.1.1 Wide-Band, Long-
Term Hearing Conservation
Considerations

{A)

Wide-band or continuous sound is the
spectrum of a wave whose components are
continuously distributed over a frequency
region, Audio frequencies range from ap-
proximately 15 to 20,000 Hz.

The equivalent continuous noise level
(Leg) is the constant sound level that is
equivalent to a varying sound level during a
specified sample time. Implicit in this
equivalence is an exchange rate between
sound level and time of 5 dB per doubling of
time. [See Reference 58, Paragraph 3.5, for
method of calculating Leg].

Audible noise with constant sound levels
of 85 dB{A) or greater is considered hazardous
regardless of the duration of exposure. Hear-
ing protection devices need to be provided
during exposure to conditions of exposure to
noise levels of 85 dB(A) or greater. Crew-
members should not be exposed to continuous
noise levels which exceed 120dB in any octave
band or 135 dB overall sound pressure level
(PASPL) under any circumstances.

5-40204‘0 1. 1 02 Nal'l'OW-Band, Long'
Term Hearing Conservation
Considerations

{A}

If the sound pressure level of any one-third
octave band exceeds the level in the adjacent
one-third octave bands by 5 dB or more, that
band and associated octave band shall be con-
sidered to contain pure tone or narrow-band
components. Narrow-band noise is a simple
or complex tone or line spectra having intense
and steady state frequency components, rela-
tive to wideband noise components, in a very
narrow band (1% of the octave band or 5 Hz,
whichever is less) and is heard as a musical
sound, either harmonic or discordant.
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5.4.2.4.1.2 Short-Term Hearing
Conservation Criteria Considera-
tions

{A}

Short-term noise exposure is that period
required for spacecraft launch and boost
phase, the entry phase, and other conditions
normally not exceeding five minutes con-
tinuous duration.

Also, impulse or impact noise that may
occur during any phase of spacecraft opera-
tion is considered to be short-term noise ex-
posure.

5.4.2.4.2 Voice Communications
Criteria Considerations
{A)

Inteiligibility is the psychological process
of understanding meaningful words, phrases,
and sentences that may occur face-to-face or
over communication systems. For satisfactory
communication of most voice messages in
noise, 75% intelligibility is required. The ratio
of speech level to background noise level af-
fects intelligibility.

5.4.2.4.2.1 Direct Voice
Communications Criteria
Considerations

{A}

Direct (face-to-face) communication
provides visual cues that enhance voice com-
munication intelligibility in the presence of
background noise. The distance from speaker
to listener, background noise level, and voice
level are important considerations. Ambient
air pressure and gaseous composition of the
air are important considerations, because they
affect voice efficiency and frequency content.
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5.4.2.4.2.2 Indirect Voice
Communications Criteria
Considerations

{A}

Indirect voice communication systems
lack visual cues that aid in speech intel-
ligibility. The Articulaton Index, (AD)
should be used to calculate speech intel-
ligibility in voice communication situations
other than face-to-face. Standards for calculat-
ing the Al are described in Reference 222. The
relationship between Al and various measures
of speech intelligibility criteria are shown in
Figure 5.4.2.4.2.2-1. Articulation Index
criteria is given in paragraph 5.4.3.2.2.2.

5.4.2.4.3 Annoyance Criteria
Considerations
(A)

Problems of annoyance and task disrup-
tion will be minimal if acoustic requirements
for acceptable speech communication, sleep,
and rest are met.

100

Sentences
{known 1O
listeners)

Percent of syilables, words or
sentences understood carrectly

Rhyma tests

Test vocabulary limited
ta 256 PB words

Sentences (first
presentation
to listeners}

PB words
{1000 different
words)

Nonsense syllables
{1000 different
syllables)

30
Note: )
20 Thess relations are approximate.
They depend upon type of
materiat and skitl of talkers and
10 listeners,
) i 1 1 1 ] 1 i 1 ]
0 0.1 02 03 04 05 06 07 08 09 1.0
Articulation index -
P~
Reference: 19, Sub 1.4 {1), page 1.9 @
PB - Phonetically Balanced g
(See Paragraph 5.4.3.2.2.2 for Al Criterial
Figure 5.4.2.4.2.2-1 Articulation Index and Speech Intelligibility
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5.4.2.4.3.1 Long-Term Annoyance
Noise Criteria Considerations
{A}

Long-term noises that can cause annoyan-
ces affecting sleep and rest periods and the
hearing of wanted sounds are broad-band ran-
dom noise or narrow-band noise with tone
components. Long-term noise may be con-
tinuous, intermittent, or fluctuating, provided
that such variations have a duration exceeding
one second. Inaudible infrasonic and
ultrasonic noise frequencies can also produce
annoying effects.

5.4.2.4.3.2 Short-Term An-
noyance Noise Criteria Considera-
tions

{A}

Short-term annoyance noise exposure
does not exceed five minutes continuous dura-
tion. This includes wide-band random noise,
narrow-band noise or tones, impulse or im-
pact noise, and intermittent noise.

5.4.3 Acoustics Design Requirements
(A)

This section defines the basic environmental
limitations and criteria that the designer shall
apply to the design of crew stations and other
habitable compartment areas.

Noise levels shall be specified in terms of
A-weighted soundlevel, L{A). Noise exposure over
24 hour periods shall be specified in terms of the
equivalent A-weighted sound level La eq. The
maximum allowable on orbit continuous broad
band sound pressure exposure limits produced by
the summation of all individual sound pressures
from all sources, including all operating systems,
subsystems and payloads, considered over a 24
hour period are defined in the following para-
graphs.

5.4.3.1 General Acoustic Design
Requirements
(A}

The following general acoustic design re-
quirements shall be observed:

a. General Acoustic Design - Noise genera-
tion and penetration shall be controlled to
the extent that acoustic energy will not
cause personnel injury, interfere with voice
or any other communications, induce
Jatigue, or contribute to the degradation of
overall man-machine effectiveness.

(All sound pressure levels in decibels are
referenced to 20 u-Pascals unless otherwise
stated and are to be measured at or trans-
lated to the outer ears of crewmembers.)

b. Equipment Noise :

1.Equipment shall be designed to meet
noise requirements of MIL-STD-1474B.

2. All noisy equipment shall be mounted
and located to reduce noise at crewmem-
ber stations.

3. System designs shall include noise con-
trol provisions.

4. Means shall be provided on-board to
facilitate measurement of acoustic noise
levels to verify that exposure limits are not
being exceeded.

5.4.3.2 Noise Exposure Requirements
(A)

Thefollowing types of noise shall be taken into
account:

a. Wide-band random noise (224 to
11,200 Hz).

b. Narrow-band noise and tones.

¢, Impulse noise.

d. Infrasonic and ultrasonic noise.

There are three sets of noise requirements that
shall be satisfied depending on crewmember task

and acceleration regimes: 1) hearing conserva-
tion, 2) voice communication, and 3) annoyance.
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5.4.3.2.1 Hearing Conservation Noise

Exposure Requirements

{A}
a. Maximum Noise Exposure - A maximum
noise exposure of 115 dB(A) is allowable,
providing the duration does not exceed two
minutes during a 24-hour period.

b. Hearing Protection Devices - Hearing
protection devices shall be provided for use
during exposure to noise levels of 85 dB{A)
or greater.

5.4.3.2.1.1 Wide-Band, Long-Term
Hearing Conservation Noise Exposure
Requirements
{A}

The following long-term, wide-band hearing
conservation noise exposure criteria shall apply:

a. Hazard Level - Noise of constant sound
levels of 85 dB(A) and greater are con-
sidered hazardous regardless of the dura-
tion of exposure. Total exposure during a
24-hour period shall not exceed an average
of 80dB(A).

b. Allowable Noise Exposure - A noise ex-
posure below 84 dB(A) for up to eight hours
duration without hearing protection is allow-
able but not desirable.

¢. Unacceptable Noise Levels - Crewmem-
bers shall not be exposed to continious
noise levels that exceed 120 dB in any oc-
tave band or 135 dB OASPL under any cir-
cumstances.

5.4.3.2.1.2 Narrow-Band, Long-Term
Hearing Conservation Noise Exposure
Requirements

{A}

The relative sound pressure levels of narrow-
band components, pure-tones, and beat frequen-
cies shall be limited to a level at least 10 dB lower
than the allowed maximum sound pressure level of
the octave-band that contains the componeni.
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5.4.3.2.1.3 Impuise Hearing Conser-
vation Noise Exposure Requirements
{A)

Maximum Noise Level (Hearing Conservation
Criteria) - Impulse sound is a change in sound
pressure level of more than 10 dB in one second
or less. Impulse noise shall not exceed 140 dB
peak pressure level to meet hearing conservation
criteria for unprotected ears.

(See MIL-STD-1474B (Ref. 58) regarding the
relationship between the number of daily ex-
posures, the corresponding peak levels, B-dura-
tion values, and the required hearing
protection devices when impulse peak pressure
levels exceed 140 dB.)

5.4.3.2.1.4 Infrasonic, Long-Term
Annoyance Noise Exposure Require-
ments
{A}

The following infrasonic noise annoyance
criteria shall apply:

a. Infrasound Sound Pressure Level - In-
frasound sound pressure level shall be less
than 120 dB in the frequency range of 1 to
16 Hz for 24-hour exposure.

b. Hearing Protection - Passive hearing
protection devices shall not be a method for
low-frequency infrasound noise control.

5.4.3.2.1.5 Ultrasonic, Long-Term
Annoyance Noise Exposure Require-
ments
{A)

The following ultrasonic noise annoyance
criteria shall apply:

a. Hearing Conservation Measures - Hear-

ing conservation measures shall be initiated
when the ultrasonic criteria provided in Fig-
ure54.3.2.1.5-1 are exceeded.

b. Hearing Protection - Ultrasonic noise
hearing protection shall be provided where
overexposure is possible and in such a way
that communication is not hampered.




Downloaded from http://www.everyspec.com
NASA-STD-3000/VOL.I/REV.B

One-third octave band | One-third octave band
center frequency, kHz level in dB
10 80
12.5 80
16 80
20 105
25 110 -
Q
31.5 115 ¥
40 ;]
115 g

Reference: 261, Page 1-3

Figure 54.3.215-1 Airborne High Frequency and
Ultrasonic Hazard Noise Limits

5.4.3.2.2 Voice Communication Noise

Exposure Requirements
{A}

5.4.3.2.2.1 Direct Voice Communica-
tions Nolse Exposure Requirements
{A}

The following noise level criteria shall apply
to areas where voice communications are neces-
sary:

a. Voice Communication Criteria - The
communication criteria shown in Figure
54.3.2.2.1-1 shall be used to define maxi-
mum noise level based on voice communica-
tion requirements.

b. Background Noise Level - Background
noise for work areas shall not exceed the
NC 50 contour unless otherwise specified.
(Refer to Figure 54.3.2.3.1-1).

c. Room reverberation time -

1. The reverberation time of a spacecraft
compartment shall be adjusted according
to room volume and the criterion for con-
versational speech as shown in Figure
54.322.1-2.

2. In areas where crewmember display
users must communicate by voice, provide
a room reverberation time of ap-
proximately 0.5 seconds.

3. Reverberation time shall be verified
utilizing the natural frequency of the sys-
tem.
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5.4.3.2.2.2 Indirect Voice Communica-
tions Noise Exposure Requirements
{A}

The following intelligibility criteria for Ar-
ticulation Index (Al) shall apply:

a. Very Good to Excellent Intelligibility -
Al=0.71010.

b. Good Intelligibility - AI = 0.5 100.7.

¢. Generally Acceptable Intelligibility - Al =
0.3t00.5,

d. Unsatisfactory or Only Marginally Satis-
Jactory - Al =0.0t00.3.

Reference Figure 54.2.4.2.2-1,

5.4.3.2.3 Annoyance Noise Exposure
Requirements
{A)

5.4,3.2.3.1 Wide-Band, Long-Term
Annoyance Noise Exposure Require-
ments
(A}

The following long-term, wide-band an-
noyance noise criteria shall apply:

a. Maximum Continuous Noise - The maxi-
mum allowable continuous broad band
sound pressure levels produced by the sum-
mation of all the individual sound pressure
levels from all operating systems and subsys-
tems considered at a given time shall not ex-
ceed the Noise Criteria (NC) 50 contour for
work periods and the NC 40 contour for
sleep compartments shown in Figure

3 g
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Referencs: 90, page 6

Figure 5.4,.3.2.3.1-1 Indoor Noise Criteria (NC) Curves
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54.32.3.1-1. Also see Figure 54.3.2.3.1-2 5.4.3.2.3.2 Narrow-Band Annoyance
Jor correlation of the NC curves to the A- Nolse Exposure Requirements
Weighted sound pressure levels (A}
The maximum SPL of any narrow-band con-
b. Sleep Compartment Noise Level tinuous component or tone shall be at least 10 dB
less than the broad-band SPL of the octave-band
1. In sleep areas, the continuous broad- which contains the component.

band noise level shall not be less than
NC25 contour.

2. Hearing protection devices shall be
available in sleep areas to provide aural

isolation as needed.
NC Curve A-g\r,gisgswl?s Lse?/lé?d
dB(A)

70 80

65 72

60 67

55 63

50 58

45 53

40 49

35 44

30 40

25 36

20 31

15 27 ag

Figure 5.4.3.2.3.1-2 A-Weighted Sound Pressure Level
as Woighted to the NC Gurve
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5.4.3.2.3.3 Wide-Band, Short-Term
Annoyance Noise Exposure Require-
ments

{A}

The wide-band annovyance noise level as a
result of long-term and short-term (less than five
minutes) noise shall not exceed an Leg (8-hours)
of 32 dB during the sleep period. Intermittent
noises shall be minimized.

5.4.3.2.3.4 Impulse Annoyance Noise
Exposure Requirements
(A)

The following impulse noise annoyance
criteria shall apply:

a. Sleep/Rest Periods - Anticipated impulse
or transient noises shall not exceed back-
ground noise by more than 10 dB during
sleep/rest periods.

b. Masking Noise :

1. Masking noise generation to cover-up
impulse or fluctuating noise is not a
preferred solution but, where utilized, it
shall not exceed 55 dB(A) at the
crewmember’s ear.

2. Masking noise level and spectrum
shape shall be under the control of crew-
members.

5.4.3.2.4 Measurement of Noise
Levels
{A}

Acoustic noise measurements shall be
conducted in accordance with the require-
ments conforming to the sections on In-

strumentation and Measurement in
MIL-STD-1474B (Reference 58).

5.4.3.2.5 Noise Reduction For
Equipment Upgrades
(A}

Mid-Program system upgrades shall in-
clude noise reduction according to the latest
technical state of the art which is applicable to
the equipment which is being upgraded.
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5.4.4 Example Acoustics Design
Solutions
{A)

The control of noise involves three inter-
dependent elements:

a. Control at the source.

b. Interruption or absorption along the
transmission path.

¢. Personal hearing protection.

Noise reduction techniques that can be
applied to space module are the same as used
in industrial and building noise control.

5.4.4.1 Noise Control at the
Source
{A}

The sources of equipment/system noise
are vibration, impact, friction and fluid flow
turbulence. Figure 5.4.4.1-1 lists typical
methods to control noise at the source.

5.4.4.2 Control of Noise Path
Transmission
{A}

A source of acoustic noise can radiate
sound directly into the air or induce vibrations
into a structural path that, in turn, radiate
into the air. Airborne noise can be reduced by
1) enclosure and barriers between noise
source and crewmembers, 2) sound absorp-
tion linings, and 3) sealing of enclosure and
perimeter wall penetrations,

Structurally transmitted vibration and
radiated noise can be reduced by 1) vibration
isolation of machinery supports and panels, 2)
panel damping applications, 3) decoupling
pipes from pumps with a section of hose, and
4) detuning vibration frequencies by panel
stiffening,

The Space Shuttle Orbiter required noise
control application to the IMU Cooling Sys-
tem. Inlet and outlet duct reactive/dissipative
mufflers were developed and tuned to al-
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Figure 5.4.4.1-1. Typical Noise Source Corrective Actions
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leviate a 2000 Hz noise problem. The
fan/heat exchanger is a single duct that was
silenced by a straight- through, foam-lined,
dissipative muffler. A 22 dB reduction in 2000
Hz octave-band noise was accomplished.

5.4.4.3 Hearing Protection
{A}

Noise that has not been sufficiently
reduced requires the use of hearing protection
devices. These devices consist of earplugs, ear
muffs, noise-attenuating helmets, or combina-
tions of these. TB MED 501 (Reference 281)
provides information regarding acceptable
personal hearing protective devices.

The Space Shuttle Orbiter noise level
during the launch phase is 149 dB (external)
and 118 dB (internal). A NASA helmet
equipped with communication-type earmuffs
will provide 5 to 42 dB attenuation over the
range of frequencies from 63 Hz to 8,000 Hz,
reducing launch noise at the crewmember’s
ear to about 110 dB. The NASA helmet
reduces launch noise from 107.7 dB(A) to
92.7 dB{A).

5.5 VIBRATION
{A)

5.5.1 Introduction
{A}

This section provides the design con-
siderations, requirements and examples for
vibration. Vibratory environments, propaga-
tion of vibratory energies, human responses to
vibration, and exposure criteria are included.
Low frequencies in the range of 0.1 to 1 Hz
and higher frequencies from 1 to 80 Hz are
presented. Control and protection are also
covered.
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NOTE: The following symbology has been
used throughout this document:

small "g" = vibrational g loads (applied
input forces)

capital "G" = linear acceleration G reac-
tions

(Refer to Paragraph 5.3.1, Acceleration
Introduction, for acceleration vector con-
ventions.)

5.5.2 Vibration Design Considera-
tions
(A}

The vibration environment in space opera-
tions covers a wide range of amplitudes and
frequencies. Vibration due to space module
booster and control rockets, aerodynamic
loading, cabin machinery, and equipment
must all be considered. In addition, insecurely
fastened stowed items can be a source of
vibration.

Vibration seldom occurs in the operational
situation as a single isolated variable., Other
environmental variables such as weightless-
ness, linear acceleration, etc., can be expected
to interact with vibration either to reduce or
to increase the debilitating effects. Equip-
ment variables include size of graduations or
illumination of instruments, inflated pressure
suits, etc.; procedural variables include task
load, variations in time of performance, etc.;
and, finally personal variables, such as fatigue
and deconditioning. The effects of some of
these can be predicted at this time; others
must await further research.

Studies of human response to vibration
have been conducted in field environments
and in complex laboratory simulations. How-
ever, most of the available information results
from laboratory experiments.
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The most useful information shows the
effects of changing the characteristics of the
vibration {magnitude, frequency, etc.), the in-
fluence of modifying the transmission of vibra-
tion to the body (by seating and postural
alterations), the sources and extent of in-
dividual variability, and the effects of altera-
tions to the operator’s task.

5.5.2.1 Vibration Environments
Design Considerations
(A}

Effects of vibration of the whole body are
usually expressed in terms of vibration
measured at the interface between the body
and the vibrating surface. Vibration of dis-
plays and hand controls should also be as-
sessed.

Vertical vibration resulting from general
support surfaces is most frequently of interest
but other axes and input positions can be
important.

All effects of vibration depend on vibration
frequency. Some effects are restricted to nar-
row ranges of frequency.

The influence of vibration duration has
not been well studied. Current information
shows small or inconsistent effects of duration
on task performance. Duration of vibration
may cause discomfort or onset of motion sick-
ness.

Vibratory environments have complex
motions that vary greatly in magnitude, fre-
quency, direction, and duration. Detailed
analysis of motions (including spectral
analysis) is required when considering motion
effects. The motions may produce several dif-
ferent effects or one dominant effect.

5.5.2.1.1 Launch Phase Vibration
Environment
{L}

Significant levels of vibration occur
routinely in space module operations during
the maximum aerodynamic pressure portion
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of boost. The vibration is coupled with a
significant linear acceleration bias.

The Mercury astronauts complained that
vibration during boost interfered with their
vision. The Titan II rocket engine produced
intense vibration at 11 Hz.

Vibration during the Apolio flights varied
significantly with phase of the flight. On the
launch pad and during launch the main source
of vibration is the rocket booster engine. Low-
frequency vibrations are maximum as the mis-
sile shudders on the pad at the moment of
launch but are of very short duration. The
frequency of such vibrations changes with the
length and mass of the missile. Hence, as the
stages are jettisoned, the vibrations change
from an initial frequency of 20 Hz for the first
stage to 50 Hz for the third stage. Guidance
corrections during launch may add low-fre-
quency transverse peak oscillations of 1-g or
less.

5.5.2.1.2 On-Orbit Phase Vibra-
tion Environment
{0}

During orbital flight, vibration is minimal.
The internal motors for pressurization, air
conditioning, and pumping systems are poten-
tial sources of vibration. Other structure-
borne vibrations during orbital flight are
difficult to predict.

5.5.2.1.3 Entry Phase Vibration
Environment
{L}

Significant vibration levels occur during
reentry but these levels are not as intense as
experienced during the launch phase. The
vibration is coupled with a significant linear
deceleration bias.

During entry, low-frequency oscillation
may occur if the entry angle is too steep. If the
angle is more than one or two degrees, high
peak oscillation, depending on the shape of
the vehicle, may be produced. The frequency
of such oscillations reach a peak coincident
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with the entry deceleration peak. The
amplitude of the oscillation progressively
decreases during deceleration. For an entry
angle of ten degrees, a 2 Hz oscillation with a
peak of 0.12-g and an arc of one degree has
been predicted. Skip- glide entry of a lift-drag
vehicle may produce oscillations.

5.5.2.2 Vibration Propagation
Design Considerations
{A]

Vibration refers to alternating motion of a
body with respect to a reference point. This
section is concerned with solid-borne or
mechanical vibration that is transmitted
directly to the crewmember by way of the
buttocks, hands, feet, etc,

Vibration can be transmitted from the
source to the crewmember by a direct
mechanical path or by several flanking paths.
Airborne noise impinging on structure can
induce structural vibration that can be trans-
mitted to the crewmember via support struc-
ture. Mechanical vibration is transmitted by
compression, shear, and torsional forces. The
amount of vibration energy that arrives at the
crewmember depends on the major transmis-
sion paths between source and receiver, cou-
pling loss factors, and the modes of
mechanical response. A crewmember's seat,
foot restraints, handholds etc., are important
elements in the vibration path. Design of
mountings deserve special attention in reduc-
ing vibrations.

5.5.2.3 Human Responses to
Vibration Design Considerations
(A}

Vibration may affect crewmembers perfor-
mance, and may produce physiological and
biodynamic effects, as well as subjective or
annoyance effects.

Whole-body vibration may act additively
with noise (Paragraph 5.4) to cause stress and
fatigue and degrade vigilance and perfor-
mance.
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There has been limited research combin-
ing vibration with other environmental stres-
sors such as acceleration, noise, and altitude.
At 3.5 G, vibration levels above +0.30 gx at
11 Hz are believed to affect crewmember per-
formance. A G-bias apparently can change
some body vibration resonances as well as
lower tolerance limits. At 1-G the abdominal
mass resonance occurs at 4-8 Hz. At 2.5-Ga
subject noted "awareness of stomach vibrat-
ing" between 9.5 and 12.5 Hz.

(Refer to Paragraph 5.9, Combined En-
vironmental Effects, for more details.)

Additional studies are needed to deter-
mine the effects of increasing vibration mag-
nitude on impedance for higher G-bias levels
simulating liftoff and launch,

5.5.2.3.1 Physiological Effects of
Vibration
{A)

The physical responses of the body are
primarily the result of the body acting as a
complex system of masses, elasticities, damp-
ings, and couplings in the low frequency
range, i.e., up to 50 Hz. The impedance of the
body and its parts and organs damp vibration
over certain frequency ranges and may
amplify vibration over other frequency ranges
within various portions or all of the body.

Vibration energy transferred from sup-
porting structure to the crewmember is the
primary determinant of biological effects
which, in turn, cause decrements in perfor-
mance and discomfort. Frequencies that cor-
respond to body resonances of organs and
limbs result in amplified motion of the
resonant body component. Figure 5.5.2.3.1-1
lists various parts of the body and the ap-
proximate frequency where mechanical
resonarnce occurs.
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Whole body, standing erect
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Whole body (transverse)
Whole body (sitting)

Head

Head, sitting

Eye ball

Eardrum

Head/shoulder, standing
Head/shoulder, seated
Shoulder/head, transverse rib
Main torso

Shoulder, standing
Shoulder, seated

Limb motion

Hand

Hand

Thorax

Chest wall

Anterior chest

Spinal column

Thoraco-abdominal viscera
{semi-supine)

Abdominal mass
Abdominal wall
Abdominal viscera
Pelvic area, semi-supine
Hip, standing

Hip, sitting

Foot, seated man

6 & 11-12
4-5
2

3-b
20-30
2-8
40-60
1000
5k 12
4-5
2-3
3-5
4-6
4
3-4
1-3
30-40
35
60
7-11
8
7-8

4-8
0-8
3-35
8

4
2-8
>10

References: 101, Pages 6-33
92, Pages 307-330

Figure 552.31-1 Body-Part Vibration Resonant

MSiS-138

182, Pages 4.1-5 and 4.105

frequency Region (1-G Bias)
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5.5.2.83.2 Performance Effects of
Vibration
{A}

Vibration affects performance either by
modifying perception or by influencing con-
trol movements. Frequencies that affect per-
formance are shown in Figure 5.5.2.3.2-1.

The effect of vibration on performance
depends on the source of the motion, type of
motion, environmental conditions, response
of the individual, and requirements placed on
the individual.

Threshold for detection of vibration is ap-
proximately +/- one min arc of visual angle;
vibration amplitudes greater than those in
Figure 5.5.2.3.2-2 (4/- two min arc) may,
depending on the task, affect reading ability.

Figure 5.5.2.3.2-2 shows mean
amplitudes of observer vibration which
produce visual blur of stationary point sources
of light, Also shown are the amplitudes of
z-axis whole-body vibration from ISO 2631
(1978).

Hand control performance is most often
degraded by vibration which causes a
mechanical movement at the hand.

Vibration transmitted to the hand-control
interface may degrade system performance if
the system responds at the frequency of the
vibration; the vibration response of the body
often results in greatest vibration at about 5
Hz.

Low-frequency oscillation of the body
(Hz) can affect activities involving unsup-
ported arm movements and tasks such as
navigational plotting.

5.5.2.3.3 Discomfort/Annoyance
Effects of Vibration
{A)

Excessive vibration can be unpleasant,
painful, or even hazardous to health. In
severe vibration environments, performance
can be impaired because of pain or discomfort.
Since vibration of aircraft and vehicles often
increases with speed, maximum performance
of crew may be limited.

Activity Frequency range {Hz)
Equilibrium 30-300
Tactile sense 30 - 300
Speech 1-20
Head movement 6-8
Reading (texts) 1-50
Tracking 1-30
Reading errors {instruments) 56-11.2
Manual tracking 3-8
Depth parception 25-40, 60-40
Hand grasping handle 200-240

| Visual task 9-50

Reference: 10, Pages 8-38, 8-68, 8-79
21, Figure 1 (1), Page 1

102, Page 4.110

MSIS-139

Figure 5.5.2.3.2-1. Sensitive Vibration Frequencies
Affecting Human Performance
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Motion sickness is often caused by low-fre-
quency (.63 Hz) vertical oscillation. The
greatest sensitivity to vibration acceleration
occurs at approximately 0.1 - 0.3 Hz. At these
frequencies 1 m/sec? rms may result in an
incidence of vomiting of approximately 10%.
(See Figure 5.5.3.2.1-1.)

Correlation occurs between z-axis vertical
rms acceleration magnitude, vomiting in-
cidence, and illness. Correlation is highest
with z-axis motion and is increased slightly
when other axes are included in the analysis.
The percentage of persons becoming motion
sick increases as the exposure duration in-
creases up to four hours.
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The perception threshold for 2-100 Hz
vibration is approximately 0.01 m/sec’ rms
for most axes of whole-body vibration and
most orientations of the body. At vibration
magnitudes above threshold, the discomfort
(i.e., subjective magnitude) increases in linear
proportion to the vibration magnitude.

Exposure of the entire body or parts of the
body (e.g., limbs) to high magnitudes of con-
tinuous vibration or shock can cause injury.
The acceptable magnitude depends on several
factors including the frequency, direction,
duration, and point of contact with the body.
General guidance is available but the prob-
ability of any specific injury due to given con-
ditions cannot be calculated.
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Crewmember discomfort is not quantified
on an absolute scale. A scale of comfort reac-
tion to whole body vibration is as follows:

a. Not Uncomfortable -
gx less than 0.153 m/sec’

b. A Little Uncomfortable -
gx of 0.315 to 0.63 m/sec?

¢. Fairly Uncomfortable -
gx of 0.5 to 1.0 m/sec’

d. Uncomfortable -
gx 0f 0.8 to 1.6 m/. sec?

e. Very Uncomfortable -
gxof 1.25t0 2.5 m/sec’

f. Extremely Uncomfortable -
gx greater than 2.0 m/sec?

Figure 5.5.2.3.3-1 shows short-term vibra-
tion exposure boundaries as a function of ac-
celeration and frequency from 1 Hz to 1000
Hz. Unless otherwise stated, the vibration
boundaries are for exposure times of 5 to 20
minutes, which includes the spacecraft launch
or entry phase.

Figure 5.5.2.3.3-2 lists some vibration dis-
comfort symptoms and the range of frequen-
cies of lowest tolerance.

5.5.2.4 Vibration Exposure Limits
Design Considerations
{A)

5.5.2.4.1 Vibration Direction
Criteria Design Considerations
{A}

Rectilinear vibrations transmitted to crew-
members should be measured in the ap-
propriate directions of an orthogonal
coordinate system having its origin at the
heart, Limiting criteria exist for vibration ac-
celerations in the x, y, and z-axis. {See Figure
5.3.1-1)
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Angular (or rotational) vibrations about a
center of rotation are frequently an important
part of the vibration environment. However,
little information on the effects of angular (or
rotational) vibration is available,

5.5.2.4.2 Vibration Exposure
Criteria Design Considerations
(0.1 to 1 Hz)
(A}

The frequency range between 0.1 and 0.63
Hz is primarily associated with the symptoms
of motion sickness: pallor and dizziness
through nausea to vomiting and complete dis-
ability.

The "severe discomfort boundary" is that
limit of vibration where approximately 10% of
unadapted crewmembers in normal health
will experience severe discomfort and tem-
porary disability.

The "decreased proficiency boundary” is
that limit of vibration acceleration where
manual dexterity is impaired. The acceptable
degree of impairment and corresponding ac-
celeration levels will vary greatly with the
nature of the task.

The reduced comfort boundary is that
limit of vibration acceleration when the onset
of various feelings of discomfort occurs.

5.5.2.4.3 Vibration Exposure
Criteria Design Considerations
(1 to 80 Hz)

{A}

The human body is especially sensitive to
vibratory accelerations from 1 to 30 Hz. The
three generally recognized limits for preserv-
ing comfort, working proficiency, and safety
(or health) are called the "reduced comfort
boundary", the "fatigue-decreased proficiency
boundary”, and the "exposure limit", respec-
tively.

Rectilinear vibration acceleration criteria
exist from 1 Hz to 80 Hz. Rotational vibration
standards have not been established.
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Symptom Frequency (Hz)
Motion sicknaess 0.1-0.63
Abdominal pains 3-10
Chest pain 3.9
General discomfort 1-580
Complaints 4-8
Skeleto-muscular discomfort 3-8
Head symptoms 13-20
Lower jaw sympioms 6-8
influenca on speach 13-20
"Lump in throat” 12-16
Urge to urinate 10-18
Influenca on breathing 4.8
Muscle contractions 4-9
Testicular pain 10
Dyspnea 1-4

Refarence: 5, Page 266

92, Pages 237-230
294, Table 1, Page 13

MSIS-143

Figure 5.5.2.3.3-2. Sensitive Vibration Frequencies
for Discomfort Symptoms

a. Exposure Limit - The vibration accelera-
tion exposure limit is set at approximately

half the level considered to be the
threshold of pain.

b, Fatigue-Decreased Proficiency Bound-
ary - The vibration acceleration limit
beyond which exposure can be regarded
as carrying a significant risk of impaired
working efficiency in many kinds of tasks
is that in which fatigue is known to
degrade performance. The fatigue-
decreased proficiency boundary limit is a
function of frequency and exposure time
and is one-half (-6 dB) of the acceleration
values given for the Exposure Limit.

¢. Reduced Comfort Boundary - The vibra-
tion acceleration limit related to comfort
and such activities as eating, reading, and
writing. The reduced comfort boundary is
one-third (-10 dB) of the value of the
Fatigue-Decreased Proficiency Boundary.
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5.5.2.4.4 Vibration Duration
Criteria Design Considerations
{A)

Variations in the intensity of vibration and
any intermittency or interruption of exposure
which may occur during the period will have
a cumulative effect on a crewmember’s daily
exposure,

a. Continuous Exposure - The tolerable
acceleration level increases with decreas-
ing exposure time. Vibration limits are
established for durations of one minute to
24 hours.

b. Intermittent Exposure - If the exposure
to vibration is interrupted by pauses
during the working day, but the intensity
of exposure remains the same, then the
effective total daily exposure time is ob-
tained by adding up the individual ex-
posure times.
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c. Equivalent Exposure Time - If the rms
acceleration amplitude varies appreciably
with time, or if the total daily exposure is
composed of several individual exposure
times, then an "equivalent total exposure”
is determined.

5.5.3 Vibration Design Requirements
{A

}The basic environmental limitations and
criteria that apply to the design of crew stations
and other habitable compartment areas within
space module are included herein. Included are
the various vibration environmental parameters
essential 1o crew safety and comfort during a
complete mission. The vibratory environment of
the space module shall be designed to protect the
crewmembers and preserve their ability to per-
form their operational functions with proficiency
throughout the total mission.

5.5.3.1 General
Requirements
{A)

The following general vibration design
criteria shall be observed.:

Vibration Design

a. General Vibration Design - Vibration
generation and penetration shail be control-
led to the extent that vibration energy will
not cause personnel injury, interfere with
task performance, induce fatigue, or con-
tribute to the degradation of overall
manimachine effectiveness during manned
periods.

b. Equipment Vibration -

1. All vibrating equipment shall be
mounted and located to reduce vibration
at crew Stations.

2. System design shall include vibration
control provisions.

3. Means shall be provided to facilitate
periodic measurement of vibration levels
to verify that exposure limits are not being
exceeded.
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¢. Long Duration Vibrations - For vibra-
tion of duration longer than 8 hours in the
(.1 t0 0.63 Hz band, or 24 hours in the 1
to 80 Hz band, the values at 8 hours and
24 hours, respectively, shall be ap-
plicable. Referto5.5.3.2.1 and5.53.3.2.

5.5.3.2 Vibration Exposure (0.1 to 1

Hz) Design Requirements
{A}

5.5.3.2.1 Severe Discomfort Boundary
(A}

Thefollowing vibration acceleration limits for
0.1 100.63 Hz shall apply:

a. Longitudinal Vibration - Figure 5.5.3.2.1-
1 acceleration limits shall not be exceeded
for the corresponding periods of time in the
z-axis at any crewmember station. If other
modes of vibration exist, particularly pitch
and roll, boundary accelerations shall be
reduced by 25%. These criteria apply to 1-G
bias conditions and on-orbit microgravity
conditions.

b. Transverse Vibration - Use 30% of value
for longitudinal vibration requirements.

¢. Rotational Tolerance - Tumbling or rota-
tional rates shail not exceed 60 rpm about
the axis of the heart or 40 rpm about the
axis of the hip. If rotational vibration exisis,
the levels in Figure 5.5.3.2.1-1 shall be
reduced by 33%

d. Launch Vibration Limits - During the
launch phase, 0.1 - 0.63 Hz vibration shall
not exceed 90% of those values stated for 1-
G bias acceleration.

5.5.3.2.2 Decreased Proficiency

Boundary
{A}

The following acceleration limits for 0.1 to
0.63 Hz for crewmember stations and work areas
shall apply:
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a. Longitudinal Vibration - Because of lack
of data, the decreased proficiency boun-
daries below 1 Hz in the z-axis have yet to
be specified for various tasks. For tasks re-
quiring writing and fine manual control,
vibration rms-values shall not exceed 1.75
misec’.

b. Transverse Vibration - Because of lack of
data, the decreased proficiency boundaries
below 1 Hz in the x, y-axis have yet to be
specified.

¢. Visual Acuity Effects - For whole bady
vibration in the ranges of 3 to 11 Hz or 22
to 30 Hz, provisions shall be made to
protect the crew from loss of visual acuity.

5.5.3.2.3 Reduced Comfort Boundary
{A}

The following vibration acceleration limits for
0.1 t0 1 Hz apply to rest and sleep areas:

a. Longitudinal Vibration - Because of lack
of data and the variability of onset of
various reduced comfort symptoms require-
ments are not specified at this time.

b. Transverse Vibration - Because of lack
of data and the variability of onset of
various reduced comfort symptoms, require-
ments are not specified at this time.

5.5.3.2.4 Vibration Duration
(A}

The following vibration duration criteria for
determining effective daily exposure shall apply:

a. Whole Body z-axis Vibration (0.1 to 0.63
Hz) - Figure 5.5.3.2.1-1 shall be used to
define the severe discomfort boundary for
0.5-, 2- and 8-hour exposures. The relation-
ship a*' = constant and values in Figure
5.5.3.3.2-1 shall be used if interpolation of
summation of a varying acceleration time
history is required.
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b. Whole Body x, y-axis Vibration (0.1 to
0.63 Hz) - Because of lack of data, vibration
requirements are not specified at this time.

¢. Long Dyration Vibrations - For vibra-
tion of duration longer than 8 hours in the
1 10 .63 Hz band, the amplitude limits for 8
hours shall be applicable.

5.5.3.2.5 Vibration Data From 0.63 to
1.0 Hz.
{A)

With the exception of the one datapoint shown
in Figure 5.5.3.2.1-1, values relative to vibration
effects between 0.63 Hz and 1.0 H are undefined
at this time.

5.5.3.3 Vibration Exposure (1 to 80 H2)

Design Requirements
{A)

5.5.3.3.1 Fatigue-Decreased
Proficiency Boundary
{A}
The following vibration acceleration limits
for 1 to 80 Hz for crewmember stations and work
areas during orbital to planetary conditions shall

apply:

a. Longitudinal Vibration - Vibration ac-
celeration exposure shall not exceed the
limits shown in Figure 5.5.3.3.1-1 for z-axis
direction, unless specified otherwise,

b. Transverse Vibration - Vibration ac-
celeration exposure shall not exceed the
limits shown in Figure 5.5.3.3.1-2 for x, y-
axis directions, unless specified otherwise.

¢. Visual Acuity Effects - For whole body
vibration in the ranges of 3 to 11 Hz or 22
to 30 Hz, provisions shall be made to
protect the crew from loss of visual acuity.
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Figure 5.56.3.3.1-1 Longitudinal (z-axis} Acceleration Limits “’Fatigue-
decreased Proficiency Boundary*’
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5.5.3.3.2 Vibration Exposure Limit
{A}

Thefollowing vibration acceleration limits for
1 ro 80 Hz for crewmember 1-G and on-orbit
stations shall apply:

a. Longitudinal Vibration - Vibration ac-
celeration values in the z-axis shall not ex-
ceed the "fatigue-decreased proficiency
boundary” (Figure 5.5.3.3.1-1} by a factor
of 2 (6 dB higher.).

b. Transverse Vibration - Vibration ac-
celeration values in the x, y-axis shall not ex-
ceed the "fatigue-decreased proficiency
boundary” (Figure 5.5.3.3.1-2) by a factor
of 2 (6 dB higher).

c. Launch Vibration Limits - During the
launch phase it is permissible to use twice
the safety factor of Figures 5.5.3.3.1-1 and
5.5.3.3.2-1 to determine the maximum vibra-
tion limits, However, if visual monitoring of
critical displays is required, then the vibra-
tion criteria shown in Figure 5.5.3.3.2-1
shall be used for vibration frequencies up to
35 Hz. For visual acuity during launch the
vibration limits shall not exceed those
shown in Figure 5.5.3.3.2-1 (0-35 Hz) and
Figure 5.5.3.3.2-2 (35-1000 Hz).

5.5.3.3.3 Reduced Comfort Boundary
{A}

The longitudinal vibration acceleration ex-
posure for 1 to 80 Hz shall not exceed the limits
shown inFigure 5.5.3.3.3-1 for x, y-axis vibration
in the crewmember rest and sleep areas during
orbital or planetary conditions.

5.5.3.3.4 Vibration Duration
{A)

The following vibration duration criteria for
determining effective exposure shall apply:

a. Whole Body z-axis Vibration (I to 80 Hz)
- Figure 5.5.3.3.4-1 shall be used to define
the fatigue-decreased proficiency boundary
for longitudinal vibration duration time be-
tween 1 minute and 24 hours.
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b. Whole Body x, y-Axis Vibration (1 to 80
Hz) - Figure 5.5.3.3.4-2 shall be used to
define the fatigue-decreased proficiency
boundary for transverse vibration time be-
tween 1 minute and 24 hours.

c. Interrupted Vibration - If the exposure to
vibration is interrupted by pauses during a
24-hour period, but the intensity of exposure
remains the same, then the effective total
daily exposure time shall be determined by
adding up the individual exposure times.

d. Variable Amplitude Vibration - If the ac-
celeration amplitude varies with time or if
the total daily exposure is composed of
several individual exposure times at dif-
ferent levels, then an "equivalent total ex-
posure” shall be determined by the
procedure given in Reference 101, p. 498.

e. Long Duration Vibrations - For vibration
of duration longer than 24 hours in the 1 to
1000 Hz band, the amplitude limits for 24
hours shall be applicable.

5.5.4 Example Vibration Design
Solutions
(A}

The control of vibration involves three
interdependent elements: 1) Vibration con-
trol at the source, 2) interruption or absorp-
tion along the transmission path, and 3)
protection at the receiver.

Vibration control techniques that can be
applied to space module are basically the same
as used in industrial and building vibration
control. The G-bias on equipment and struc-
ture may range from 0 to 20-G, which will
affect space module component systems vibra-
tion characteristics.
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Figure 5.5.3.3.3-1. Vibration Exposure Criteria
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5.5.4.1 Vibration Control at the
Source
{A}

The design of space module/equipment
and control of vibration is initially imple-
mented by stating equipment procurement
specifications and locating equipment remote-
ly from crewmember work stations and
rest/sleep areas. The sources of vibration are:

a. Torsional.
b. Bending.
c. Flex and plate-modes.

d. Translational, axial, or rigid-body.

e, Intermittent.
f. Random and miscellaneous.

Figure 5.5.4.1-1 lists examples of sources
of vibration.

Methods of controlling vibration of
various sources are listed in Figure 5.5.4.1-2,

Example vibration problem: Intense
vibration at 11 Hz was experienced with the
Titan II rocket engine. A similar problem was
detected in an early Saturn V test. Fuel pump
and engine phasing modifications reduced the
vibration intensity to acceptable levels.

JTeorsional vibration

Reclprocating devices
Valves
Compressors
Pumps
Engines

Rotating devices
Electric motors
Fang
Turbines
Gears
Turntables

Bending yibratl

Shafts in motors
Springs

Belts

Pipes

Elexural and plate-mode
yibration

Hulls and decks
Turbine blades
Gears

Floors

Walls

Jranslational, axial. or
fold-body vbat

Reciprocating devices
Engines
Compressors
Shakers

Motors

Devices on vibration mounts

intermittent vibra

impacts on floor
Impacts on walls
Impacts on the hull
Typawriters
Stepping motors
Relays

Bandom and misc.
vibration
Rocket combustion
Aerodynamic turbulence
Gas and fluid flow
interacting in pipes
and ducts

Reference: 295, Table 2-1, Page 11

MSIS-151

Figure 5.5.4.1-1. Sources of Vibration
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e fluid flow vibrati M ic vibra
Reduce flow rate Use quieter motor, choke or transformer
Use |loss pressure Isolate or enclose
Use quieter valve Ralocate
Modify impeller
Smooth pipe or duct Belt/chain vibration
Lagging of pipe or duct
Use flow turning vanes at bends Adjusttension

Adjust alignment

Gearvibrations Lubricate properly

Reduce speed
Usa proper ubrication Change material or type
Reducs speed
Balance gear Pump nolse
Replace worn/damaged gears
Use higher quality gear Reduce speed
Use different material gear Reduce pressure
Alter pressure cycle

Botor vibrations. Isolate
Balance rotor/coupling Combustion noise
Modify force or speed
Alter rotar bearings Correctly adjust burner
Add damping Use lower pressure barrier
Raduce mass of moving elaments

Impact vibration

Rearing vibrat

Avoid it
Lubricate properly Cushion it
Adjust bearing alignment or mounting Apply damping
Reduce speed
Replace worn or damaged bearings
Different bearing type

Referance: 295, Table 16-2, Pages 241, 247-249

Figure 5.5.4.1-2. Vibration Control Methods at the Source
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5.5.4.2 Control of Vibration - Path
Transmission
{A)

Space module structure vibration can be
excited mechanically or by airborne noise.
Increasing the losses in the vibration transmis-
sion path is a common way to reduce vibration
levels at the receiver.

Excitation of structures such as walls,
floors, and ceilings can be reduced by noise
control at the acoustic source or by applying
acoustic absorption and damping material at
the excited structure,

Mechanically coupled transmission can be
controlled by interrupting the transmission
path to the receiver or introducing attenuating
element couplings between the source and the
receiver. Figure 5.5.4.2-1 lists common ways
to reduce vibration path efficiency.

5.5.4.3 Vibration Protection
{A}

Protection of crewmembers from vibration
problems is best served by controlling vibra-
tion at the source or along the transmission
path. Residual over-limit vibrations at crew-
member stations requires special attention to
body posture and support.

a. Body Posture - The semi-supine position
is generally considered best for severe
vibration in x, y, or z-axis, especially under
high G-biasloads; i.e., launch, reentry, etc.
The seated position is worse for z-axis
vibration. The standing position is worse
for x, y-axis vibration.

Reduce area
Add mass
Change stiffness

Virati L1 Y

Detune resonancas
Add damping material

3 fiuid flow vibrati

Use resilient pipe/duct connectors
Use resilient pipe hangers and supports

Equi ibret

isclate sections with soft mounts
Fasten external parts at vitwation nodes
Detune-avoid resonant buildup

5 receiver locati
Position sourca or receiver at vibration nodes

Change position of sourca or receiver or bath
Increase distance between source and recelver

MSIS-153

Relerence: 295, Page 242

Figure 5.5.4.2-1. Control of Path Vibration
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b. Crewmember Supports - The resonant
frequency of crewmember supports
should be one-half of the lowest vibration
frequency of significance. Supports that
can offer vibration protection are:

1. Contoured seats.

2. Contoured and adjustable couches.
3, Elastic seat cushions.

4. Suspension seats.

5. Body restraints,

6. Rigid or semirigid body enclosures.
7. Head restraints.

8. Vibration absorbent hand/foot pads.

Positioning crewmember stations on

structure nodal points can alleviate demands
on crewmember body support systems.

5.6 (THIS PARAGRAPH WAS NOT
USED)
{1}

5.7 RADIATION
{A}

5.7.1 Introduction
{A}

Crewmembers in a space module will be
exposed to both ionizing and non-ionizing
radiation. Ionizing radiation, which breaks
chemical bonds in biological systems, can have
immediate {acute) as well as latent effects,
depending on the magnitude of the radiation
dose absorbed, the species of ionizing radia-
tion, and the tissue affected. Non-ionizing
radiation (consisting of different types of
electromagnetic radiation) are generally not
energetic enough to break molecular bonds in
biological systems but, with sufficient inten-
sity, can produce adverse biological effects.
Tonizing radiation, which is discussed in Para-
graph 5.7.2 is attributable mainly to natural,
rather than manmade, sources in space. Non-
jonizing radiation, which is discussed in Para-
graph 5.7.3, is attributable primarily to
manmade sources within the spacecraft.
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5.7.2 Ionizing Radiation
{A}

5.7.2.1 Ionizing Radiation Design

Considerations
{A}

5.7.2.1.1 Types of Ionizing Radia-
tion
(A}

The ionizing radiation in space is com-
prised of charged particles, uncharged par-
ticles, and high-energy electromagnetic
radiation. The particles vary in size from
electrons (beta rays) through protons
(hydrogen nuclei) and helium atoms (alpha
particles) to the heavier nuclei encountered in
cosmic rays, e.g., HZE particles (High Z and
Energy, where Z is the charge). They may
have single charges, either positive (protons,
p) or negative (electrons, e), multiple charges
(alpha or HZE particles); or no charge, such
as neutrons. The atomic nuclei of cosmic rays,
HZE particles, are usually completely stripped
of electrons and thus have a positive charge
equal to their atomic number.

The ionizing electromagnetic radiation
consists of x-rays and gamma-rays which dif-
fer from each other in their energy. By con-
vention X-rays have a lower energy than the
gamma-rays with the dividing line being at
about 1Merv. In general, x-rays are produced
either by the interaction of energetic electrons
with inner shell electrons of heavier elements
or through the bremsstrahlung or braking
radiation mechanism when deflected by the
Coulomb field of the atomic nuclei of the
target material. Gamma-rays are usually

products of the de-excitation of excited
heavier elements.

Ionizing radiations vary greatly in energy.
Electromagnetic radiations have energy quan-
ta determined by their wavelength or fre-
quency. The energy of particulate radiation
depends on the mass and velocity of the par-
ticles. Figure 5.7.2.1.1-1 summarizes the
main types of ionizing radiation including
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their charge, mass, and source.

5.7.2.1.2 Sources of Ionizing
Radiation
(A}

Man in a space module will be subject to
radiation emanating from two different kinds
of sources: those occurring naturally in space
and manmade sources. The naturally occur-
ring space radiation environment is comprised
of charged particles (and accompanying
electromagnetic radiation) attributable to a
number of distinct sources as shown in Figure
5.7.2.1.2-1, In terms of potential biological
hazard, some of these sources produce par-
ticles that can be neglected because either the
particle energy or flux density is too low.
Thus, from a practical standpoint the radiation
encountered in space may be attributed to
three principal sources: geomagnetically
trapped radiation, galactic cosmic radiation,
and solar particle event radiation (also called
solar cosmic rays). The galactic cosmic radia-
tion is biologically important despite its lower

density. Space radiation levels vary substan-
tially both with time and with distance from
the Earth. These temporal and spatial fluctua-
tions must be taken into account in the plan-
ning of space missions if radiation exposures
are to be held to an acceptable level. The three
main sources of space radiation will be dis-
cussed separately.

For planning purposes the low inclination,
low altitude earth orbit (LEQ), the low al-
titude polar orbit (LPO), and the inter-
planetary orbit (I0) are representative of
almost all future manned missions. Each of
these orbits will be subject to a unique radia-
tion environment. For the LEO one needs to

consider only the lower edge of the radiation
belt at the South Atlantic Anomaly (SAA), and
galactic cosmicrays with energies above about
1 GeV. Since a spacecraft in LPO spends part
of its time over the polar caps where the
Earth’s magnetic field is directly connected to
the interplanetary magnetic field, its radiation

Name Nature of radiation Charge Mass Saurces
A Primary: Solar corona, stars, galaxies, terrestirial
X-ray Electromagnetic o 0 atmosphere in auroral zone.
Secondary: Spacecraft structure in some parts
of the radiation belts, in the auroral zane, and
in interplanetary space following some solar
G El . 0 flares.
amma ray ectromagnstic Y Stars, galaxies, unknown speradic sources, and
spacecraft atmosphere.
Electron Particle -8 1mg Radiation belts and auroral regions.
Proton Particle +0 1840 m,  Galactic cosmic rays, radiation belts, and
or1amu solar flares.
Neutran Paricle 0 1841 me  Primary: Galactic cosmic ray atmospheric albedo
neutrons.
Secondary: Galactic cosmic ray interaction with
spacecraft structure.
Alpha particle Particla +2e 4 amu Galactic and solar.
(helium nucleus)
HZE particle Particfa 2+3a 26 amu BGalactic and solar.
(heavy primary
nuclei)

Reference: 19, Subnote 1 (1)

Radiations in Space
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Figure 5.7.2.11-1 Sources and Characteristics of Electromagnetic and Particulate lonizing
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2 1013 Solar wind protons
3 Auroral electrons
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P Trapped protons
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i 100 P Solar flare
s protons
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= Galactic cosmic rays
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Reference: 179, page 34

MSIS-1565

Figure 5.7.2.1.2-1. Space Radiation
Environment

environment will consist of about 60% SAA
radiation and 40% galactic and solar cosmic
rays. However, since a spacecraft in the low
Earth orbit flies quite close to the Earth, the
Earth acts as a large shield, protecting it addi-
tionally from solar flare and galactic radiation
over roughly 2 pi steradians. Ininterplanetary
space, on the other hand, any space craft will
be exposed to both solar and galactic cosmic
ray radiation over the full 4 pi steradian solid
angle.

5.7.2.1.2.1 Trapped Radiation
Belts
{A}

If only electrons are considered, there
There are two belts of geomagnetically
trapped radiation around the Earth. These
belts, known as the Van Allen belts, are
separated by a region of relatively low inten-
sity. The inner belt consists of and high ener-
gy electrons, extends out to an altitude of
approximately 12,000 km (6500 nm) and
peaks at altitudes ranging from roughly 2000
- 5000 km {1100 - 2700 nm) depending on
such factors as particle type (e or p), particle
energy, solar cycle condition, shield thickness,
etc. depending on such factors as electron
energy, solar cycle conditions, shield thick-
ness, etc.
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Protons, on the other hand, form one
uniform trapping region whose lower bound-
ary is the earth’s atmosphere at about 500 m
while the outer boundary is the magnetopause
between 36000 km and 67000 km. In this
region the distance of the peak flux depends
on the energy of the particles with the ener-
getic protons peaking closer to the earth, while
the low energy protons peak at the position of
the electron slot. Within a distance of about
20000 km the Earth’s magnetic field govern-
ing the dynamics of the radiation belts is main-
ly dipolar with smaller contributions from
higher order terms. However, the dipole is
also offset from the center of radiation belts
come closest to the surface of the Earth at the
location of the South Atlantic Anomaly (SAA)
whose center lies roughly at 35 degrees east
longitude and 35 degrees south latitude (see
Figure 5.7.2.1.2.1-1). In this region, for a
given altitude, the proton intensity exceeds
the intensity measured at the same altitude at
any other part of the globe. For trajectories of
space vehicles of 30 degrees inclination from
the equator or greater, there will be ap-
proximately five traverses through this SAA
each day (see Figure 5.7.2.1.2.1-2), Ex-
perience with Earth orbital missions to date
indicates that nearly all of the accumulated
radiation exposure can be attributable to pas-
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sage through the SAA.

The proton spectra and fluence are strong
functions of altitude. At the higher altitudes,
the greater portion of crew exposures is
received during transits through the SAA as a
result of greater trapped proton fluence levels,
At lower altitudes, the protons in the SAA
interact with the residual atmosphere. Some
of the protons are lost and contribute to an
anisotropic distribution of protons. Over a
factor of two difference exists between the
proton flux from the east compared to the flux
from the west. The anisotrophy in particle
flux will be an important factor for Space
Station.

In addition to altitude, the integrated dose
is a function of orbital inclination and solar
cycle. Increases in solar activity expand the
atmosphere and increase the losses of protons
in LEQ. Therefore, trapped radiation doses in

LEO decrease during solar maximum and in-
crease during solar minimum.

Trajectories of low inclination flights do
not pass the regions of maximum intensities
within the SAA. Although high inclination
flights pass through the SAA maximum inten-
sity regions, less time is spent in the SAA than
low inclination flights. Thus crews in high
inclination flights receive less net exposure to
trapped radiation than in low inclination
flights for a given altitude. Figure 5.7.2,1.2.1-
1 depicts the location of the SAA. Low inclina-
tion flights will not transit the SAA south of
28.5 degrees south latitude and avoids the
peak of the SAA. High inclination flights tran-
sit between North and South 58 degrees.

PROTONS: J(E)>10.000 MeV
317.000 NM
SOLAR MINIMUM

30 -

LATITUDE (oN}

-30

-60

9 120 150

Protons Of Fnergy Greater Than 30 MeV Projected for S$1S-61,

Hubble Repair Mission
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Figure 5.7.2.1.2.1-2 Variation of Dose-Rate Within A Low Earth Orbiting

Spacecraft (28.5° inclination, 333 nautical miles)
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5.7.2.1.2.2 Galactic Cosmic Radia-
tion
{A}

Galactic Cosmic Radiation (GCR), fre-
quently referred to simply as galactic radia-
tion, originates outside the solar system. This
radiation consists of atomic nuclei that have
been ionized and accelerated to very high
energies. Protons (hydrogen nuclei) con-
stitute about 85% of this radiation; alpha par-
ticles (helium nuclei), about 13%; and heavier
nuclei (HZE particles) from Z = 3 to ap-
proximately 30, the remaining few percent.
(For specific tabulations of the major nuclei
comprising the galactic cosmic rays see Refer-
ence 209). Actually, nuclei with atomic num-
ber Z greater than 30, the so-called ultra heavy
nuclei, are also present, but at extremely low
levels (their combined abundance is only
about 107 of that of iron).

A distinction also exists between true
galactic cosmic radiation originating from a
cosmic ray source {(CRS) outside the solar
system and a component that seems to be part
of the solar system and which has a much
smaller HZE contribution.

The galactic cosmic radiation received on
Earth varies substantially both as a function of
the level of solar activity occurring at that time
and as a function of position on the Earth’s
surface. Figure 5.7.2.1.2.2-1 shows the
fluxes of different GCR components as a func-
tion of position on the Earth (geomagnetic
latitude zero deg is equatorial, 90 deg is
polar). The increase in the proton and alpha
particle fluxes during the time of decreased
solar activity (solar minimum) as compared to
time of increased solar activity (solar maxi-
mum) is clearly shown.

For spacecraft, both the altitude of the
vehicle and the inclination of the orbit are
important in determining the radiation dose
rate that would be received due to the GCR,
as shown in Figures 5.7.2,1.2.2-2 and
5.7.2.1.2.2-3 Two figures are shown, one
depicting the dose rate {in rads) to the crew-
members, and the other, the dose equivalent

Partideslm2 sec sterad

rate in rem, which is discussed in 5.7.2.1.3.
The major effect, shown in the figures, is the
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Figure 5.7.2.1.2.2-1 Intensity of the Various

Primary Components of the
GCR Radiation as a Function

of Geomagnetic Latitude
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shielding afforded by the Earth’s magnetic
field in deflecting the incoming charged par-
ticles of the GCR. For space modules in LEO,
the 300 km (160 nm) orbit curves are ap-
plicable. At an altitude of about six Earth radii
(approximately geosynchronous orbit) this
geomagnetic shielding effect disappears.

5.7.2.1.2.3 Solar Cosmic Rays

Solar activity increases in rather regular
11-year cycles and is characterized by giant
eruptions from the surface of the Sun termed
"solar flares". Solar flares develop rapidly and
generally last only 30 to 50 minutes, during
which time intense electromagnetic radiation
is emitted, along with energetic particles.
However, the solar particles continue to arrive
near the Earth for a few hours to several days
after the visible activity has ceased. Only a
fraction of the solar flares produce particles
that reach the near-Earth vicinity.

These high-energy particles, consisting
primarily of protons but also of alpha and HZE
particles, are called solar cosmic radiation
{SCR). Alternate terms used are solar ener-
getic particles (SEP) and solar proton event
(SPE) radiation. (Specific tabulations of the
major nuclei comprising the SCR can be found
in References 210 and 211.) A comparison
between the GCR and SCR is shown in Figure

The 11-year cycle of solar activity was first
noted by 19th century astronomers on the
basis of sunspots, and refined by them by
reconstructing sunspot data back to the year

However, data on solar cosmic rays have
only been collected since 1956, which cor-
responds to the beginning of cycle 19. Data
indicates that about 30 to 50 major SCR events
occur per cycle, most during the middle 5
years corresponding to solar maximum . This
is illustrated in Figure 5.7.2.1.2.3-2 which dis-
plays integral solar proton fluence for the SCR
events and the sunspot number for cycles 19
through 21. Figure 5.7.2.1.2.3-3 depicts solar
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CRITERION GALACTIC COSMIC RAYS SOLAR COSMIC RAYS
Spatial distribution | Isotropic beyond terrestrial influence Nonisotropic at onset, later becoming
{no preferred direction of arrival) diffused throvgh solar system
Composition Approximately 85% proton, 13% alpha Almost all (96-99%) protons, some (1-4%)
particles, remainder heavier nuclei, alpha particles, small, remainder (001-01%)
primarily of elements Z <26, very heavier nuclei of elements Z < 26

small fraction 3 < Z = 92

Temporal variations | Permanent phenomenon, practically Transient radiation, greatly variable with
constant with time time

Energy Extending to at least 1017 ev in some | About 1010 ev highest recorded
cases (much greater maximum than
solar particles)

Origin Theories only;, perhaps supernovae Active regions of flares on the sun
explosions in the galaxy

Flux density Relatively low; about Very high: may be as high as 106
2 particlesiom?-sec of all energies particles/cm< - sec

Biological effects Primarily mutagenic with some Primarily acute damage; possible sudden
vital cell destruction illness; incapacitation, or death

Reference: 78, Page 2-113
210, Table 1, Figure 2

MSIS 16!
Rev. A

Figure 5.2.2.1.2.3-1 Comparison of Galactic Cosmic Rays and
Flare Produced Solar Cosmic Rays
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proton events from 1956 through mid 1992.
Several large events occurred at the beginning
of cycle 22.

protons would have produced through 1
gm/em2 (2 lb/ftz) of shielding in free
space is shown in Figure 5.7.2.1.2.3-4.

a. Cycle 19 was the most active cycle in
terms of both SCR particle fluencies and
sunspot number. A tabulation of the 16
largest flare-produced events of the cycle
isshowninFigure5.7.2.1.2.3-3 along with
the calculated skin doses that these solar
proton fluencies would produce.

b. The August 1972 event was the largest
single recorded event, occurring during
the more "ordinary" cycle 20. A plot of the
calculated organ doses that these solar

¢. Cycle 21 appears to be more like cycle
19 than cycle 20, but produced neither the
largest single event nor the highest
cumulative proton fluency. Rather there
are indications that the proton fluency
over this cycle had a higher energy
spectrum than during the two previous
cycles.

e
>30 MeV SOLAR PROTON EVENTS
-~ Cycle 19 Cycle 20 Cycle 21 Cycle 22
N 10|
£
s
Ll
Q s}
T
S|
LL r
6
o LI L
355 60 65 70 75 80 85 90 95|
YEAR %

Reference: 412

Figure 5.7.212.3-3 Solar Proton Events from 1955 to 1992
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5.7.2.1.2.4 Onboard Radiation
Sources
(A}

Manmade radiation sources onboard
space modules can be put into three main
categories: electric power sources, small
radiation sources, and induced radioactivity.

The electric power sources may be further
categorized as either a radioisotopic source or
a nuclear reactor, both favored because of
their compact size, light weight, and long life.
The most common isotopic power source is the
radioisotopic thermoelectric generator (RTG),
a static device that directly converts the heat
given off by an isotope to electricity via a
thermocouple junction. Most of the nuclear
power sources that have been launched by the
U.S. are RTGs, ranging from the first one,
SNAP-3A, in 1961 to the multi-hundred watt
RTGs on the Voyager spacecraft in 1977. The
dynamic isotope power system (DIPS) is
another radioisotopic power system that was
developed but not flown.

Nuclear reactors can provide large quan-
tities of power more efficiently than RTGs. A
single reactor was launched, the 500 W SNAP-
10A in 1965, but programs in the 1980s, such
as SP-100, have shown renewed interest in
reactors, especially as power sources for
hundreds, or even thousands, of kilowatts.
Such reactors will be highly radioactive during
and after operation and require substantial
shielding. For space modules such as a space
station, they can be incorporated into the
overall configuration in one of three general
ways: rigidly attached reactors (onboard or
boom-mounted), flexibly attached reactors
(tethered), and free-flying reactors.

Other radiation sources onboard would be
very small in comparison to an RTG or a
reactor {in size and radioactivity) and would
be easily shielded. Such sources might in-
clude calibration sources {for radiation
monitoring instruments), machine and
isotopic radiography sources, ionization sour-
ces (for smoke detectors), radiopharmaceuti-
cals, and scientific and medical radioisotopes

5-94

used in experiments.

The third category, induced radioactivity,
refers to the fact that some materials in a
spacecraft may become radioactive as a result
of interactions with space radiation. An ex-
ample is the activation by protons (inner
trapped belts, galactic cosmic radiation, solar
flares) of aluminum, composed of the stable
isotope Al-27, to the radioactive isotope
Na22. The aforementioned space proton
fluxes are generally low enough that the in-
duced radioactivity does not present a radia-
tion problem.

5.7.2.1.3 Human Responses to
Ionizing Radiation
{A)

Manned space flight requires considera-
tion of the biological effects of radiation on
man. Biological effects are categorized as
either latent (delayed effects due to low doses
acquired over long periods) or acute (imme-
diate effects from high doses acquired over
short periods). Each of these are discussed
below after the following paragraph, which
describes the units of measure used to
describe biological damage by ionizing radia-
tion.

5.7.2.1.3.1 Units of Measure Used

to Describe Human Responses to

10

{A}
a. Dose (D) - The amount of radiation
energy absorbed by tissue is measured in
rads (100 ergs of energy per gram of
material). The currently used SI unit for
dose is the gray (Gy), which is defined as
1 Gy = 100 rads.

b. Dose Equivalent (DE) - The amount of
biologically damaging ionizing radiationis
measured in terms of rem (roentgen
equivalent man). It is defined as the
product of the absorbed dose (D), in rad,
and the quality factor (Q).

DE =D (Q)
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The currently used SI unit for dose
equivalent is the sieviert (Sv), which is
defined as 1 Sv = 100 rem and equals dose
in Gy times Q.

¢. Quality Factor (Q) - The quality factor
is an artificial factor dependent on the
linear energy transfer of the radiation by
means of which biological effects resulting
from absorbed doses of different types of
radiation maybe related to X- and gamma-
radiation doses. Figure 5.7.2,1.3.1-1
presents current Q factors for a number of
different types of radiation.

As a given particle degrades in tissue, the
Q will rise as its energy transfer per
micrometer (see definition of LET below)
rises. For abeam of protons having a wide
range of energies, the average Q tends to
drop with increasing depth in tissue as the

lower energy component tends to be
removed with increasing depth and the
high-energy component continues its
traversal.

The standard Q values are based on the
most detrimental chronic biclogical effect
(e.g., carcinogenesis by neutrons) for con-
tinuous low-dose exposure that might be
met in industrial situations. However, the
Q for many acute high dose rate exposures
may be very much lower.

For this reason, recognized committees of
radiation experts are currently reevaluat-
ing the data upon which the @ values are
based and are likely to revise these Q
factors.

Type of radiation

Qualtiy factor, Q

X-rays

Beta particles, 0.1 MaV

Nsutrons, thermal energy
Neutrons, 0.0001 MeV
Neutrons, 0.005 MeV
Neutrons, 0.02 MeV
Neutrons, 0.5 MeV
Neutrons, 1,0 MeV
Neutrons, 10.0 MeV

Protons, 1.0 MeV
Protons, 0,1 MeV

Alpha particles, 1 MeV

Gamma rays and bremsstrahlung

Beta particles, electrons, 1.0 MeV

Protens, greater than 100 MeV

Alpha particles (helium nuclei), 5 MeV

2.8
22
24

10.2

10.5
6.4
1-2

10

15
20

Reterence: 92, Table 9-1

MSIS-185

Figure 5.7.2.1.3.1-1. Quality Factor for Various
Types of Radiation
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d. Relative Biological Effectiveness (RBE)
- A related but distinctly different term
from Q, is the RBE, (relative biclogical
effectiveness) which is based solely on
experimentally determined effects of dif-
ferent types of radiation on biological sys-
tems.

e. Linear Energy Transfer (LET) - The LET
denotes the rate of energy dissipation
along the path of a charged particle.
There are actually three LET equivalent
terms in use:

1. LET in units of kev/micron (kev per
micrometer of tissue).

2. dE/dx in units of Mev/cm, and
therefore dE divided by dx = 10 LET.

3. dE/dz, in units of Mev cmz/gm of
tissue, which is dE/dx divided by the
density of the tissue.

The dependence of Q on the LET is
seen in Figure 5.7.2.1.3.1-2.

For a beam of charged particles, the dose
at a point in a medium is proportional to
the fluency of particles at the point multi-
plied by the linear energy transfer (LET)
divided by the density of the medium.

5.7.2.1,3.2 Late Effects of Ioniz-
ing Radiation
{A}

In the beginning of the manned space
program, the focus had been on acute, non-
stochastic effects (direct tissue damage) of
ionizing radiation on specific organs. More
recently, much attention is being paid to the
latent, stochastic effects (cancer and genetic
effects) of low-level doses. The current limits
are based on recommendations for Scientific
Committee 75 of the National Council on
Radiation Protection and Measurements
(NCRP) that were outlined in their Report 98,
"Guidance on Radiation Received in Space
Activities", July 31, 1989.

The crewmember career limit is based on
the delivered dose equivalent to three body
organs: eye (3 mm depth) skin (0.1 mm
depth) and blood forming organs (BFO, 5 cm
depth). The career depth dose - equivalent

Unrestricted linear energy
Transfer, L in water

Quality Factor
Q(L)

(kev/pm)
<10 1
10-100 0.32L-2.2
> 100 300/+L
Refarence: 324, Fig.l pg.28 gg
416 E:E

-----

Figure 5.7.2.1.3.1-2 Values of Quality Factor as a Function
of radiation LET, L, expressed in kev/um
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limit is based upon a maximum 3 percent
lifetime excess risk of cancer mortality. The
total dose-equivalent yielding this risk
depends on sex and age at start of exposure.
The career dose-equivalent limit is ap-
proximately equal to:

200 + 7.5 (age - 30) rem for males up to
400 rem maximum

200 + 7.5 (age - 38) rem for females up
to 400 rem maximum

The recent recommendations incor-
porated a new philosophy to consider the age
and sex of the individual being exposed. This
was in recognition that organ radiosen-
sitivities vary with an individual's age. There-
fore, it is necessary to couple the exposure
received with the organ radiosensitivities of
the individual at that point in their lifetime to
determine the actual risk incurred. Likewise,
the sex of the exposed individual must be
considered since radiosensitivities vary by sex.

The difference between male and female
career limits represents the difference in
radiosensitivities between the genders. Each
career limit provides the same level of risk
protection to both genders, i.e. 3% excess
lifetime cancer mortality risk.

Previous career limits were based on ear-
lier data from the atomic bomb survivors
database that estimated the mortality risk of 6
X 10” mortality/rem. The basis of the current
career limits places the risk on the order of 2
X10 mortahty/ rem. The risk for genetic nsk
is estimated to be approximately half, 1 X 10"
defects/rem. A more complete analysis of
these risk factors may be found in NCRP
Report 98.

Since Report 98 was compiled and issued,
more data from the atomic bomb survivors has
become available. Preliminary analysis indi-
cates that lifetime mortality risk factors are
greater than those used to develop the recom-
mendations presented in NCRP Report 98.
Lower career limits are likely to be recom-
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mended in the near future as this data is
analyzed by NCRP Scientific Committee 75.

5.7.2.1.3.3 Acute Effects of Ioniz-
ing Radiation
(A)

Because of the possibility of high radiation
doses to crewmembers due to unpredictable
events (e.g., solar flares, emergency repairs on
nuclear power sources, etc.), the effects of
acute radiation doses will be discussed in
some detail. This extends all the way to lethal
doses, commonly expressed as **LD50** j.e.,
the radiation dose that is expected to kill 50%
of an exposed population.

Despite the excellent record of very low
crewmember doses to date, consideration of
acute doses is also important because future
space programs will involve much longer stays
and orbits higher into the trapped belts. Aside
from 2-8 rem on the long-duration Skylab
missions, crewmember dose equivalents have
been very much less than 1 rem. The strong
dependence of crewmember dose with orbit
altitude can be seen in Figures 5.7.2.1.3.3-1
and 5.7.2.1.3.3-2. These plots depict actual
crew dose rates in the crew compartment of
the space shuttle for different inclinations as
a function of mission altitude. Also shown in
the figures are the results of corresponding
calculations that used the AP8 trapped-belt
proton environment model.

In the following paragraphs, acute whole-
body irradiation effects, effects on specific or-
gans, and performance degradation effects are
discussed:

5.7.2.1.3.3.1 Whole-Body Irradia-
tion Effects
(A}

Figure 5.7.2.1.3.3.1-1 presents the ex-
pected early effects of acute whole-body ir-
radiation. It should be emphasized that these
thresholds do not hold true for partial body
and protracted radiation of the same total
dosage. They do not cover exposure to simul-
taneous environmental stress of other types.
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Figure 5.7.2.1.3.3-2 High Inclination Orbits Compared With Calculated
Values [AP8 Modell for Solar Min and Solar Max
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Dose in rads Probable effect

Q1o 80 No obvious effect, except, possibly, minot blood ¢changes and anorexia.

5010100 Vomiting and nausea for about 1 day In 1010 20% of exposed personnel. Fatigue, but no serious
disability. Translent reduction in lymphocytes and neutrophilis.

10010 200 Vomiting and nausea for about 1 day, faliowed by other symptoms of radiation sickness in up 1o 50%
of person_nel; < 5% deaths anticipated. A reduction of approximately 50% in lymphocytes and
neutrophils will occur.

20010 350 Vomiting and nausea in 50 to 90% of personnel on {irst day, followed by other symptome of radiation
sickness, e.t., loss of appetite, diarrhea, minor hemorrhage; 5 to 90% deaths within 2 to § weeks
after exposure; survivors convalescent for about 3 months.

350 to 550 Vomiting and nausea in most personnel on first day, followed by other symptoms of radiation
sicknass, 8.0, fever, hamarrhage, diarrhea, emaciation, Over 90% deaths within 1 month;
survivors convalascent for about 8 months,

55010 750 Vomiting and nausea, or at least nausea, In all personnel within tour hours from exposure, followed by
severe symploms of radiation sickness, as above. Up to 100% deaths; few survivors convalescent
for about six months.

1000 Vomiting and nausea in all parsonnel within 1 t0 2 hours. Probably no survivors from radiation
sickness

5000 Incapacitation almost immediately (several hours). All personnel will be fatalitias within one week.

Reterance; 9, Table 3-36, page 3-47

Figure §.7.2.1.3.3.1-1 Expected Early Effects From Acule Whole Body Radiation on Earth

The latency periods and relative duration of
symptoms are dependent upon the penetra-
tion, quality factors, total dose, dose distribu-
tion, and intensity of the exposure.

Figure 5.7.2.1.3.3.1-2 represents the
mean survival time of man versus the acute
radiation dose of whole-body radiation. The
major cause of death is indicated for each dose
range.

5.7.2.1.3.3.2 Gastrointestinal or
Precursor Effects
{A)

These symptoms include nausea, vomit-
ing, and diarrhea. These may appear within
an hour or two and subside within aday atany
dose above about 50 - 100 rads.

5-100

After a short latent period, a feeling of
fatigue is followed by depression and emotion-
al disturbance accompanied by anorexia,
nausea, retching, salivation, and vomiting. In-
testinal cramps and diarthea occur early at
lethal doses. Symptoms reach a peak in about
4 to 6 hours and then improve rapidly. For
200 and 300 rads the peak may occur as
quickly as two hours after exposure. The de-
gree of upset and duration of recovery depend
on the size and location of dose, on individual
sensitivity and, most importantly, on the dose
rate.

The time of onset of the precursor
symptoms of nausea and vomiting, empirical-
ly derived, may be seen in Figure
5.7.2.1.3.3.2-1. Itis based on data from atom
bomb casualties, nuclear accident victims, and
the irradiation of cancer patients.

MSiS-168

REX A
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Figure 5.7.2.1.3.3.2-1 Anticipated Elapsed Iime Between lrradiation and
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of 100 Persons Exposed to Lethal Level
Radiation Doses
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The dose response may be probablistically
treated as a symptom dose affecting a
specified fraction of an irradiated population,
e.g., ED50 is the dose producing the symptom
in 50% of an irradiated population. Figure
5.7.2.1.3.3.2-2 gives the extrapolated ED10,
ED50, and ED90 doses based on x-ray and
gamma-ray experiments and should be con-
sidered conservatively, having higher ED
values and a wider range of distribution than
would be expected in a normal population.

5.7.2.1.3.3.3 Hematological
Effects
{A}

Acute hematopoietic (blood producing)
symptoms, i.e. thrombocytopenia (lack of
platelets), leukopenia, (lack of white blood
cells), hemorrhage, and accompanying infec-
tion. These symptoms will appear within a
few days to a week and can reach a clinically
aggravating level at doses of 50 - 150 rads or
more to the marrow within several weeksto a
month.

Effects on the blood system due to radia-
tion are largely dependent on damage to the

cell inhibits normal division and reproduction
of the elements, resulting in decreased blood
counts.

Signs and symptoms then develop relating
to the depletion of various elements of the
blood. These symptoms include infections
and fever relating to the depression of white
blood cells and impairment of the immune
system. Other symptoms include bleeding and
anemia relating to platelet depression. These
symptoms may lead to death if the bone mar-
row is incapable of responding in time by
adequate cell regeneration.

The changes with time in most of the
affected blood elements are fairly well corre-
lated with the radiation dose to the bone
marrow. Based on the dose relationship of
these changes, the following four stages or
prognosis may be made, corresponding to the
four levels of radiation dose:

a. Almost certain survival - dose of less
than 100 rads.

b. Probable survival - dose of 100 - 200

marrow and lymphoid tissue. Damage to the rads.
Absorbed dose for probability of
response (rads)
Clinical sign ] 10 percent 50 percent S0 percent
Anorexia 40 100 240
Nausea 50 170 320
Vomiting 80 215 380
Diarrhea 90 240 300 ~
&
[72]
-

Reference: 9, Table 3-41

REM A

Point of interast for dose estimate; a 26-cm diameter
sphera in the mid-epigastric region; Q assumedto

be unity.
Figure 5.7.2.1.3.3.2-2E stimated High Intensity
Radiation Dose Levels
Producing Early
Prodromai Respanses
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c. Possible survival - dose of 200 - 500
rads.

d. Improbable survival - dose greater
than 500 rads.

Experimental evidence has shown the im-
portant role played by the three key blood
elements: lymphocytes, neutrophils, and
platelets, The changes are represented as per-
centages of normal counts. The dose levels
producing a specified blood element reduction
are shown in Figure 5.7.2.1.3.3.3-1.

5.7.2.1.3.3.4 Skin Tissue Effects
{A}

Widespread erythema (redness) and skin
blistering are the primary effects of ionizing
radiation on skin tissue. Under certain cir-
cumstances, such as EVA operations, high-in-
tensity surface exposure with little deep tissue
dosage may occur. Depending on the quality
of the radiation, erythema will appear within
a few hours to days following exposures of
400 to 800 rads. Due to the restrictions and
abrasive contacts of the space suit, even a
partial body moderate erythema could be-
come extremely uncomfortable and some-
what incapacitating.

Figure 5.7.2.1.3.3.4-1 shows the air dose-
response of the skin for these early symptoms
following doses of x-rays. The skin reactions
with adequate statistical data to make popula-
tion dose response projections are erythema
and moist desquamation. The statistical
projections for these skin reactions are sum-
marized in Figure 5.7.2.1.3.3.4-2.

5.7.2.1.3.3,5 Reproductive Cell Ef-
fects
{A)

The sterilizing effect of radiation on
reproductive cells will not affect the success of
a specific space mission, but may have a
second- order, even first-order, psychological
bearing on crew effectiveness during the
whole program. Due to the high radiosen-
sitivity of the sex cells lining the reproductive
organs, the gonads are among the more sensi-
tive organs of the human body. Figure
5.7.2.1.3.3.5-1 shows the expected dose-
response relationship for male sterility ob-
tained from experience with electromagnetic
radiation.

Absorbed dose for reduction from normal (rads) **

Circulating element 25 percant 50 percent 75 percent
Platelats *** 50 120 250
Lymphocytes *** 60 150 300
MNeutrophils *** 80 190 390

Reference: 9, Tabls 3-44

.
L]

hE

Syn:nptorps appear within 1 1o 10 days after bone marrow exposure,
Point of interest for dose estimation averags depth of 5 em: Q assumed to be unity.
~ 3, 25, and 30 days, respectively, for lymphocytas, neutrophils, and platelets.

MSIS-172

REM A

Figure 5.7.2.1.3.3.3-1 Estimated High Intensity Radiation Dose Levels to Produce
Specifled Percentage Reduction in Blood Elements *
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Epilation - loss of hair Erythema (first degree bumns) Moist desquamation and Ulceration (third
blistering {second degrae burns)
degres bums)
Rare at less than
200r
Partial gpilation at Response is dependenton
350-450r energy, dose rate, area
exposed, and complexion
of the individual, Full effectin
1 to 3 weoks after:
Complete epilation 200-400 r {<150 keV)
in 16-18 days
at>450r 500-600 r {(200-400 keV)
Permanant epilation BOO-1000 r (>400 keV)
at>700r
Response in first hours at Effectin 1-2 weeks
1000 at>1000r Rapidly progressive
effect at » 20001
2
Reference: 9, Table 3-41 _m‘_ <
[%2]
* These statements are based on air doses. Dose astimates ars at 0.1 mm depth where 11 = 1 rad. = E
Figure 5.7.2.1.3.3.4-1Radiation Damage to Skin
Absorbed dose for probability of response (rads)
Skin reaction
10 percent 50 percant 90 percent
Erythema 400 575 750
Desquamation 1,400 2,000 2,600
Reference; 9, Table 3-41
An overall modifying factor (Qg) weighted for LET should be applied o
to the dose values given here (Q = 1 for LET < 3.5 KeV/i, Q= 3 for ~
LET > 3.5 KeVAt). An area effectiveness factor of 1.25 is suggested h<
to reduce the dose value given here whan exposure involves skin a‘-ji
areas up 1o or greater than 150 cm2, =

Figure 5.7.2.1.3.3.4-2  Estimated Doses of High Intensity Radiation
{Q= 1) at 0.1 mm Depth of Producing Erythema
and Desquarnation of the Skin
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Dose

Response

15-100 rad

200-300C rad

400-600 rad
> 600 rad

Progressive reduction in fertility with
dose reduced sparm count
(oligospermia) and increased
frequency of abnormal sperm.
Above 100 rads, azoospermia is
usually evident at 10 weeks.

Temporary, absolute sterility
{azoospermia) for approximately
12-15 months after 10 weeks.
Temporary sterility for 18-60 months.

Probably permanent sterility

Reference: 9, table 3-52

REM A

MSIS-175

Figure 5.7.2.1.3.3.5-1Radiation Damage to Testes

5.7.2.1.8.3.6 Performance
Degradation Effects
{A)

Degradation of general operational skills
through direct and indirect physiological and
neurological injury include lassitude and ac-
companied by nebulous symptoms of reduced
performance capacity interfering with infor-
mation processing, decision making, emotion-
al stability, and motivation, often related to
the prodromal symptoms described above. At
higher doses, vascular shock, cerebral edema
(swelling of the brain), and hypoxia (lack of
oxygen) of the central nervous system, all
contribute to the effects often referred to as
the "central nervous system syndrome".

Performance testing of monkeys before,
during, and after irradiation to high dosages
has shown a transient decline and subsequent
recovery of one type of task and successful
performance for other tasks. A slower reac-
tion time was exhibited by animals given the
highest exposures (greater than 750 rads).
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5.7.2,.1.3.4 Biological Effects of
HZE Particles
{A)

High-energy HZE particles pose a special
concern. First, when a single HZE particle
slows down and stops in tissue, it forms a
microlesion in which many cells are destroyed
in a diameter of 10 - 50 Angstroms. An outer
sheath, extending out to 10 Angstroms, has
injured or slightly irradiated cells. This
microlesion is a unique damage mechanism
whose effect cannot be predicted based on the
known effects of low- and high-LET radiation.
Secondly, it is known that heavy ions are
carcinogenic but their relative effectiveness is
not well known, What is known is that the
flux of HZE particles in space is low. There is
still great uncertainty as to how large a risk
these particles (and Fe56, in particular) pose
to humans in space.
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5.7.2.1.4 Ionizing Radiation
Protection Design Considerations
{A}

Because crewmembers will encounter
radiation in space from the sources listed in
Paragraph 5.7.2.1.1, a variety of strategies
need to be considered for protecting them
from the radiation hazards.

The first strategy is to set for each mission
the applicable exposure limits based on the
NASA radiation dose limits set in Paragraph
5.7.2.2.1 and consistent with the mission ob-
jectives,

After this primary strategy, there are four
main methodologies available: 1) bulk mass
shielding, 2) active electromagnetic shielding,
3) chemical protectors, and 4) avoidance of
high radiation fluxes by maneuvering of the
spacecraft and careful scheduling of activities.
Each of these methods is discussed below.

5.7.2.1.4.1 Mass Shielding
{A)

This is the main means of protecting
crewmembers from space radiation. Space
modules are constructed with an outer skin
and associated structural members and some-
times an outer micrometeoroid/ space debris
shield. In addition, the space module contains
specialized equipment with considerable mass
as well as having internal structural features
(e.g., walls, cabinets). These internal features
can provide some additional shielding, but in
only some specific directions as these masses
are not distributed uniformly and/or isotopi-
cally.

The primary structural material used on
spacecraft is aluminum, which is an effective
shielding material for all types of radiation,
However, some materials shield certain types
of radiation even better. For example, low
atomic number materials (e.g., polyethylene)
provide good protection from electrons; high
atomic number materials (e.g., lead) provide
good protection from bremsstrahlung radia-
tion. Thus, use of specialized individual or
composite materials may be considered for
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localized radiation shielding applications.

In addition to attenuating the primary in-
coming radiation, the shielding material can
also produce secondary radiation due to its
interaction with the incoming radiation. The
production of bremsstrahlung by electrons
penetrating a shield is a typical example. In-
cident protons present a more complex ex-
ample, involving both secondary protons
(from cascades of proton-shield nuclei inter-
actions, and from evaporation off of recoiling
nuclei) and secondary neutrons {evaporation
off of recoiling shield nuciei). Even though
the neutrons are less energetic than incident
protons, neutron attenuation in the shield,
which is governed by neutron interaction
mechanisms, is weaker than proton attenua-
tion. Furthermore, the quality factor Q for
neutrons can be considerably higher than for
protons {e.g., see Figure 5.7.2,1.3.1-1). While
secondary radiation needs to be accounted
for, in most cases involving "thin shields"
(gm/cm?), the primary radiation is the
predominant contributor to the total dose
rafe.

5.7.2.1.4.2 Electromagnetic
Shielding
(A)

Four different concepts for providing
electromagnetic shielding to deflect the
charged particles have been proposed. These
include: 1) an electrostatic field, 2} a plasma
shield, 3) a confined magnetic field, and 4) an
unconfined magnetic field.

All of these concepts are deemed imprac-
tical. They have the distinct disadvantages of
excessive weight and power penalties (some
studles have given estimates on the order of
10%t0 10° kg). Other disadvantages are 1) the
extreme complexity of the design, manufac-
turing, installation, and maintenance; 2) they
are not necessarily fail-safe; and 3) may have
adverse biological effects of chronic exposure
to the high field strengths. Moreover, these
magnetic fields will lead to a trapped radiation
belt around the space module.
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5.7.2.1.4,3 Chemical Protectors
{A}

The use of chemicals with the ability to
modify radiation response of mammalian cell
systems should be considered. The most ef-
fective of these are the sulfhydryl compounds.
The simplest of these is cysteine. Sulfhydryl
compounds are efficient protectors for low-
LET radiation, however, they can have
deleterious side effects and they have minimal
effect on high-LET radiation. The mechanism
by which sulfhydryl compounds are thought
to function is that of scavenging free radicals
in the body. Radiation interacts with biologi-
cal cell systems by transferring energy to
electrons, which eventually produce free radi-
cal molecules. The latter combine with
oxygen in the cells to form highly reactive
products that eventually break chemical
bonds. The sulfhydryl compounds block the
process by reacting with the free radicals in
competition with oxygen.

Animals injected with cysteamine before
being irradiated with x-rays have shown a
dose reduction factor of 1.8, However, the
sulfhydryl compounds as well as newer com-
pounds developed at Walter Reed Hospital
have been of limited usefulness for protecting
humans despite continuing research being
carried out in the United States and the Soviet
Union.

5.7.2.1.4.4 Avoidance of High
Radiation Fluxes
{A)

The intensity of space radiation varies
widely with respect to time and location.
Thus, crewmembers can be protected from
some types of radiation by adjusting orbits and
by carefully scheduling activities.

For low Earth orbits, the higher the al-
titude, the higher the fluxes of the trapped belt
radiation, as can be seen in Figure 5.7.2.1.3.3-
1. As seen in this figure, the increase of radia-
tion flux is strongly dependent on altitude, so
orbit adjustments must depend on knowing in
which direction it is advantageous to move to
decrease the radiation exposure.
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Time scheduling could involve such fac-
tors as trapped belt and galactic cosmic radia-
tion variations. A simple example of judicious
scheduling in low inclination, low Earth orbits
is to not schedule EVA activities for those few
orbits per day (e.g., 5 to 6 out of 15 to 16
orbits) which will pass directly through the
South Atlantic Anomaly. This is clearly shown
in Figure 5.7.2.1.2.1-2, which presents the
variation in absorbed dose per orbit over a
five-day period, and depicts the daily 12 to
15-hour duration over which no dose is ac-
quired since those orbits avoid the SAA.

5.7.2.1.4.5 Radiation Fields in
Polar and Geosynchronous Orbit
{A)

Geosynchronous (GEO) and polar (PEQ)
Earth orbits are accessible to both solar and
galactic cosmic rays, so other considerations
are required to avoid and/or design for the
high radiation fields these missions encounter.
The major radiation threat is from solar cosmic
rays (SCR, essentially all protons) emitted
during solar particle events (SPEs). Since
SPEs occur randomly, usually during the mid-
dle five years of an 11-year solar cycle (see
Paragraph 5.7.2.1,2.3), the major reliance has
to be on radiation monitoring to provide ad-
vance warning to the crew, and a "storm shel-
ter" of adequate shielding thickness to protect
the crew during the duration (up to 1-2 days)
of the event. GEO orbits are totally accessible
to SCRs because the shielding effect of the
Earth’s magnetic field is fully dissipated out to
such orbits (altitude of approximately 36,000
km [19,000 nm]). For polar missions,
geomagnetic shielding is in effect for a portion
of the orbit but absent for the remainder, the
proportions depending on how the geomag-
netic cutoff affects the specific altitude and
inclination of the orbit.

Galactic cosmic rays (GCR, with HZEs
comprising several percent) are also acces-
sible to PEO and GEO missions for the same
reason as with SCRs, i.e., the absence of
geomagnetic shielding. The GCR flux is much
lower than the intense SCR bursts but is ap-
proximately constant over time (aside from
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variations with solar cycle). The magnitude of
the GCR flux is known as a function of altitude
and inclination (see Figure 5.7.2,1.2.2-3) so
its effect on a particular mission can be
predicted and designed for. The major uncer-
tainty appears to be in the unique biological
effects of HZE particles (see Paragraph
5.7.2.1.3.4) and what special design measures
should be incorporated to protect against
them.

PEQ and GEO missions will also encounter
trapped belt radiation. GEO orbits will in-
volve only the energetic electrons of the outer
belt and the bremsstrahlung they produce in
shielding materials. For polar missions,
depending on the altitude and inclination of
the orbit, SAA protons and electrons of the
inner belt will both contribute.

5.7.2,1.4.6 Radiation Monitoring
{A}

Because the various types of ionizing
radiation have different biclogical effects and
because radiation exposure rates will vary
with location in the space module, a variety of
radiation dosimetry systems will be required.
Portable multisensor area monitors should be
used to detect all of the expected types of
radiation and to measure and record the radia-
tion levels at various locations within the
manned areas of the space module. Personnel
monitoring dosimeters should be used to
measure and record the radiation exposures
of individual crewmembers. Other locations,
such as where biclogical test subjects are
maintained and where radioactive tracers are
kept, should be monitored by the combined
use of area monitors, personnel dosimeters,
and other special equipment.

5.7.2.1.5 Low Earth Orbit
Environment

(A}

Current missions are restricted to Low Earth
Orbit (LEO). Figure 5.7.2.1.5-1 shows data
taken during the high inclination STS-28 flight
and illustrates the contributions of the three
natural sources of radiation for a particular
mission. The GCR component varies cyclically
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with ground track. Maximums in GCR dose
rates occur at the extreme northern or
southern portion of the orbital track. Mini-
mums correspond to transits of the geomag-
netic equator, where the space module
experiences the maximum geomagnetic
protection from GCR. At periodic intervals
large spikes in the exposure rates are en-
countered which correspond to passages
through the SAA. The largest spikes are pas-
sages through the regions of peak SAA inten-
sity; smaller peaks represent passage through
the fringes of the SAA. A unique feature of this
data is the effects of a solar particle event
{SPE) measured in LEO. Peaks in the dose rate
attributed to the SPE occur at the extreme
northern or southern portions of the orbital
track. Whereas the GCR and SAA components
shown in the Figure are "typical’ for high
inclination flights at relatively low altitude,
the effects of SPEs on dose rates will depend
upon a variety of parameters. Actual environ-
mental conditions will depend upon orbital
inclination, altitude, solar cycle and geomag-
netic conditions.

5.7.2.2 lonizing Radiation Design

Requirements
(A}

5.7.2.2.1 lonizing Radiation
Exposure Limits
(A}

Astronauts have been classified as radiation
workers and therefore a program must €xist to
protect them from excessive radiation exposure,
The Presidential Executive Order 12196 requires
allfederal agencies, including NASA, comply with
Occupational Safety and Health Administration
regulations related to fonizing radiation exposure.
While NASA is required to follow OSHA regula-
tions, no OSHA standards exist for spaceflight.
Terrestrial radiation exposure guidelines
provided in the Code of Federal Regulations (29
CFR 1910.96) are too restrictive for space ac-
tivities and therefore have been judged to be inap-
propriate. NASA can establish supplementary
standards for appropriate controf of radiation for
astronauts in accordance with 29 CFR 1960.18.
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The following NASA requirements serve as a basis

for the implementation of the supplementary
standard: (1) that its use applies to a limited
population, (2) maintenance of detailed flight
crew exposure records, (3) pre-flight hazard as-
sessmentlappraisal, (4) planned exposures be kept
As Low As Reasonably Achievable (ALARA), (5)
maintenance of operational procedures and flight
rules to minimize the chance of excessive exposure
and (0) man-made onboard radiation exposure
complies with 29 CFR 1910.96 except where the
NASA mission objectives cannot be accomplished
otherwise.

NASA has adopted the recommendations that
the National Council on Radiation Protection and
Measurements (NCRP) presentedinits Report 98,
“Guidance on Radiation Received in Space Ac-
tivities" (July, 1989) as the basis for the sup-
plementary standard for spaceflight crew
radiation exposures. The maximum exposure
limits are presented in Figure 5.7.2.2.1-1.
Whereas monthly and annual limits primarily exist
to prevent the short term physiological effects of
exposure, career limits exist to contain radiation
risk within a 3% increased lifetime cancer mor-
tality. The recommendations of the NCRP apply
to activities in low Earth orbit, such as Space
Station. For comparison, astrorqut eéxposure
limits qre greater than those of terrestrial radia-
tion workers, which are set to not exceed 5 rem per
year.

5.7.2.2.2 lonizing Radlation Protection
Design Requirements
(A}

The following strategies shall be used to im-
plement radiation protection fearures for crew-
members:

a. Radiation Protection - The design of
habitable space vehicles shall include the
necessary radiation protection features
(shielding, radiation monitoring and
dosimetry, etc.) for all expected missions to
ensure that the crew dose rates are kept as low
as reasonable achievable (ALARA levels) and
that the maximum allowable dose limits are
not exceeded.
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b. Use of Onboard Mass - The design and
layout of the space moduies shall make op-
timal use of onboard mass as radiation shield-
ing.

¢. Radiation Contingency Plans - The
habitable space module radiation environ-
mentenhancements (externallinternal) willbe
confirmed and monitored by the space
modules on-board radiation instrumentation.
Flight Rules for enhanced radiation condi-
tions, including adherence to crew radiation
exposure limits, will be implemented to ac-
complish a timely and orderly hazard assess-
ment and to determine the necessary
actions{s) required to minimize exposure.
Flight Rules action requirements, which
range from "no action” to "crew de-orbit
ASAP" are dependent on the exposure mag-
nitude and rate, and projected end-of-mission
enhancement accumilation.

d. Mission Radiation Control Program - A
mission radiation control program shall be
instituted to establish procedures and respon-
sibilities consistent with the expected mission
environment and duration of orbital stay in
order to keep radiation exposures to crew at
ALARA levels and within the established
radiation exposure limits.

e. Onboard Radioactivity - The use of
radicactive isotopes and radiation producing
equipment onboard the habitable space
moduies will require adherence to standard
groundbased radiation safety practices, in-
cluding consideration of microgravity effects
on those practices (cases review for excep-
tions determined by NASA objectives /policy).

f. Cumulative Crewmember Radiation Dose -

The radiation dose equivalent accumulated by
each space module crewmember shall be
monitored throughout the active career of all
crewmembers. Thus, career, as well as mis-
sion dose equivalent levels shall be kept
ALARA, thereby ensuring that the maximum
career dose equivalent imit shall not be ex-
ceeded.
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IONIZING RADIATION EXPOSURE LIMITS?

Exposure
interval

Depth
(5 cm)

Eye
0.3 cm)

Skin
(0.01 cm)

30 days
Annual
Career

25 REMb
50 REM
100 to 400°

100 REM
200
400

150 REM
300
600

CAREER EXPOSURE BY AGE

AND SEX

Sex

Age

25

35

45 35

Male
Female

150 REM
100

250REM
175

325REM
250 300

400 REM

MSIS416
Rev. B

FOOTNOTES:

a

Reference:

These space flight crew lonizing radiation dose-equivalent limits,
recommended to NASA by the National Council on Radiation Protection
and Measurement, {(Guidance on Radiation Received in Space Activities” -
NCRP Report No. 98, Fuly 31, 1989) have been legally adopted as the
Agency’s supplementary standard in accordance with 29 CFR 1960.18.

This table is cxpressed in conventional units due to common usage by
the discipline. The SI unit is Sievert (Sv) which is equivalent to 100 rem.

The career depth dose-equivalent limit i1s based upon a maximum

3 percent lifetime excess risk of cancer mortality. The total dese-equivalent
vielding this risk depends on sex and age ai start of exposure. The

career dose-equivalent limit is approximately equal to:

200 + 7.5 {age - 30) rem for males up to 400 rem maximum
200 + 7.5 (age - 38) rem for females vp to 400 rem maximum

206 Table 7-3

With Updates

419

figure 5.7.2.2.1-1 lonizing Radiation Exposure Limits for

Spaceflight
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5.7.2.2.3 lonizing Radiation Monitor-
ing and Dosimetry Design Require-
ments

{A}

The following design requirements shall be
observed to limit the radiation dose that the crew-
members could acquire during a given mission on
the space module.

a. Radiation Monitoring - The accumulated
radiation dose within the occupied areas of
the space modules shall be monitored and
recorded for al{ mission. Radiation dose rates
within the spacecraft shall also be monitored
and recorded.

b. Crewmember Radiation Dose Monitoring
- For each crewmember the radiation dose
shall be measured, recorded, the effective
dose equivalent calculated and stored as part
of the crew’ s radiation exposure history.

¢. Charged Particle Monitoring - Proton and
other particle fluxes and their energy
spectrum within the space modile shall be
monitored and recorded. Particle radiation
characteristics such as particle direction and
secondary particle flux, (i.e., neutrons) shall
be monitored.

d. Location of Radiation Detectors - The loca-
tion and characteristics of the onboard radia-
tion detectors shall be consistent with the
expected radiation environment.

e. Radiation Dose Management System - A
radiation dose management system shall be
provided for keeping track of crew cumulative
radiation exposure records, scheduling and
assigning crew activities and alerting person-
nel that are approaching their radiation dose
limits,

I Radiation Event Warning - A radiation
detection system shall be provided which con-
rinuously monitors the interior radiation
levels, records the accumulated dose, and can
be read out on command from Mission Con-
trol and provides clear notification of radia-
tion conditions within the space module .
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5.7.2.2.4 Ionizing Radiation
Personne] Protection Design
Requirements
(A}

The following personnel protective equipment
shall be provided, or be available, to assist and
protect crewmembers during their mission:

a. EVA Radiation Protection - EVA shall not
be scheduled during orbits passing through
the South Atlantic Anomaly unless space suits
and helmets incorporate radiation shielding.

b.  Protective IVA Garments - Personal
shielding devices, which are to be worn if and
when the crew encounters high radiation con-
ditions, are being considered for each crew-
member,

c. Radioactive Contamination Control -
Protective garments, equipment and proce-
dures shall be established for dealing with
possible radioactive contamination as-
sociated with any of the manmade radiation
sources onboard,

5.7.3 Non-Ionizing Radiation
{A}

5.7.3.1 Non-Ionizing Radiation

Design Considerations
{A]

5.7.3.1.1 Types of Non-Ionizing
Radiation
(A}

Non-Ionizing Radiation (NIR) consists of
the broad band of electromagnetic radiation
havmg frequenc1es less than approximate. 5y
X 10*° Hz, i.e., from about 3 to 3 X 10E!
or, expressed dlfferently, havmg wave 1engths
in the range 10 ES to 10 E'm (see Figure
5.7.3.1.1-1). 1In actuality, the dividing line
between ionizing and non-ionizing radiation
has been somewhat arbitrary, but the current
definition sets electromagnetic rachauon with
energy of 12 ev (frequency of about 385 Hz)
as the upper limit of non- ionizing radiation.
(As seen in Figure 5.7.3.1.1-1, this means that
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Figure 5.7.3.1.1-1. The Electromagnetic Spectrum

the far end of the ultraviolet spectrum is to be
classified as ionizing.)

While the precise identification of the
transition point from non-ionizing to ionizing
radiation is not crucial, it is clear that the main
biological effect of non-ionizing radiation is
the production of heat within tissue. How-
ever, for ultraviolet radiation (in addition to
thermal reactions) other biological effects can
occur as a result of chemical changes and
electronic excitations, inducing effects such as
skin erythema, eye inflammation
{photokeratoconjunctivitis), and skin cancer.
Similarly, visible radiation can also produce
nonthermal transient effects to the eye (iritis,
eye fatigue, etc.).

For purposes of health protection, electromag-
netic NIR can be divided into a number of
wavelength or frequency ranges:
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a. Optical radiation, encompassing radia-
tion w1th wavelengths over the range of
10E7 to 10E> m. Optical radiation is fur-
ther divided into three parts:

1. Ultraviolet radiation (UV), w1th
wavelengths between 4 X 10E”
10E m (100 - 400 nm).

2. Visible radiation,} with wavelengt
between4 X 10 E ' t0 76 X 10 E
(400 - 760 nm).

3. Infrared radiation (IR), w1th
wavelengths between 7.6 X10E” to 1
X10E m (760 nm - 1 mm).c. Galactic
Cosmic Radiation - Similar to the
Radiofrequency radiation (RF), in-
cluding microwaves (MW), having fre-
quencies in the range of 300 to 3E11
Hz (300 Hz - 300 GHz) corresponding
to wavelengths in the range of 1E3 km
to 1 mm.

MSis-114
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¢. Extremely Low Frequency (ELF) fields
with frequencies less than 300 Hz, in prac-
tice mainly power frequencies of 50 to 60
Hz.

This is not the only breakdown available
and, in practice, various other classifications
are used according to particular needs. In
addition, NIR also includes pressure waves
such as ultrasound and infrasound, which are
on either side of the audible frequency range
(20 Hz to 20 kHz), and electrostatic and mag-
netostatic fields,

The field of non-ionizing radiation has
been marked by the use of different ter-
minologies and protection concepts that vary
significantly between the different types of
radiation and their applications. The develop-
ment of regulations and standards for NIR has
been hampered by the lack of uniformity in
terminology, quantities, units, etc. However,
in terms of applicability to space modules,
some parts of the NIR spectrum will pose
particular problems requiring design con-
siderations while other parts of the spectrum
will not.

5.7.3.1.2 Sources of Non-Ionizing
Radiation
{A}

Humans in space modules will be subject
to non-ionizing radiation emitted from two
different kinds of sources, those occurring
naturally in space and those emanating from
man- made equipment onboard the space
module. The naturally occurring space radia-
tion is comprised of electromagnetic radiation
as well as charged particles. The electromag-
netic component of space radiation may be
categorized into four main sources:

a. Continuous Solar Emissions - The Sun
emits a very broad spectrum of
electromagnetic radiation. Of particular
interest is the optical radiation band,
which approximately resembles a black-
body spectrum based on a temperature of
5900 K (see Figure 5.7.3.1.2-1). This
spectrum is peaked in the visible region
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(approximately 550 nm) and rapidly in-
creases in intensity from the far UV (ap-
proximately 100 nm) to the visible
(approximately 400 nm). The unique
aspect of the UV environment in space
compared to that on the Earth’s surface is
the lack of shielding against the solar ir-
radiation provided by the Earth’s ozone
layer in the atmosphere.

Electromagnetic radiation in the radiofre-
quency range is also emitted but is of low
intensity. Radioflux is typically measured
and recorded on Earth at 2800 MHz.

b. Solar Flare Events - Electromagnetic
radiation over the optical and radiofre-
quency wavelengths is emitted by the Sun
during solar flares for short periods of
time.

This electromagnetic radiation may even
be emitted by small flares that do not
produce solar cosmic rays {see Paragraph
5.7.2.1.2). The different radiofrequency
waves are generated at different altitudes
in the solar atmosphere (e.g., microwave
bursts are produced in the lower part of
the corona). These radicfrequency bursts
are still not a problem in terms of direct
blologlcal effects on the crew. (Flux units
are 10 £ W/m2 Hz and a peak mag
produce up to 10 E’ flux units [10 E’
W/m2] but may affect them indirectly by
interfering with onboard electrical equip-
ment communications, instrumentation,
etc). For optical radiation, the increased
intensity in the visible and UV range would
be dealt with as an upper bound to the
radiation from the continuous solar emis-
sions.

e case of solar emissions, non-ionizing
electromagnetic radiation produced by
astronomical sources outside the solar sys-
tem reach the Earth but are of such low
intensity that they do not pose a problem
in terms of their biological effects.
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d. Sources of Magnetic Fields - The mag-
netic fields associated with various objects
within the solar system vary over many
orders of magnitude. At the center of
sunspots, magnetic fields a thousand
times that of Earth are to be found, al-
though the magnetic field on the undis-
turbed surface of the Sun is 1% of that.
The moon, stars, and Venus have magnetic
fields between 1% and 10% of that of
Earth, whereas Jupiter’s magnetic field is
1000 times that of Earth.

e. Onboard Radiation Sources - Equip-
ment-generated sources of non-ionizing
radiation exist onboard the spacecraft in
various forms and fall into the following
general types.

1. Communication equipment (radar,
radio, and microwave transmitters,
receivers, antennas, and related
equipment).

2. Lasers.

3. Lamps (UV, visible and IR).

4. Electronic equipment.

5. Welding equipment (when in use).

6. Electric power, power-conditioning
and distribution equipment.

7. Miscellaneous.

5.7.3.1.3 Human Responses to
Non-Ionizing Radiation
{A}

As indicated in Paragraph 5.7.3.1.1, for
each main type of non-ionizing radiation,
protection concepts have varied significantly.
Thus, the human responses will be dealt with
separately, first for radiofrequency radiation
and then for optical radiation.
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a. Radiofrequency Radiation - A large
body of literature has been developed in-
dicating the adverse biological effects of
radiofrequency electromagnetic radiation
on both humans and animals. A typical
tabulation of some of these effects is
shown in Figure 5.7.3.1.3-1,

For human exposure to electromagnetic
energy at radiofrequencies from 300 kHz to
100 GHz, two standards groups have recently
reviewed the literature on the biological ef-
fects of electromagnetic radiation and issued
RF exposure limits.

The American National Standards In-
stitute (ANSI) screened only those reports that
produced positive findings, were
reproducible, and supplied adequate
dosimetric information. Behavior in ex-
perimental animals was found to be the most
sensitive indicator of an adverse health effect
(e.g., convulsions, work stoppage, etc.).
Based on the review, ANSI concluded that
acute (less than 1 hour) exposure to
electromagnetic radiation deposited in the
whole body at an average specific absorption
rate (SAR) of less than 4 W/kg (0.1 BTU/1Ib-
min) does not produce an adverse health ef-
fect in animals. However, because prolonged
exposure (days and weeks) may cause
damage, a safety factor of 10 was introduced
reducing the permissible SAR to 0.4 W/kg
(0.01 BTU/Ib-min). Based on SAR, ANSI
developed radiofrequency protection guides
(RFPG) in terms of mean squared electric (E2)
and magnetic (H2) field strengths and the
equivalent plane wave power densities which
should not be exceeded. The American Con-
ference of Governmental Industrial Hygienists
ACGIH) has adopted the ANSI limits as their
threshold limit values (TLVs).

The International Non-Ionizing Radiation
Committee (INIRC) of the International
Radiation Protection Association (IRPA)
reviewed the body of information on the
biological effects of electromagnetic radiation
more recently than ANSI. They used the same
basic limit of the SAR, 0.4 W/kg (0.01 BTU/1b-
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Response

Human responsa and description

Perception of heat

Pain threshold

Cataracts

Reproductive detriment

Testas

Ovaries

Visceral effacts
Gastric ulcers
Delay of gastric secretion and emptying

Hematopoietic etfects ~— Leukocytosis,
lymphocytopenia, eosinopenia, red blood
cell Ifespan alteration, impaired bone
marrow function, hemoglobin decreases,
platelet decrease, reticulocytosis, etc.

Cardiovascular effects — Blood flow changes,
blood pressure decreasa, heart rate
increase, etc.

Central narvous system — Agitation,
drowsiness, muscular weakness,
electroencephalogram changes,
avoidance behavior, attered conditioned
response, decreased sndurance,
headachs, efc.

13 10 59 mW/em2 for 4 sec at 3000 and 10,000 MHz
(observations in humans).

1800 mW/em? for 60 sec at 3000 MHz (observations in humans).

Lens clouding when tamparature of lens increases by 4°K (4°C).
Accumulation of subclinical damaga at low powsr densities for shont
duratians may vield cataracts. Evidence still equivocal.

Intrascrotal temperatures rise of > 1°K (> 1°C) by i radiation or any
other means reduces viable sparm count; this effect is usually
reversible. Exposure to 2680 MHz at 5 mW/emZfor an indefinite
period is the "threshold® for evidenca of testicular damage in the
most sensitiva dog out of 35 dogs tested. Exposure ta 3000 MHz
a1 8 mW/emedid not effect mating of mice or rats.

No evidance that exposura to 10 mWiem@or even somewhat
greater interfare with reproduction in fernale mice.

> 100 m"«f‘-"lcm2 for z 10 min.
0.05 to 1 mW/em&for 30 min. Reversibla

Geanerally, long exposures to > 10 mW/em@are raquirad 10 yield
an effect. Effects are genetally reversible.

Effects generally attributable to paripharal vasodilation and
hemodilution in response to heat stress.

Large number of studies; some with cccupationally exposed
humans; soma conflicting results. Eastern Europeans claim
effects < 10 mWIcma; investigators in Western countries
have not always observed these aflects even at higher
axposura levels, This is the area of greatest controversy.

Reference: 289, Table 44

Figure 5.7.3.1.3-1. Some Biclogical Responses to Radiofrequency Radiation
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min) for frequencies of 10 MHz and greater to
obtain derived limits. Their derived occupa-
tional exposure limits were based on an SAR
0f 0.4 W/kg (0.01 BTU/1b-min) averaged over
the whole body for six minutes or an SAR of 4
W/kg (0.1 BTU/lb-min) averaged over 1 gm
(.04 oz) of tssue for six minutes.

A limited and generalized tabulation of
the effects of RF radiation on humans is
presented in Figure 5.7.3.1.3-2, whichis based
on the IRPA guidelines.

b. Optical Radiation {Lasers) - The biologi-
cal effects induced by optical radiation are
essentially the same for coherent sources
(lasers) and incoherent sources for any
given wavelength, exposure area, and
duration. However, there is a necessity to
treat lasers as a special case because very
few conventional optical sources can ap-
proach the radiant intensities and ir-
radiances achieved by lasers.
Furthermore, because much of the early
data on biological effects were developed
using conventional optical sources, with
emission of radiation over a broad band of
wavelengths, these data are not directly
applicable to the highly monochromatic
emissions of lasers. The degree of uncer-
tainty in relating biological thresholds
derived from broadband and
monochromatic sources has frequently led
to the use of safety factors in the exposure
limits (EL) for lasers, particularly in the
case of UV lasers.

The eye and skin are critical organs for
laser radiation exposure. The type of effect,
injury thresholds, and damage mechanisms
vary significantly with wavelength. In addi-
tion, the consequences of overexposure of the
eye are generally more serious than that of the
skin. Consequently, safety standards have
emphasized protection of the eye. The main
adverse human responses are Erythema (skin
reddening), Photokeratitis (inflammation of
the cornea), conjunctivitis, and retinal
damage (see Figure 5.7.3.1.3-3).
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(Refer to Reference 303 for detailed dis-
cussions of the specific biological damage
mechanisms due to laser exposure.)

Exposure limits have been set by various
standards organizations for the control of
coherent optical radiation from lasers. Al-
though these ELs have been developed for
terrestrial applications, limits very similar to
these would be expected to be set for the
protection of astronauts in space.

The ELs for lasers are more complex than
those for incoherent optical radiation because
a number of different parameters have to be
specified.

(A summary of these ELs is given in Para-
graph 5.7.3.2.1, For additional details, Refer-
ences 303 or 305 should be consulted.)

Regarding laser safety for the eye, it is
important to distinguish between a "point
source" and an "extended source". Although
exact geometrical definitions are not possible,
ELs for "extended sources" apply to sources
that subtend a visual angle greater than a
limiting angle termed "alpha minimum".
"Alpha minimum" is the minimum viewing
angle measured at the eye that is subtended
by an extended source and is defined in terms
of the range (laser to target), laser beam
diameter at range, and the viewing angle (be-
tween range and viewing range {(eye to tar-
get). Values of "alpha minimum" vary with
exposure duration and wavelength and are
given (in milliradians) for two spectral bands
in Figure 5.7.3.2.1-3. The ELs for "extended
sources" are given in units of radiance
(W/m?sr) and integrated radiance (J/m?sr).
For point sources the umts are different,
namely irradiance (W/m )} and radiant ex-
posure (J/mz)

¢, Optical Radiation - Incoherent
Ultraviolet Light - Life has evolved under
the daily exposure to solar radiaton. Al-
though UVR is only about 5% of the sun-
light that reaches the Earth’s surface, it has
sufficient energy to initiate biological ef-
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RF frequency

Human aelfect

<30 MHz

30 MHz - 400 MHz

400 MHz - 3000 MHz

> 3000 MHz

Subresonance range. Surface absorption dominates for the trunk, but not for the neck and
legs, and the enargy absorption decreases rapidly with frequancy.

Rasonance range for the whole body {up to 300 MHz) and, when considering resonances in
the head, up lo 400 MHz. High absorption cross sections are possible due to the resonance.

"Hot spot” frequency range over which significantly localized energy absorption can be
expactad at incident power densities of about 100 W/me (10 lecmz). Tha size of the hot
spots range from several centimteters at $15 MHz to 1-2 centimeters at 3000 MHz. Hot
spots are caused by resonances at the lowar frequencies and by quasiopiteal focusing of the
incident fields at the higher frequencies. For the human head the hot spot range extends
from 300-2000 MHz,

Surface absorption range

Reference: 302, Appendix 1

Figure 5.7.3.1.3-2. Absorption Characteristics of Radiofrequency Radiation in the Human Body

200 to 315 nm, far uitraviolet

Injury due to direct
biological action

Aqueous humor
Lens

Retina

400 to 1400 nm,

visible and near

infrared
Injury

=315 to 400 nm primarily
near ultraviolet due to
heat
1400 to 1900 nm
Far infrared
1900 to 105 nm

MSIS-118

Reference: 4, Figure 6.8-1

Figure 5,.7,.3.1.3-3. Impact of Optical Radiation
on the Eye
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fects that may be injurious. The critical
organs for UVR exposure are the eye and
skin because they may be readily exposed.
The main adverse human responses are
erythema, skin cancer, photokeratocon-
junctivitis, cataracts, and retinal damage.

(Refer to Reference 304 for detailed dis-
cussion of the biological damage mechanisms
from UV light.)

Exposure limits have been established by
various standards organizations for the con-
trol of ultraviolet radiation from all incoherent
sources: solar radiation (the main one in
spacecraft), fluorescent lamps, welding and
other arcs, gas discharges, etc. The most
restrictive limits are for exposure to radiation
having wavelengths less than 315 nm. Al-
though these ELs have been developed for
terrestrial applications, limits very similar to
those would be expected to be set for the
protection of astronauts in space.

To determine the effective irradiance of a
broadband source weighted against the peak
spectral effectiveness curve (at 270 nm), the
following weighting formula should be used:
where:

Eeff = effective irradiance in W/m?
(J/s/ mz) normalized to a monochromatic
source at 270 nm

E = spectral irragiance from measure-
ments in W/nm/m

S = relative spectral effectiveness (unit-
less)

= bandwidth in nanometers of the calcula-
tion or measurement intervals.

Permissible exposure time in seconds for
exposure to actinic UVR incident upon the
unprotected skin or eye may be computed b%r
dividing 30 J/m? by the value of Eeff in W/m".
The maximal exposure duration may also be
determined using Figure 5.7.3.2.1.9, which
provides representative exposure durations
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correg,ponding to effective irradiances in
W/m orW/cm?‘.

d. Optical Radiation - Infrared - Most
biological tissue is considered opaque to
the longer wavelength IR radiation
(wavelength greater than 1500 nm) be-
cause of the essentially complete absorp-
tion of the radiation by the water within
the tissue. The primary biological
response to this longer wavelength IR is,
therefore, thermal. Short wavelength IR,
with wavelengths between 760-1500 nm,
can produce adverse biological effects
such as acute erythema, increased
vasodilation of the capillaries and in-
creased pigmentation that can be per-
manent, The interior parts of the eye (iris,
lens and retina) will also be affected by
this shorter wavelength IR, whereas the
longer wavelength IR will have a thermal
effect on the cornea. The close association
between sensation of pain and the absorp-
tion of IR radiation usually precludes
severe acute effects other than those dis-
cussed here.

5.7.3.1.4 Non-Ionizing Radiation
Protection Design Considerations
{A}

The following design considerations
should be accounted for in order to protect
crewmembers against non-ionizing radiation.

a. Radiofrequency Radiation Source Iden-
tification - All the radiofrequency systems
(radar, microwave, radio, etc.) onboard
the spacecraft should be identified,
described, and classified. This should in-
clude all equipment used to transmit and
receive signals to and from the spacecraft
as well as internal radiofrequency, and
electrostatic and magnetostatic sources.

b. Electromagnetic Leakage - For each of
the RF, electrostatic and magnetostatic
sources, the electromagnetic leakage level
(field strength, power density) at the ex-
terior of the source should be measured to
ensure that it is well within the exposure
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limit.

¢. Optical Radiation Source Identification
- All the optical radiation sources (lasers,
UV, visible, and IR lamps, welding equip-
ment, etc.) onboard the space module
should be identified, described, and clas-
sified.

d. Electromagnetic Hazards Analysis - For
all of the RF and optical radiation sources
identified, a systematic failure modes and
effects analysis (FMEA) may be performed
to ensure that all resulting hazards can be
safely handled by the crew.

e. Window Locations - In the design and
location of spacecraft windows (see Para-
graph 11.11, Windows) consideration
should be given to the protection of crew-
members against both direct and reflected
(off large solid angle surfaces with high
reflectivity in the UV range) UV radiation.

f. RF Aperture Locations - In the design
and location of electromagnetic apertures
throughout the spacecraft, consideration
should be given to the protection of the
crew against both direct, reflected, and
scattered electromagnetic radiation.

8. Use of Lasers - In using lasers, the most
effective means of hazard control is total
enclosure of the laser and all beam paths.
For conditions where such total contain-
ment is not possible, one or more of the
following measures should be used: par-
tial beam enclosure, laser eye protectors,
administrative controls, and restricted ac-
cess to beam paths.

5.7.3.2.1 Non-lonizing Radiation
Exposure Limits
(A}

The following non-ionizing radiation ex-
posure limits shall apply:

a. Radiofrequency Electromagnetic Fields
Exposure Limits - The American National
Standards Institute (ANSI) Radio Freguency
Protection Guides (RFPG) for occupational
exposire are shownin Figure 5.7.3.2.1-1 and
iHustrated in Figure 5.7.3.2.1-2.

b. Optical Laser Radiation Exposure Limits -
The following laser exposure limits [con-
tained in both the ANSI and American Con-
ference of Governmental Industrial hygienists
(ACGIH) standards] apply to continuous
lasers [for repetitively pulsed lasers, the addi-
tional stipulations given the ANSI and ACGIH
standards shall apply (Z136.1-1986, ANSI
Standard for the Safe Use of Lasers, May 23,
1986; and ACGIH Threshold Limit Values
and Biological Exposure Indices for 1987-
1988, respectively.)].

1. Determination of “Point Source” or
"Extended "Source” Laser Exposure
Criteria Applicability - Exposure limits
for "Extended Sources” shall apply to
sources thar subtend q visual angle
measured at the eye greater than the
alpha-minimums given in Figure
5.7.3.2.1-3. "Point Source" exposure
limits shall apply to sources with alpha-
minimums less than those shown.

2. Point Source Laser Eye Exposure
Limits - The eye exposure limits given in
Figure 5.7.3.2.14 shall apply to all point
source lasers.

5.7.3.2 Non-lonizing Radiation Design
Requirements
{A}

5-121



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Electromagnetic Fields*

1 2 3 4 5
Frequency Electric field  Magnetic Power Density (8 Averaging
Range Strength Field E- Field, H-Field , Time
{(MH?z) (E) Strength (H) (mW/em?2) IEl , S or IHI
(Vim) {A/m) {minutes)
0.003-01 &4 163 @00, 1 000 0003t ] 6
01-1.34 814 16.3f 100, 10 oooi2) 8 6
1.34- 30 823.84 16.34 (1802, 10 0oo 49! 2.3 6
30-30 823.8F 16.3f (18042, 10 000 4271 » 8
30-100 27.5 15874668 (0.0 940 0003336 D 0.0636 /1337
100 - 300 27.5 0.0729 02 &) 0
300 -3 000 1 500 K1)
3000-15000 £ 500 90 000/
15 000 - 300 000 10 616 000/ 2

% The exposure values in terms of electric and magnetic field strengths are th values obtained by spaiially averaging
values over an area equivalent to the vertical cross-section of the human body (projected area)

+ These plane-wave equivalent power densily values, although not appropriate for nearfield conditions, are commonly
used as a convenient comparison with MPEs at higher frequency and are displayed on some instruments in use.

Reference: 410
Figure 5.7.3.2.1-1 Occupational Exposure Limits for Radiofrequency
Electromagnetic Fields

MSISSi4
Rev. B
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Figure 5.7.3.2.1-2 OQccupational Exposure Limits for Radiofrequency
Electromagnetic Fields
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Figure 5.7.3.21-3 Alpha-minimums used to determine “Point Source™ or "Extendsd Source®™ Laser Exposures

5-124



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Wavelength, A Exposure Duration, ! Maximum Permissible Exposure Notes for Calculation
() {s) (MPE) and Measurement
Ultravioiet
0.200—0.302 10°9-3x 104 3 x107°¥).em2 \
0.303 109 -3x 10* 4 x10°%J.em™? 2
0.304 10-9 -3 x 10° 6 Xx10°35.om 2 or 0.56,1/4 T.cm™,
0.305 10-9 -3 . “2).em2 : ,
0306 109 3 108 L6 1027 om-2 whichever is lower
0.307 1079 -3 x 10% 25x10°23.cm"2
0.308 10-3 -3x 102 4,0 X 10-21 «cm -2
0.309 1077 ~3% 10 3xX10°2)1.em-2 -
0.310 10°% -3 x 104 T 10-11 . om 2 > l-mm - limiting
0.311 10-9 -3 x 10 16X 10-1J«cm-2 aperture
0.312 1079 —3 % 104 25% 10" J.om 2
0.313 10°9 -3 x 104 40%x 10" J.em-2
0.314 107 -3x 104 63x 10 1J.cm"2
0.315~0.400 109 ~10 0.5671/%5.cm-2
0.315-0.400 10 -3 x 104 17+cm 2 /
Visible and Near Infrared*
0.400-0.700 109 -1.8%x 105 5 X10"Jecm—2
0.400-0.700  1.8X 10~5-10 18134 % 10731 ¢m~-2
0.400--0.550 10-10% 1(31!4 x 10—-31 . cm“:
0.550-0.700 10-T 18134 % 10-37. ¢m~ C o
0.550-0.700 T,~104 10Cg X 10-2J - em~2 7-mm hm‘:“}.g
0.400-0.700 10%-3 x 104 Cp X 10~6W+ cm™~2 aperture
0.700-1.050 107 -1.8 x 10-$ SCaA% 1071« ¢m™2
0.700-1.050  1.8x 10-%-103 1.8Ca 134 % 10735 . om—2
1.051-1.400 10°9-5x 103 5 X10°%J.cm™?
1.051-1400 5 x 1p-5-103 934 x 10-3) . cm—2
0.700-1.400 103-3 % 102 320 Cp X 1075W. ¢m—2
Far Infrared
1.4-103 1079 ~10 7 16-2 . ¢m—?
10 7-10 0.56 1143 .cm—?

>10 0.1W. cm—2

1.54 only 1079 —10°0 103, om—2

NOTES: Cju = 1 for A = 0.400-0.700 um,
Ca = 102.0 (A - 0.700) for A = 0.700-1.050 um
Ca =5 for 2 =1.050~-1.400 um,
Cp=1for A =0.400-0.550 um,
Cp = 1015(A - 0.550) ¢4 3 = 0,550-0.700 um
Ty = 10 x 1020(A = 0.550) 51 3 = 0.550-0.700 um

Raference: 383, Table § With Updates

MSIS424
Rev. B

Figure 5.7.3.21~4 “Point Source” laser Eye Exposure Limits
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3. Extended Source Laser Eye Exposure
Limits - The eye exposure limits given in
Figure 5.7.3.2.1-5 apply to all extended
source lasers.

4. Extended Source Laser Skin Exposure
Limits - The skin exposure limits shown in
Figure 5.7 3.2.1-6 shall apply to all ex-
tended source lasers.

5. Exposure Limits for Commonly Avail-
able Types of Lasers - The eye and skin
laser exposure limits for specific types of
lasers shown in Figure 5.7.3.2.1-7 shall
apply (these limits are derived from the
limits given in the above figures).

c. Incoherent Ultraviolet Optical Radiation
Exposure Limits

1. Determination of Combined Con-
tinuwous and Pulsed UV Exposure Average
- The irradiance from continuous ex-
posure and radiant exposure for time-
limited or pulsed exposures to the eye or
skin shall be averaged over the area of a
circular measurement aperture of less
than 1 mm (0.03937 in.) diameter.

2. UV-A Spectrum (315-400 nm) Radia-
tion Exposure Limits - The total ir-
radiance incident upon unprotected skin
shall be less than 10 Wim* (0.053
BTU/frz—min.) for periods of exposure
longer than 1000 seconds. For exposure
times less than 1000 seconds, radiant ex-
posure shall be less than 1 chm2 (0.006
BTU/in®).

3. Actinic UV Spectrum (180-315 nm)
Radiation Exposure Limits - (The follow-
ing UV exposure limits are contained in
both ACGIH and IRPA standards). The
limits for radiant exposure incident upon
the unprotected skin or eye within the
8-hour period are given in Figure
573218,
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The maximum exposure durations to
broadband actinic UV sources are given
in Figure 5.7.3.2.1-9 (see Paragraph
5.7.3.1.3.¢c for the formula to be used to
derive the effective irradiance).

4. Broad-Band Optical Sources - The
spectral weighting functions listed in Fig-
ure 5.7.3.2.1-10 shail apply in determin-
ing broad-band optical exposure limits.
(See ACGIH for formulae needed to cal-
culate exposure times),

5.7.3.2.2 Non-lonizing Radiation
Protection Design Requirements
(A}

The following design requirements shall be
implemented to protect crewmembers against
non-ionizing radiation:

a. Safety Guidelines - Systems employing
lasers will be designed and operated in ac-
cordance with the ANSI Standard Z136.1 -
1986 except where the unique environment or
mission requirements clearly makes it un-
reasonable to do so. The hazard analysis for
a systemwill specifically address any instance
where it does not meet the standard.

b. RF and Optical Radiation Monitoring -
Based on the identified sources of RF and
optical radiation, monitoring and warning
systems shall be provided consistent with the
potential hazard from each source.

¢. Procedures for RF and Optical Sources -
Procedures for the safe operation of RF and
optical radiation sources shall be provided.
Based on the mission plans, the possibility of
providing automatic power shutofffor the haz-
ardous RF and optical radiation equipment
shall be considered.

d. Protective Measures - Procedures and
equipment shall be provided to enable positive
protective measures to be taken to prevent
accidental exposures from RF and optical
radiation.
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Wavelength, A

Exposure Duration, ¢

Maximum Permissible Exposure

Notes for Calculation

(um) (s) (MPE) and Measurement
Ultraviolet
0.200-0,302 10°9-3x 104 3 X1073J.cm™?
0.303 10-9_-3x 10% 4 x10-3j.¢m2 or 0.5671/4 1 + cm=2,
0.304 1079 -3x 104 6 %X10~3J.cm~2 whichever is lower
0.305 10-%-3 x 104 1.0%x 1021 . cm™2
0.306 10-9-3x 104 1.6 X 1072 ]+ ¢m=2
0.307 10-2-3x 104 25%X 102 ). cm™2
0.308 10-9-3x 104 40X 10-23.cm2
0.309 10-9 -3 % 104 63%10°2J . cm—? -
0310 109-3x 104 1.0x 107! J . om~2 tmm limiting aperture
0.311 10-9-3x 104 16X 1071 ) e em—2
0.312 10-9 -3 x 104 2.5 % 10~ 7. o2
0.313 1079 -3 x 104 40% 1071 1. cm~2
0.314 109 -3x 104 63%x 101 .cm2
0.315-0.400 10-9-10 0.56 t1/% 34 gm=2
0.315-0.400 10 -3x 104 1J+.c¢m™2
Visible*
0.400-0.700 10-9-10 107183 1. cm=2. o1 I'mm limiting apeTture or amgp,
0.400-0.550 10104 21Jecm™2. g—! whichever is greater
0.550-0.700 10-7, 383138 Jeem—2 . g—!
0.550-0.700 Ti-10* 21Cg - cm=t .ot
0.400-0.700 109-3x 10% 2.1Cp 10-§w- em=2 « g1
Near Infrared*
0.700-1.400 107710 10CA 13 5. o2 . g1
0.700- 1.400 10-103 383CA 1M 10 cm-2 - g1
0.700-1.400 103-3x 10° 0.64 CAWe cm=2 . gr—?
Far Infrared
1.4—103 10°9 —10~7 1072 - cm—2
10-7-10 0.56 1% 3. cm—2

>10 0.1W+ cm—2

1.54 only 10-% - 10—¢ 1.0 3+ cm?

NOTES: Cgx =1 fora =0.400-0.700 um,

Reference:

Ca = 1030 (A - 0.700) for 5 = 0.700-1.050 um

Cp =5 fora=1.051-1.400 um,

Cp = 1 for A = 0.400-0.550 um,

Cp = 10152 = 0.550) 5o ) =, 550-0.700 ym

Ty = 10 x 1020(x - 0.550) g1 ) = 0,550-0.700 pm

383, Table 6
Figure 5.7.3.2.1-5
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_ Maximum
Wavelength, Exposure Duration, ¢  Permissible Exposure Notes for Calculation
(pm) {s) {(MPE and Measurement
Ultraviolet
0.200-0.302 10-% ~3x 10* 3 X107 yoom™?
0.303 10-9 —3 % 104 4 X103 J.om2
0.304 109 -3 x 10¢ 6 X103 Joem2 or 0.56:3/% 3. com2
0.305 1079 =3 x 104 10X 1072 Jvom-2 whichever is lower
0.306 10-9 -3 x 10% 1.6x% 1072 J+ cm2
0.307 109 -3 % 10* 25%10°2 J ¢ om-2
0.308 w-z-sxw: 40xm“§ Joem2
0.309 10-9 -3 % 10 63x 102 J.cm-2 L
0310 109 -3 x 10* 10X 107 J+om-2 bmm limiting aperture
0.311 1079 -3 x 104 16X 1071 §+om-2
0.312 10-% -3 % 10* 25x107! Jeem2
0.313 109 -3x 104 40x 107 yuem-2
0.314 10-9-3x 104 63X107 Joom-2
0.315-0,400 10-9-10 0.56 1447 . ¢cm-2
0.315--0.400 10-10° 11+ cm2
0.315-0.400 10°.3x% 10 t %1073 Weem2
X%‘%lﬂ am(i) Near Infrared s 7 3 )
400-1,400 107210 2 .em L
107-10 21‘_:1 g‘;‘ﬁqu,gg 2 tmm limiting aperture
10-3x 104 02CAWe-om-
Far Infrared L
1.4-103 109107 102 Jeom2 lmm limiting aperture for
10-7-10 05611y om-2 14 to 00 pm
=10 0.1W. om 2 Ibmm limiting aperture for
; _ 1 to I mm
154 only 107 o 10°8 1,0 J em2 0I'to I m
=)
Reference: 383, Table 7 ‘é-‘;m
With Updates 5w
L'H]
py

Figure 5.7.321-68 Maximum Permissive Exposure (MPE] for Skin Exposure

to a

Laser Beam
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Wazr;ilirg{h Exposure Limit
Laser Type tnm) Eye Skin
Helium-Cadmium 441.6 a) 2.5 mW em ifor0.25s . 0.2 W -em™?
Argon 488/514.5 b) 10 mJ) -cm?for 10 10410 s fori>10s
| ¢) ) W -em™ fort>107s
2
fum- 6328 al 2.5 mW - em™ for 015 s
Heffun-Neon b) 10mJ)- cm-2for 10s 02 W cm™?
<) 170m) - em™ fort > 353 s
d) 17 uW~cm'2fort>\04s for1>10+
22
647 a) 2.5 mW cm  for0.25s
frypton by 10mJ - cem~%for 10's 0.2 W-cm™?
¢} 20mJ- em’ for 1>871' s
d) 28 yW - cm” for t>10%s for t>10s
Neodymium: YAG 1.064 1.6 mW cm~2fort > 1000 s 10W- cm'z
Gallium-Arsenide 905 0.8 mW - em™ for 1 > 1000 s .5 W-cem”
at room temp for1>10s
4 -2
—_— , 335 i J-em™2for 10103 x 10%s a) 1J em™“for
Helium-Cadmium 1010 1000 s
. 3371 b) 1 mW - em™2for
Nitrogen > 1000 s
Carbon-dioxide 10,600 0.0 W -em2for1>105 0.1 W-cm™?for

(and other lasers

1.4 pym to 1000 pm)

t>10s

S
-

Reference: 383, Table A3
fFigure 5.7.3.21-7 Intrabeam MPE for the Eye and Skin for Selected CW Lasers
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Relative
Spectral
wWavelength TLV, Effectiveness
(nm} (mI/cm”™) S
200 100 0.03
210 40 0.075
220 25 0.12
230 16 G.19
240 10 0.30
250 7.0 0.43
254 6.0 0.5
260 4.6 0.65
270 3.0 1.0
280 3.4 0.88
290 4.7 0.64
300 10 0.30
305 50 0.06
310 200 0.015
315 1000 0.003
o
* See Laser TLVs. $<
0.
Reference: 385, page 106-107 gé

figure 5.7.3.2.1-8 ILV's for Radiant fxposure of Actinic
UV upon Unprotected Skin or Eye

See following page for applicable notes

Duration of Exposure Effective Irrad%ance,
Per Day E. (BW/cm™)
8 hrs N 0.1
4 hrs...ve.. C et e e e e 0.2
2 Ars.eeeeoneeees se s aeaa s aen 0.4
1 hresooean e Cee e 0.8
30 MiNe e vusrsororonrsnnness 1.7
16 min.. e evieonoas e . 3.3
10 min..... e a e . . 5
5 Min..ervsvervsnsas veaer e 10
1 min. .o ettt 50
30 SEC.+ v aess . e e 100
10 SEC. v eveannns . Cesaas 300
1 B@C. e cvenenencsns RN 5,000
0.5 BECereernsncnsonnnonsas 6,000
0.1 SBC.evvsnvenne et e e 30,000
Reference: 385, page 106-107 §<
ﬂ .
Figure 5.7.3.2.1-9 Permissible Ultraviolet Exposures SE

Sos following page for appllcable notes
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Notes for Figures 5. 7‘.)‘3.2.1—8 TEV's for Radiant Exposure of Actinic UV upon Unprotectsd Skin or Eye
an

5.7.3.2.1-9 Permissable Uftraviolst Exposures

ULTRAVIOLET RADIATION

These Threshold Limit Values (TLVs) refer to ultraviolet radiaton in the spectral region between 200 and 400
nm and represent conditions under which it is believed that nearly all workers may be repeatedly exposed without
adverse effect. These values for exposure of the eye or the skin apply to ultraviolet radiation from arcs, gas and
vapor discharges, fluorescent and incandescent sources, and solar radiation, but do not apply to ultraviolet lasers.*
These values do not apply to ultraviolet radiaon exposure of photosenitive individuals or of individuals
concomitantly exposed to photosensitizing agents,  These values should be used as guides in the control of
exposure to continuous sources where the exposure duration shall not be less than 0.1 sec,

These values should be used as guides in the control of exposure to ultraviolet sources and should not be regarded
as a fine line between safe and dangerous levels.

Recommended Values:

The threshold limit value for occupational exposure to ultraviolet radiation incident upon skin or eye where
irradiance values are known and exposure dme is controlled are as follows:

1. For the near ultraviolet spectral region (320 to 400 nm) total irradiance incident upon the unprotected skin or
eye should not exceed ) n%W/cmZ for periods greater than 10° seconds (epproximately 16 minutes) and for
exposure times less than 10° seconds should not exceed one J/em®.

2. For the actinic ultraviolet spectral region (200-315 nm), radiant exposure incident upon the unprotected skin
or eye should not exceed the values given in Figure 5.7.3,2.1-8 within an 8-hour period,

3. To determine the effective irradiance of a broadband source weighted against the peak of the spectral
effectiveness curve (270 nmy), the following welghting formula should be used:

Boff =LE)Sa8 )
Where:
Eeft = effective iiradiance relative to a monochromatic source at 270 nm in W/cm2 (I/s/cmz)
E, = spectral irtadiance in W/em?¥/nm
Sa= relative spectral effectiveness (unitless)

Ay= band width in nanometers

4, Permissible exposure time in seconds for exposure to actinic ultraviolet radiation incident upon the unprotected
skin or eye may be computed by dividing 0.003 J/em® by Begf in Wiem?,

*See Laser Exposure Limits
Referencer 3B5

MSIS431
Rev. B
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Blue-Light Burn Hazard
Wavelength Hazard-Function Function
(nm) B, R,
400 0.10 1.0
405 0.20 2.0
410 0.40 4.0
415 0.80 8.0
420 0.90 9.0
425 0.95 9.5
430 0.98 9.8
435 1.0 10.0
440 1.0 10.0
445 0.97 9.7
450 0.94 9.4
455 0.90 9.0
460 0.80 8.0
465 0.70 7.0
470 0.62 6.2
475 0.55 5.5
480 0.45 4.5
485 0.40 4.0
490 0.22 2.2
495 0.16 1.6
500-600 10 [(450-2)/501 1.0
600-700 0.001 1.0
700-1050 NA* 101(700-4)/5001
1050-1400 NA 0.2
NA = Not applicable. §“‘
Reference: 385, page 111 % ;:Q

Figure 5.7.3.2.1-10 Spectral Weighting functions for
Assessing Retinal Hazards from
Broad-Band Optical Sources
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e. Personnel Protection Devices - Based on
the safety guidelines and the resuits of the
electromagnetic hazards analysis (see Para-
graph 5.7 .3.1.4), personnel protective device
requirements (eyewear, clothing) shall be es-
tablished and the requisite personnel equip-
ment shall be provided.

5.8 THERMAL ENVIRONMENT
{A}

5.8.1 Introduction
{A}

This section provides design considera-
tions and requirements for temperature,
humidity, and airflow conditions that in-
fluence crew comfort. This includes descrip-
tions of ambient conditions, body
temperature, self-regulation, heat stress, cold
stress, and ventilation. Monitoring and con-
trol of the thermal environment are also in-
cluded.

Refer to Paragraph 6.5, Touch Tempera-
ture, for surface temperature design con-
siderations and requirements.)

5.8.2 Thermal Environment
Design Considerations
{A}

The productivity of the crew of a space
module is strongly influenced by their comfort
and health. The thermal environment is one
of the most significant factors of those that
determine crew comfort.

Human life can be maintained in extreme
environments ranging from Arctic cold to
equatorial heat. The critical variable for sur-
vival is exposure time, which, for example,
may range from seconds for third degree
burns to days for fatal dehydration in desert
heat. Thermal effects can be moderated by
properly chosen clothing. Differences be-
tween individuals in response to thermal ex-
tremes are pronounced, largely due to
variations in the length of adaptive period,
called "acclimatization". Selection and train-
ing can influence response to any particular
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environment/activity/ clothing combination.

The cabin heating, circulation, and cooling
systems need to be designed to maintain
human comfort by controlling the atmos-
pheric parameters of gas temperature,
velocity, pressure, and humidity. Radiant
heat sources must be identified and their im-
pact on comfort assessed and controlled. The
combined effects of these factors in conjunc-
tion with metabolic level and clothing worn by
the crew (factors that affect skin temperature
and sweat rate) largely determine comfort
level. Thermal comfort definitions are dis-
cussed in Paragraph 5.8.2.2.

For many years, physiologists have sought
to model the thermal environment as a single
equation written as a combination of two or
more factors that would accurately describe
the thermal stress on humans. Frequently
used thermal environmental indices include
the following:

a. Dry Bulb (DB} Temperature - This is the
temperature of the bulk of the air in a
given environment as measured by an or-
dinary thermometric method.

b. Wet Bulb (WB) Temperature - This is
the dynamic equilibrium temperature at-
tained by a water surface when exposed to
air under adiabatic conditions (i.e., no
gain or loss of heat by the surroundings),
so that the sensible heat transferred from
the gas to the liquid is equal to the latent
heat carried away by evaporation of water
vapor into the gas.

c. Wet/Dry (WD) Index - This is defined
by the equation WD - 0.85WB + 0.15DB,
where either degrees F or degrees C can
be used. In the absence of radiant heat
and no air movement, WD is an excellent
predictor of conditions stressful to
humans, especially in environments
having relative humidity over 50%. The
WD index has often been used as a
measure of heat tolerance time,
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d. Effective Temperature (ET) - This is an
empirical sensory index that takes into
account the effects of temperature,
humidity, and air movement. It is a func-
tion of DB, WB, and air velocity, as shown
in Figure 5.8.2-1.

e. Globe Temperature (GT) and Wet Bulb
Globe Temperature (WBGT) - The globe
temperature is determined by placing a
thermometer or temperature sensor in the
center of a sphere 10-15cm (3.9-5.9in)
in diameter. The sphere is constructed of
thin metal, blackened for high absorptivity
over the solar and infrared spectrum. The
temperature inside the globe is a physical
composite of DB, radiation, and convec-
tion. The GT becomes truly predicative
over a wide range of environments when
weighted with wet and dry bulb tempera-
ture as follows:

WGBT = 0.7WB + 0.2DB, either degrees
F or degrees C.

This index is easy and inexpensive to
determine and is usable over a wide range
of indoor and ocutdoor temperatures.

f. Mean Radiant Temperature (Tmr) - In
relation to a given human placed at a given
point with a given body position and given
clothing, the Tmrt is defined as the
uniform temperature of a black enclosure
which would give the same heat loss by
radiation from the enclosure as from the
human.

g. Predicted Four-Hour Sweat Rate
(PASR) - This is determined from empiri-
cal nomograms incorporating environ-
mental factors, work rate, and clothing, as
shown in Figure 5.8.2.2. It is recom-
mended that the P4SR not be used for
predicting sweat rate, but, rather, be used
for comparing environments in terms of
thermal stress. The limitations of this
nomogram are chiefly those of a narrow
range of activity, limited clothing
parameters, and the fact that the subjects
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used to generate the data were all ac-
climatized to the heat environment.

h. Insulation Value of Clothing (I;1) - This
is a dimensionless expression for the total
heat transfer resistance from skin to the
outer surface of the clothed body. Icl is
defined by,

L1 - (Rc1/0.18) (Clo)

where Rl = the total heat transfer resis-
tance from skin to the outer surface of the
clothed body measured in m?-hr-°C/keal
(ft>-hr-°F/BTU). Clo is defined in Figure
5.8.2-3.

See Figure 5.8.2-4 and 5.8.2-5 for infor-
mation to determine total body surface and
total body heat radiation area respectively
based on height and weight.

Air velocity and activity level are two
other principal variables associated with ther-
mal comfort.

5.8.2.1 Mission Thermal Environ-
ment Design Considerations
{A)

Certain mission phases will require spe-
cial provisions in order to maintain crew ther-
mal comfort:

a. Prelaunch - While loading the
spacecraft, the cabin may be exposed to
the ambient thermal environment, and
maintaining strict thermal control may not
be necessary or feasible,

b. Launch - The cabin atmosphere
parameters of pressure, composition, air
velocity, temperature, and humidity must
be automatically maintained within
specified limits.

¢. Long Flights - Discomfort will tend to
be more of a problem as mission length
increases. The activities expected will
likely be more varied and include a variety
of levels of physical activity, including
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Velocity of ajr,
m/sec (ft/min)

Dry-buib temperature

10
110
0 0 10 e
C
)
F 30 40 50 60 70 110

Wet-bulb tempaerature
Reference: 9, Figure 6-7, page 6-13

Applicability:

Applicable to inhabitants of the United States under the following conditions: 1} Clothing: Customary
indoor clothing; 2) Activity: Sedentary or light muscular work; 3} Heating methods: Convection type.

Example of the use of the chart:

Given dry bulb temperature of 76°F, wet bulb temperature of 82°F, velocity of air 100 fpm, determine:
1) effective temperature (ET) of the condition; 2} ET with still air; 3} cooling produced by the move-
ment of the air; 4} welocity necessary to produce the condition of 66°F ET.

Solution:

1) Draw line A-B through given dry and wet bulb temperatures. Its intersection with the 100 fpm curve
gives 69°F for the ET of the condition. 2} Follow lina A-B 1o the right to its intersection with the 20
fom veiocity line, and read 70.4°F for the ET for this velocity or so-called still air. 3) The cooling
produced by the movement of the air is 70.4 - 69.0 = 1.4°F ET. 4} Follow line A-B to the left until it
crosses the B6°F ET tine, Interpolate velocity value of 340 fpm to which the movement of the air must
be increased for maximum comfort.

Figure 5.8.2-1, Thermometric Chart
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10 #t/min = W.B. 6

50 100 150 200 50
Metabolic rate,
Cimehe

Air velocity, ft/min
30

27 // \ ~
10.75

80 {300\ 75

500 200

Air velocity, ft/min
Reference: 9, Figure 6-76, page 6-94

MS}S-129

REV. A

Figure 5.8.2-2. Nomograph for the Prediction of 4-hour Sweat Loss (P4SR}
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Characteristic Matric Units English Units
Whole Body Data
Waight 68-72kg 150 - 160 bs
Height 170 em 68-69in
Total body surface 1.8m?2 19512
area
Volume 0.07m3 °C 2513
Specific heat 0.8 caligm- °C 0.8Btub -°F
Heat capacity 578cal °C 128 Btu/ °F
{using 160 [b man}
Body temperature 37 °C 98.6+05 °F
{rectal)
Body surface temp. 33-34 C 80-93 o
Body and clothing 28 °C 822 °F
surface temparature
(ave. - 1 Clo)
Body temparature 35.6 og 96.1 °F
{2731+ 1/31g)
Body percent water 70% 70%
Skin Characteristics
Weight 4.0%g 8.8lbs
Surface area 1.8 me 19.5#2
Volume 3.6 liters 3.7 quans
Water content 70-75% 70-75%
Spacific gravity 141 1.1
Thickness 0.5 mm (eyelids) 0.02100.2in
1o 5 mm (back)
Heat production 13% (body's 13%
metabolic heat
prod.)
Conductance 9 - 30 kg CaVm2-
hr- of
Thermal 01.5+03) 1073
conductivity {K) callcm-sec- °C

at23-25 ‘[ ambient

MSIS-130a
REV. A

figure 5.8.2-3 Physiological and Thermal Characteristics of An Average Man
(Cont.}
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Characteristic Metric units English units
Diffusivity 7 x 10-4 cm2/sec
W, C surface layer
p Cp) B8 mm e
Thermal inertia 80 - 400 x 10~5
(Wp Cp) cal2/emd-sec- °C2
Heat capacity (Cp) O0.8calgm ¢C 08btub °F
Emissivity (infrared) -0.99
Skin and clothing -0.94
Reflectance Max. 0.5 = 1,1
{wave length Min. 0.3 and 1.2p
dependent)
Transmittanca Max. 1.2,1.7,2.2,
{wave langth 6, 11
dependent) Min. 0.5, 1.4,1.9,
3,7, 12u
Tarm Definition
Clo Insulation value of that quantity of clothing

that will maintain comfortabte tharmal
aquifibrium in a man sitting at rest in

an environmentof: (a) 70 °F airand wall
tamparature, (b) less than 50% ref,
humidity, and (¢} 20 #/min air movement.

018 ¢
1Cloe e In combined units
kg-calhr For 1.8 m2 surface area
0.04536 °F
1Clos  ————— {1 kg-cal = 3.968 Btu
Btushr
T Waeightad mean body temperature
T Body internal {rectal) temparature
Te Mean Skin tamperature
Heat capacity of Outer layer to skin as opposed to body cores.
Body periphery 40 Bt/ °F Approximately 1.0 inches thick
Resistance of petiphe Function of body activity and Is equivalent
periphery t0 0.16 10 0.70 Clo k4 o
Pain threshold far any area of skin 45 ‘G113 °F)
When mean weighted skin 1ameerature is: Tha typical sensation is:
Aboveds °C (85 °F) Unpleasantly warm
Aboved4 °C (83 °F) Comlortably warm
Below31 ¢ {88 ©oF )} Uncomfortably warm
Below30 °C (86 °F) Shivering cold
Below?28 ¢ (84 °F) Extremely cold
When the hands reach: When the feet reach; They feet: o
20 oG (68tF) 28°C (7.0 °F) Uncomionably cold 2
16 o (59°F) 18 °C (64.5 °F) Extremely cold P
10 °C (5 °F) 13 °c (55 °F) Painful and numb %,-
"]
=t

Reference: 78, Figure |-205, Page 6

Figure 5.8.2-3 Physiological and Thermal Characteristics of an Average
Man (Concluded) P
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Example: To find the surface area of a male of mean height and weigh (1755 cm, 74.4 kq), a
straight line is drawn between the twe appropriate points on the H and W scales. The slope
of the line most nearly approximates the siope of the C-scale bar. The surface arsa of such
an individual is approximately 1.8 m2 .

Reference: 142, page 257
Figure 5.8.2-4 Nomogram te determine Total Human Body Surface from Height and Weight
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Since the total radiation area of the body varies with position,
the diagram shows what multiplier (f,) to use with total body
surface area for each of four common positions. For the nude
body the following steps are involved:

(1} Find the total surface area (S.A.) by:
S.A. (in f£t?) = 0.108 w0-425 x §0.725
where W is weight in pounds and H is height in inches: or

S.A. (in m?) = 0.007184 wC-425 y y0-725

where W is weight in kg and H is height in cm
(or use the nomogram, 14-12)

(2) Then, to find the total radiation area (A,) for a given
position,

Ar = S.,A. X fr

A, is increased by clothing, but each assembly will add its own
increment. A standard set of light street clothing increases A,
by 1.14.

Reference: 142, page 158

Figure 5.8.2-5 Information to Determine Jotal Body Heat Radiation Area Based .
on Height and Weight
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mandatory physical exercise. Under
microgravity conditions, sweat does not
drip from the body but tends to sheet on
the skin and also form ringlets around the
neck. Therefore, sweat removal and col-
lection is required in the exercise area.

d. Experiment Performance - Some ex-
periments are likely to be sensitive to the
thermal environment and require special
thermal control.

e. Entry - The same considerations as
described for launch apply here. The ther-
mal management system must be capable
of handling the entry heat loads.

f. Post-Landing - Considerations include
the delay until egress, adverse thermal
environments, and a possible non-venting
requirement of the internal (cabin) en-
vironment.

5.8.2.2 Human Responses to
Thermal Environments Design
Considerations

{A}

Thermal comfort can be defined several
ways. The simplest is that condition of mind
which expresses satisfaction with the thermal
environment.

The primary physiological parameters re-
lated to human thermal response are skin
temperature (ts), internal or core temperature
(tc), and weighted mean body temperature
(th). The desired circumstance is to have the
body at a state of equilibrium with the en-
vironment in a condition that is comfortable,
as defined above.

Comfort for humans is a subjective condi-
tion; however, thermal comfort has been
mathematically defined. Itis the condition in
which the body core temperature is normal
and the rate of body heat storage is zero. A
thermal comfort equation has been developed
that is based primarily on mean skin tempera-
ture {ts) and sweat secretion as a function of
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activity level:

Heat Conduction Through Clothing =R +
C=H-D-8-Rw - Rd; where R = heat loss
by respiration; C = heat loss by convection; H
= internal heat production; D = heat loss by
skin diffusion; § = heat loss by sweat secre-
tion; Rw = latent heat of respiration loss; and
Rd = dry respiration heat loss.

Mathematical details for the above equa-
tion are given in Reference 332.

(Also refer to Paragraph 11.13.1, Cloth-
ing.)

The comfort zone is defined as that range
of environmental conditions in which humans
can achieve thermal comfort, and is affected
by the work rate, clothing, and state of ac-
climatization. Figure 5.8.2.2-1 is a graphic
representation of the comfort zone. The com-
fort zone does not include the entire range of
conditions in which humans can survive in-
definitely: this is a larger zone that might
require active sweating or shivering, respon-
ses initiated by elevated or lowered core
temperatures. The graph implies minimal air
movement and assumes the radiant tempera-
ture of the surroundings to be equal to the dry
bulb temperature. The effects of acclimatiza-
tion, work, and heavier clothing are shown as
data trends by the arrows on the graph.

The mechanisms for thermal self-regula-
tion and human responses to various environ-
ment are discussed in Paragraphs 5.8.2.2.1
through 5.8.2,2.5.

5.8.2.2.1 Modes of Heat Exchange
Design Considerations
(Al

Heat is exchanged between humans and
the environment through four processes:

a. Radiation - Exchanges of radiation may
occur with surfaces having higher or lower
temperatures than that of the skin. Radia-
tion may also be absorbed by the skin from
high-temperature sources such as the Sun.
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Sitting man, dressed in light
clothing {1 clo}, doing light
woik, 90 K cal/hr (360 BTU/h]

Air motion 1 m/sec
do {197 ft/min} for
=3 s tolerance zones, 0.1 m/sec
/ {19.7 ft/min} for
’ comfort zone

air velocity
Extra clothing,
work, radiation

T
-3 : 1Y, tolerance
/
h'l'l | S T W R N W S
0 10 20 30 40 50
Vapor pressure, mm Hg
| N P IO O | | L1 1.1
0 01 02 03 04 05 06 07 08 0.9

Vapor pressure, psia

Reference: 19, subnote 7{1), page 6

Figure 5.8.2.2-1. Environmental Requirements
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b. Convection - The body may exchange
heat by air convection. This is an impor-
tant source of heat loss, especially if the air
velocity around the body is high and the
air temperature is low.

¢. Conduction - Heat may be exchanged by

conduction with objects in direct contact
with the body.

d. Vaporization - Heat may be lost by
vaporization from the lungs through
respiration and from the skin by sweating.

Heat is also lost in urine and feces. The
body stores heat in the tissues and body
fluids. This stored heat is the currency
with which body heat balance is pur-
chased.

5.8.2,2.2 Thermoregulation by
the Body Design Considerations
{A}

The simplest and most accurate way of
representing the body thermally is by the
"core-shell' concept. In this view, the body
core produces heat that is lost to the environ-
ment through the shell (skin). Using sensors
in both the core and shell for information
feedback, the body attempts to maintain the
temperature of the core. The body has several
techniques for generating or dissipating heat:

a. Heat Dissipation - When challenged by
a hot environment, the body uses three
methods, in combination, to dissipate the
heat:

1. Vasodilation causes an increase in
the blood flow to the skin. This in-
creases the conductivity of the skin
and increases the skin temperature,
allowing a more rapid heat loss by
convection and radiation from the
body to the environment.

2. Sweating dissipates body heat by
evaporation. If the environmental
temperature is greater than the blood
temperature, sweating is the only
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means bywhich the body can maintain
its heat balance.

3. Behavior is an important factor,
When a person gets uncomfortably
warm, he attempts to cool off by
moving to a cooler environment,
decreasing physical activity, and seek-
ing shade to avoid radiant heat sour-
ces.

b. Heat Generation - The three principal
means of defense against cold are the fol-
lowing:

1, Vasoconstriction - The blood flow to
the skin is reduced, increasing shell
insulation and decreasing skin
temperature, both of which reduce
heat loss to the environment.

2. Thermogenesis - The bady increases
heat production by shivering.

3. Behavior - A cold person attempts
to move to warmth, put on more cloth-
ing, engage in exercise, etc,

The consensus of physiologists is that a
human can acclimate effectively to heat but
not to cold. Under continued heat stress the
body will develop higher sweat rates at lower
skin temperatures, i.e., becomes more effi-
cient in providing evaporative cooling. No
comparable physiological acclimatizations
have been detected for extended periods of
cold stress. (Heat and cold acclimation is
discussed further in Paragraphs 5.8.2.2.3 and
5.8.2.2.4.)

¢. Regulation During Work - When a per-
son is engaged in physical activity, the
body’s regulatory system must consider
three extra tasks: 1) the muscles produce
extra heat that must be dissipated, 2) more
blood flow must be supplied to the work-
ing muscles, and 3) the body develops
higher core temperature (how high is de-
pendent upon the workload). These fac-
tors usually interfere with thermo-
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regulation in the heat and assist it in the
cold.

d. Environmental Factors Affecting Heat
Exchange - Although the body can control
its rate of heat transfer to the environ-
ment, the heat exchange itself is governed
by physical laws. Therefore, the physical
environment is important in its effect on
transfer. Some environmental factors that
influence heat exchange are:

1. Air temperature, which directly in-
fluences convective transfer and sweat
evaporation.

2. Humidity, which has an important
effect on sweat evaporation rate and
insensible (respiratory and skin dif-
fusion) water vapor loss.

3. Air velacity, which is an extremely
important factor in convection and
evaporation.

4. Radiation from the Sun and other
sources, including sunlight reflected
from the environment. Radiant heat
effects on the body are also directly
related to cabin wall surface tempera-
tures.

5. Sensible and insensible water vapor
loss rates are influenced by the vapor
resistance of the clothing worn.

6. The convective heat transfer coeffi-
cient is affected by microgravity as
described in Paragraph 5.8.2.2.2.1.

5.8.2.2.2.1 Microgravity Effects on
the Thermal Environment
(0)

The principal effect of a microgravity en-
vironment on heat transfer is the loss of
natural convection, i.e, warmer air will not
naturally rise. All convection under these con-
ditions must be forced through the use of fans
or blowers. In the steady-state heat balance
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equation, microgravity will only affect the
convective heat transfer coefficient, he. How-
ever, the forced convection heat transfer coef-
ficient has been derived empirically for a 1-G
gravity environment and hence includes a
residual natural convection influence that
must be subtracted before use under
microgravity conditions. A development of
the hc correction for microgravity has been
detailed in Reference 332.

A heat-measuring device called an electric
dynamic katathermometer (EDK) has been
developed which automatically and con-
tinuously scans heat output from a surface,
e.g., skin, chamber wall, or equipment sur-
faces. Results obtained with this device show
that skin temperatures measured in
microgravity differ markedly, both for rest and
work situations, from those obtained under
1-G. These results showed a comparable in-
crease in skin temperature of the chest and a
decrease in the temperature of the ex-
tremities. Data obtained also indicated that
the space chamber microgravity atmosphere
has greater cooling capacity than did a similar
test chamber on Earth.

5.8.2.2.3 Human Performance in
Heat Design Considerations
{A}

Performing heavy work results in elevated
skin temperature followed by elevated body
core temperature, Vasodilation and sweating
commence, but cannot completely compen-
sate for the heat load on the body. As the core
temperature continues to rise, the heart rate
increases and eventually may reach 70 beats
per minute {or more) above normal. As the
body continues to store heat, the individual
may suffer from heat exhaustion. This is char-
acterized by hypotension, difficulty with
breathing (dyspnea), confusion, and fainting,

A person performing moderate or heavy
work will develop higher core temperatures
before onset of heat exhaustion. Occasionally,
people hard at work in the heat experience
almost none of the above symptoms and sud-

denly faint or, in some rare instances, go
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directly into heat stroke.

Heat tolerance limits are usually defined
in three ways:

a. Maximum Allowable Internal
Temperature - About 39°C (102°F) for a
resting or lightly working person, but can
be above 40°C (104°F) for a person at hard
work.

b. Maximum Allowable Heat Storage -
About 2.7 kcal/ kg (4.9 BTU/Ib) of body
weight, or about 135 kcal/m2 (49.9
BTU/ﬂJ) of body surface area. The body
heat storage index (qgs), is defined as the
steady state rate of heat loss or gain to the
body which results from imbalance in the
biothermal equation:

Body Heat Storage Index, gs = 0.83 BW
(tb -36), kcal where tb = 1/3 ts + 2/3 tc

BW = bodyweight in kilograms. If the rate
of body temperature change is known,
then the body heat storage index can be
calculated. See Paragraph 5.8.2.2 for
symbol definitions.

c. Tolerance Times with Respect to
Various Environmental Indices - Figure
5.8.2,2.3-1 shows the tolerance times
plotted for three of the indices defined in
Paragraph 5.8.2.

5.8.2.2.4 Human Performance in
Cold Design Considerations
{A)

In a cold stress situation, the body will
rapidly reduce peripheral circulation in an
attempt to conserve core heat. As the core and
skin temperatures contintie to drop, shivering
begins and discomfort is continually present.
Eventually shivering may become violent and
uncontrollable. As the core continues to lose
heat, shivering eventually lessens, then stops
altogether. At this point, complete loss of
thermoregulation is imminent. Death, how-
ever, may not come quickly, The core
temperature can be drastically reduced, to
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26°C (78.6 °F) or lower, with the body still
surviving. With such extreme cooling of the
core, death can occur when attempts are made
to rewarm the body, cardiac fibrillation being
the common cause of death.

A hypothermia victim becomes critical
when the core temperature drops to about
35°C (95°F). The environmental indices used
for heat exposure are not considered ap-
propriate for cold because humidity is not a
factor because air saturated at 0°C (320F)
holds only 1/5 of the water vapor as air
saturated at 27°C (80°F). In the absence of
high air velocity, the most widely used cold
stress indicator is dry bulb temperature. Fig-
ure 5.8.2.2.4-1 gives some approximate
tolerance times in cold air environments, as-
suming no radiation effects and a fixed cloth-
ing insulation factor,

In cold air, even a moderate air velocity
will dominate other modes of heat transfer
from exposed skin (see the windchill indices
in Figure 5.8.2.2.4-2). Regardless of the air
velocity, frostbite will not occur unless the true
dry bulb is below 0°C. (32°F). In addition, the
effect of moderate air velocity is only ap-
plicable to exposed skin; there is little effect
on clothing up to velocitdes of 10-15m/s, (32.8
- 49.2 ft/sec). Above this limit, the effects are
complex; the principal danger is the formation
of local cold spots on the exposed side of the
body, resulting in excessive heat loss from
small areas,

(Refer to Paragraph 11.13.1, IVA Cloth-
ing, for more details on clothing.)

If the surface temperature of the hand falls
below 12° - 14°C (54° - 57°F), manipulative
ability begins to fail. As the hand temperature
drops lower, more serious loss of manipula-
tion ability occurs, partly from stiffness and
partly from the loss of tactual sensitivity. The
final decrement is caused by the loss of brain
functioning due to a drop in core temperature.
The brain loses the capacity for cognitive func-
tions if its temperature drops much below 34°
- 35°C (93° - 95°F) even though the body is
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The windchill index does not account for physiological adaptations or adjustments and should
not be used in a rigorous manner. 11 is based on field measurements during World War 11 of the

rate of cooling of a container of water,

Figure 5.8.2.2.4-2. Windchill Index
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still capable of responding to instruction.

5.8.2.2.5 Special Ventilation &
Metabolic Heat Removal Design
Considerations

{A}

The requirements for manned space
module ventilation cannot be based on
ground-based systems due to an absence of
convective airflow. The primary reason for
specifying air velocity limits is to extend the
range of acceptable environments for the
crewmembers.

The amount of air required in any region
of the cabin depends on the number of crew
present and on their work activity. The
recommended amount of air for adults
engaged in moderate physical act1v1ty ranges
from 2.4 - 14.2 liters/ sec (5 to 30 ft> /min) per
person, with approximately two-thirds of this
being fresh revitalized air. The range of me-
tabolic heat added to the module atmosphere
is given in Figure 5.8.2.2.5-1. This table
shows the amount of heat generated by the
crew which must be removed by the ECLSS.

Special consideration in a space module
should be given to the following areas:

a. Exercise Station - This area should have
an increase in airflow in order to increase
heat transfer and to relieve sweat ac-
cumulation. Individual airflow units with
air temperature control will help the crew-
member match the airflow to the activity.
The direction of airflow should not blow
sweat into other station areas, particularly
eating or sleeping stations, and should
blow over the entire body, not just one
part.

b. Sleeping Station - Individually adjus-
table airflow controls are desirable.

c. Eating Station - Airflow should not blow
loose morsels of food away from crew-
members so swiftly that they cannot be
recovered.
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d. Ventilator Intakes - Ventilation system
intakes should be accessible to crew for
recovery of lost objects. Airflow in the
vicinity of the inlets should not exceed 0.2
m/sec {40 ft/min).

The ventilation rates used in the cabin
should be sufficient to control local air
contamination by body products or from
noxious substances in the compartment.
The cabin ventilation airflow should be
sufficient to dilute contaminants and
divert them from the crewmembers.

In summary, the thermal comfort design
objectives are that body thermal storage
be zero, that evaporative heat losses be
limited to insensible evaporation of mois-
ture produced only by respiration and dif-
fusion through the skin without the
activity of the sweat glands, and that body
and skin temperatures be maintained near
the normal values of 37°C (98.6°F) and
33°t0 34°C (91.5° to 93.5°F) for a resting
person.

5.8.3 Thermal Environment Design
Requirements
(A}

Paragraphs 5.8.3.1 and 5.8.3.2 provide the
design requirements for spacecraft cabin thermal
environments.

5.8.3.1 Temperature, Humidity, and
Ventilation Design Requirements
{A}

Thefollowing designrequirements shall apply
to the thermal environment:

a. Atmospheric Parameters - The atmospheric
temperature, humidity, and ventilation rates
shall meet the requirements in Figure 5.8.3.1-
I (these values are shown graphically in Fig-
ure5.8.3.1-2).
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Metric Units
Low metablic load
Cabintemparature, % 18 21 24
Keaihr hrs Jdotal  Keabhr hrs Jotal Kealhr  hrs  Totg
Sensible
Sleep 57.9 8 463 57.9 8 483 579 8 483
Lt wk 90.7 8 725 793 -} 635 680 8 544
Md wk 945 8 756 819 8 655  68.0 8 544
Total 1944 1783 1551
Latent
Sleep 17.6 8 141 17.6 8 141 17.6 8 141
Ltwk 22.7 8 182 340 8 272 453 8 363
Md wk 441 3 3%2 567 8 453 705 8 564
Total 675 866 1068
Total metabolic rate 2619 2619 2619
{Kcal/man-day)
Nominal bolicload
Cabintamperature, %G 18 21 24
Keabthr brs Jota] Keallr hrs Total Kealhr frs _Total
Sensible
Sleep 579 8 4683 579 8 463 5§79 8 463
Lt whk 90.6 5 453 793 5 397 68.0 5 340
Md wk 94.5 9 850 81.9 8 737 68.0 9 612
Hy wi 28.2 2 196 844 2 169 680 2 136
Total 1982 1766 1551
Latent _
Sleep 17.8 8 141 17.8 8 141 17.8 8 141
Lt wi 22.7 5 114 340 5 170 453 5 227
Md wk 44 1 9 397 56.7 9 510 70.5 9 635
Hy wk 1032 2 207 1174 2 234 1335 2 267
Total 859 1055 1270
Total metabolic rate 2821 2821 2821
{Keal/man-day)
High Metabolic load
Cabintemperature, °C 18 21 24
Kealhr hrs Jotal Kealhr hrs Jotal Kealbr b _Total
Sensible
Sleep 57.9 8 463 579 8 463 579 8 483
Lt wk 0.6 4 362 79.3 4 317 68.0 4 272
Md wk 945 4 378 81.9 4 328 88.0 4 272
Hv wk 982 8 786 844 8 675 680 8 S44
Total 1989 1783 1551
Latent
Sleep 17.6 8 141 17.6 8 141 17.6 8 141
Liwk 227 4 a1 34.0 4 136 453 4 181
Md wk 441 4 176 56,7 4 227 705 4 281
Hy wk 103.1 8 827 1171 8 937 1335 8 1068
Total 1234 1441 1673
Total metabolic rate 3224 3224 3224

(Kcal/man-day)

Retference: 348, Table 3, Page 12

Figure 5.8.2.2.5-1 Metabolic Heat Generation Matrix (Cont.]
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English Units
Low metablic load
Cabin temperature, deg F 65° 70° 75°
Buhr s Total Btuhr hrg Jotal Bwhr  hrs  _Total
Sensible
Sleep 230 8 1840 230 8 1840 230 8 1840
Lt wk 360 8 2880 325 8 2520 270 a 2160
Md wk 375 B 3000 328 8 2600 270 8 2180
Total 7720 6960 6160
Latent
Sleep 70 8 560 70 8 5860 70 8 560
Ltwk 90 8 720 135 8 1080 180 8 1440
Md wk 175 8 1400 225 8 1804 280 8 2240
Totat 2680 3440 4240
Total metabolic rate 10,400 10,400 10,400
{Btu/man-day)
Nominal ioload
Cabin temperature, deg F 65° 70° 75°
Btuhr  his Jotal Btyfr hrg Jota] Btuhr s _Total
Sensible
Sleep 230 8 1840 230 8 1840 230 8 1840
Ltwi 380 8 1800 318 5 1875 270 5 1350
Md wk a7s 9 3375 325 g 2925 270 9 2430
Hv wk 390 2 180 335 2 870 270 2 540
Total 7795 7010 6160
Latent
Sleep 70 8 560 70 8 560 7¢ 8 560
Lt wk 80 5 450 135 5 675 180 5 960
Md wk 175 9 1575 225 9 2025 280 9 2520
Hv wk 410 2 820 465 2 930 530 2 1080
Total 3405 4190 5040
Total metabolic rate 11,200 11,200 11,200
{Blusman-day)
High Metabolic load
Cabin temperaturs, deg F -85 70° 75°
Bluwhr  hrs Total Btuhr hrs Total Bumhr hrs  Jotal
Sensible
Sleep 230 8 1840 230 8 1840 230 8 1840
Ltwk 360 4 1440 315 4 1260 270 4 1080
Md wk 375 4 1800 325 4 1300 270 4 1080
Hyv wk 390 8 3120 335 8 2680 270 8 2160
Total 7900 7080 8160
Latent
Sleep 70 8 560 70 8 560 70 8 560
Lt wk 90 4 360 135 4 540 180 4 720
Md wk 175 4 700 225 4 900 280 4 1120
Hv wk 410 8 3280 465 8 3720 530 8 4248
Total 4800 5720 6640 -
o
Total metabalic rate 12,800 12,800 12,800 ﬂ_
(Blu/man-day) 0
&
=

Reference: 348, Table 3, Page 12
Figure 5.8.2.2.5-1 Metabolic Heat Generation Matrix [Concluded]
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Parameter Units Operational 28-day emergency
Temperature (1) °F 65-80 60-85

Dew point (2) oF 40-60 35-70

Ventiliation ft/min 15-40 10-200

Siunits

Tamperature (1) °K 292 300 289 303

Dew paint (2) oK 276 289 2714 294
Yentllation m/sec 08 .20 05 10
Temparature (1) °c 19 27 16 30

Dew Point (2) °C 5 16 1 2

Reference: 5, Figure 83, Page 302
324, Table 2-9

Notes:

{1) inthe operational mode temperature will be selectable 110 ¥20p throughout the range
(2) Relative humidity shall be within the range of 25-75 percent

Figure 5.8.3.1-1. Atmosphere Thermal Comfort Requirements
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MSIS-137

REM A

Dry butb temperature, deg C {deg F)

Reference: 278, Figure C-20
324, Table 2-9

Lwre SAT1-2 17 psiz Standard Atmaspliers Parametric Limts - fry Bull, Jow Foiri Kelative Humidty
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5.8.3.2 Thermal Monitoring and
Control Design Requirements
{A)

The following requirements shall apply to the
monitoring and control of the space cabin thermal
environment:

(Refer to Paragraph 9.3, Controls, and Para-
graph 9.4, Displays, for specific details on
control and display requirements)

a. Monitoring of Thermal Environment -

1. Monitoring of cabin temperature and
relative humidity shall be provided.

2. Monitoring of the thermal environment
shall be fully automatic. The number,
type, and location of temperature sensors
and the frequency of monitoring shall be
Such as to ensure measurement of repre-
sentative cabin temperature and to allow
stable control of those temperatures.

3. Visual and audible alarms shall be
automatically initiated when thermal
parameters exceed the limits given in
Paragraph5.8.3.1.

(Referto Paragraph 9.4 .4, CautionandWarn-
ing Displays, for specific requirements for
implementing the caution and warning sys-
tem.)

b. Adjustment of Thermal Environment by the
Crew - Crewmembers shall be provided with
controls that allow them to modify tempera-
tures, humidity, and ventilation rates inside
the space module within the ranges for these
parameters as specified in Paragraph 5.8.3.1.

c. Sleep Compartment, Personal Hygiene
Area, and Waste Management Compartment
Thermal Environment Controls - Tempera-
ture and ventilation shall be maintained in
eachof the private crew quarters, the personal
hygiene area, and the waste management
compartment, and shall be controlled in each

of these areas within the range of these
parameters,
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d. Portable Fans - If activity stations are
isolated from the module air circulation sys-
tems, auxiliary airflow andior portable fans
shall be provided,

e. Exercise Station Perspiration Control -
Each exercise station shall be provided witha
method of sweat removal and collection.

5.9 COMBINED ENVIRONMENTAL

EFFECTS
{A]

5.9.1 Introduction
(A}

This section provides design considera-
tions and requirements for combined environ-
ments.

5.9.2 Combined Environmental
Effects Design Considerations
(A}

In the previous subsections of Paragraph
5.0, the physical environments (acceleration,
vibration, thermal, etc,), human responses to
these environments, and the environmental
design limits that are based on these human
responses, have been given as if each of the
physical environments existed by itself. In
aerospace operational environments this is
rarely, if ever, the case. The space module and
its crewmembers are exposed to an intricate
interplay of several of these environments.
For example, during launch, the crewmem-
bers are subjected to the simultaneous stresses
of linear and angular rotation, vibration, and
noise,

Data that define the design requirements
for combined environmental effects are vir-
tually nonexistent. Relatively few laboratory
studies have been devoted to the investigation
of tolerance levels, physiological effects, or
performance effects during exposure to two
environmental stressors. 'I‘here are even
fewer studies involving three or more stres-
SOIS,
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The following figures summarize some of
the research findings on the physiological ef-
fects of combined environmental stressors.
The reader is cautioned to be aware that in
these figures there are apparent contradictory
findings. This may be due to one researcher
having concentrated on a single combination
of environmental parameters and reflecting
the findings specific to these parameters,
whereas, another researcher has examined a
range of combinations of environmental
parameters, resulting in more generalized
conclusions. This emphasizes why this kind of
combined stressor data must be used with
caution.

Figure 5.9.2-1 contains some examples of
how certain physical environments affect
physiological functions.

Figure 5.9.2-2 describes the experimental
findings on combined environmental stresses
when acceleration is the primary stressor.

Figure 5.9.2-3 describes the experimental
findings on combined environmental stresses
when vibration is the primary stressor.

Figure 5.9.2-4 describes the experimental
findings on combined environmental stresses
when noise is the primary stressor.

Figure 5.9.2-5 provides a summary of the
effects of heat, noise, and sleep deprivation on
performance.

Figure 5.9.2-6 describes the experimental
findings on combined environmental stresses
when simulated weightlessness (bed rest or
water immersion) is the primary stressor.

Figure 5.9.2-7 describes the experimental
findings on combined environmental stresses
when cold temperature is the primary stressor.

Figure 5.9.2-8 describes the experitmental
findings on combined environmental stresses
when heat is the primary stressor.
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Figure 5.9.2-9 describes the experimental
findings on combined environmental stresses
when hypoxia is the primary stressor.

Figure 5.9.2-10 describes the experimen-
tal findings on combined environmental stres-
ses when ionizing radiation is the primary
stressor.

Refer to Reference 92, Chapter 19, for
further discussion of combined environmerital
effects and a summary of the limited amount
of data.

While there are no agreed-upon design
standards for combined environmental ef-
fects, in light of the data in the figures cited
above, itis prudent to consider, as a minimum,
the following precautions:

a. Work Around - Avoid the assignment of
critical tasks (e.g., complex cognitive
tasks, complex coordination tasks, etc.)
during exposure to combined stressors.

b. Exposure Beyond - When considering
human exposure beyond that previously
experienced extreme caution is required.
Objectives should be clearly identified and
maximum controls used to minimize
danger.

¢. Assumption of Effects - Assume neither
positive or negative synergistic effects
when crewmembers are exposed to multi-
ple environmental stressors. (While ad-
verse synergistic effects should not be
assumed, they should certainly be con-
sidered.)

The process of assessing the effects of the
combined environments to which the
crewmember will be subjected should in-
clude careful review of each of the ap-
plicable previous sections.
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d. Protective Gear - Consider the use of
protective clothing and equipment, taking
into account any decrements in perfor-
mance that such clothing and equipment
might cause.

e. Nondesign Solutions - Give careful con-
sideration to nondesign solutions. For ex-
ample, if a critical task’s performance must
be of high quality, consider recommend-
ing significant amounts of extra training

with respect to such tasks.

Acceleration

Carbon Dioxide excess
Exarcise *\
D

Heat stress -
Situational stress ———-~——7

Vibration

Circulation
hohiddstnshathy

Woeightlessnasg

Stresses Which AHtect the Circulatory System

Accesleration
Carbon Monoxide
Carbon Dioxide “a

Exercise —

Respitatory

Hypoxia 7 gas exchange
Vibration
Heat stress

Strasses Which Affect the Exchange of
Oz and CO5 in the Alveolus

Reference: 92, Figure 19-1

Blast overprassure

Extreme cold

Extreme heat \

Impact ﬁ.\\
——

lonizing Radiation
Noise

Toxic agents
Vibration

Stresses Which Can Produce Injury and Death in Cells
and Tigsues

Cold

Heat \}\

Hypoxia
lonizing radiation ——-—//

Csllular Oxidations

Stresses Which Interface with Call Metabolism

MSIS-37

Figure 5.9.2-1. Common Mechanisms of Action of Selected Environmental Stress

5-155



Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B
Test Physiological
Stresses Animal Measures Eftect Irteraction
Acceleration Man G-tolerance Hypoxia decraases + G , tolerance Additive
and hypoxia (peripheral light
loss}
Acceleration Man Nystagmus Hypoxia causes smailer change in nystagmus None
{angular) and than apprehension
hypoxia
Acceleration Man G lolerance Haat lowers G tolerance. Cald raises G tolerance Additive,
and heat/cold {peripheral light synergistic
loss)
Acceleration Man G tolerance Heat lowers G tolerance Additive
and heat {peripheral light
loss)
Acceleration Mice Survival lime High environmental temperature decreases and Additive,
and heat/cold cold increases the tolerance of mice to positive antagonistic
acceleration
Acceleration Man Heat rate, fore- Heat lowers tilt tolerance. Heart rate is highar, Additive
{vertical tilt) arm blood flow, blood pressura is lower, and syncope
and heat blood pressure, | ls more comman in heat
rectal tompera-
ture
Acceleration Rats Survival time Hypothermia (22,5 deg C) improves lolerance to Antagonistic
and cold - G 5 2t lovels of 30-40G
Acceleration Man Paripheral light Prior heat stress producing minimat dehydration Additive
and heat loss (1-3% body weight) decreases acceleration
tolerance 15—18%)
Accalaration Man Peripheral light Prior heat stress producing dehydration decreases | Additive
and loss acceleration tolerance
dehydration
Acceleration Man Puimanary Breathing 100% Oz during acceteration does not Variable
and hyperoxia tunction tests interact with with tolerance but does ameliorate
acceleration-induced atelectasis’

Reference: 92, Table 19-1

Figure 5.9.2-2. Combined Stress-Acceleration the Primary Stressor
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Test

drugs

damage

depressant and increased by CNS stimulants

Physiclogical
Stresses Animal Measuraes Effect Intaraction
Vibration and Man Whole body Vibration (+0.4G at 2.5-20 Hz) combinad with Additive
accelaration mechanical linear acceleration (1, 2 1/2, and 4G) produces
impadance increased stiffness, reduces damping, and
increases energy transmission to internal organs
Vibration and Man Compensatory | Vibration (Q - +3.0G at 11 Hz) combined with Nene
acceleration tracking task linear acceleration {1-3.5G) produces per-
formance decrements not significantly
ditferant from vibration alone
Vibration and Rats Mortality incidence of mortality (62%) is greater after Additive
heat 20 min exposure 10 heat {46.1deg C) and random
vibration {5-800 Hz 17.5G RMS) in combination
than singly
Vibration and Rats Montality Mortality of restrained rats increases directly Additive
hypoxia with hypoxia (altitude 818,000 f) during +Gx
vibration (60 Hz 15G pedk acceleration)
Vibration and Mouse Mortality, Pressure breathing (4 in. Hp O) reduces mortality Antagonistic
pressure tissue change . | of mice exposad to 10 min of 20 Hz random
breathing vibration {7.07G RMS}
Vibration and Man Visual per- {(+3.85Gy ) acceleration improves the visual Antagonistic
accelaration formance performance decremant associated with
{11 Hz £ Gx ) vibration
Vibration and Man Ventilation +G; vibration (40 Hz) and increased inspired CO5 | None
carbon dioxide both increase ventitation bul are not additive in
combination
Vibration and Man Physiological +G 7 vibration {semirandom) (.16—-.4 RMSg) and None
noise measures, noise (~112 dB) have no significant effect on
performance multiple performance measures or physiclogical
responses in simulated halicopter flight
Vibration and Primate, | Sleep-stage +Gy vibration {7 RMS), noise (102 dB}, and heat Additive
noise and man EEG, (90 dag F) in combination produce significant slaap
tamperature performance disturbance and performance decrement
(shock avoidance)
Vibration and Man Perdormance Noise (1 00 dB) and vibration (0.25 +G b g} 5 HZ) Addit]ve
noise {compensatory | produce additive decremant in vertical com-
tracking and ponent of compensatory tracking task
reaction time)
Vibration and | Mice Mortality, tissue | Monality is decreased significantly by CNS Not examined

Reference: 92, Table 19-2

Figure 5.8.2-3. Combined Stress—Vibration the Primary Stressor
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Test Physiclogical
Stresses Animal Measures Effect interaction
Noise and Man Perdormance | Noise (90 dB) and heat (87deg ET) produce no None
heat task battery significant performance decrement, singly or in
combination
Noige and Paerormance | See Figure 5.9.2-5 Heat and noise—
heat and sleep {tracking and none; noise and
deprivation serial reaction) sleap deprivation~
antagonistic
Noise and Man Performance { Sea Figure 5.9.2-3 Additive
vibration
Noise and Man Performance, | Ses Figure 5.9.2-3 None
vibration physiclogical
measures
Noise and Primate Steep (EEG), | See Figurs 5.9.2-3 Additive
vibration and performance
heat
Vibeation and | Man Sensitivity to | Results vary widely with time of day and work Not examinad
noise (adolescent | vibration expariance with vibration. In general, vibration
boys) causes decrease in sensitivity. Exposure to noise
and vibration varies but prolonged exposure to
both causes a greater decrease in sensitivity 3
24
Refarence: 92, Table 19-3 2
Figure 5.9.2-4. Combined Stress-Noise the Primary Stressor
Place In Physialogicai
work petiod Effect of interaction
Stress Speed Errors whaere effect incentives H .
appears eat Noise
Heat No effect Increased Throughout | {No effect)” — None
Noise No elfect** | Increased** | End** Impairs performance | (None) -_—
Sleep Reduced™ | No effect** | Eng** No atfect or None Reduced sifect
deprivation improved {antagonistic)

Refersnce: 92, Table 19-4

Notas:

MSIS-41

* Results in brackets not from the serial reaction test and not strictly comparable
** Based on the results of more than one study and felt to be more reliable

Figure 5.9.2-5. Summary of the Effects of Heat, Noise, and Sleep Deprivation on Performance
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Test ioloai
. Stresses . Measures Effect Physiological
Animal interaction
Bed rest and Man Orthostatic Hypoxia (10,000 ft simulated attitude} prevents Antagonistic
hypoxia tolerance, changes in red cell mass and calcium metabolism
blood volume, associated with bad rast
metabolism
Bed rest and Man Tilt table Heat (95 deg C) and 48 hr of bed rest produced Additive
heat tolerance greater orthostatic intolerance in combination
than glone
Bed rest and Man Tik table Not defined. Subjects at bed rest at night and Not defined
water immersion tolerance Immersed by day to simulate deconditioning
{sequential) effects of prolonged weightlessness
Bed rast/ Man Tolerance to Tolerancs 1o +G, slow onset acceleration is Not defined
immersion and 13y +Gz reduced by prior bed rest or immersion exposure
acceleration accaleration
Immaersion and Man Tolerance to +Gz tolerance reducad In one subject after & days | Not defined
acceleration +G 3 accelera- of water immersion
(ssquential) tion

Reference: 92, Table 18-5

Figure §.9.2-6. Combined Stress—Simulated Weightlessness the Primary Stressor
. Stresses Test Measures Effect Physiological
Animal intaraction
Cold and See Figure 5.9.2-2
accseleration
Cold and See Figura 5.9.2-13
hypoxia
Coki and Rats Survival time Both neutron (220 rad) and X-ray (430 rad) Not defined
ionizing decrease survival time of rates at -20 deg C
radiation
Cold and Rats Survival time, The reduced longavity, retarded growth, None
ionizing lasions cataracts, and skin vicers seen after 500R X
radiation irradiation is not altered by 3-hr daily exposure
to 32 deg F (0 deg C)
Cokd and Man Skin and rectal | Alcohol does not signiticantly alter thermal Not examined
alcohol temperature, responses to 8 hr sleep in cold (20 deg C)
heat production
Cokd and Mice Survival time Survival time in 100% O3 normally > 120 hr is Not examined
hypoxia reduced 1o < 72 hrin cold (4 deg C)

Reference: 92, Table 18-6
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Figure 5.9.2-7. Combined Stress—Cold Temperature the Primary Stressor
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Tast

lowered TR . Combined stress interacted by
synergism: TR rose in proportion to degree of
vibration stress

Strasses ? Measures Effect Physiological
animal interaction

Heat and Man, Tolarance, See Figure 5,9,2.2
acceleration mice survival
Heat and Man — See Figure 5.9.2-9
hypoxia
Heat and Man, Sleep EEG Combination of heat {90 deg F) and sinusoidal Not deflned
vibration primate vibration reduces amount of REM sleep
Heat and See Figure 5.9.2-3 Additive
vibration
Heat and Man Performance Temperatures as high as 110 deg F (50% RH) and None
noise {tracking and noise {110 dB) produce no significant degradation

monitoring), in performance or physiclogical thermal equilibrium

heart and

raspiration rates,

body and skin

temperature
Heat and Dogs Rectal tempera- | X iradiated (270-1800R) dogs are unable to Not identified
radiation tura thyroid maintain thermal balance during 6 hr exposure io

function {105 deg F) heat
Heat and Dogs Rectal Dogs surviving the lethal effects of X irradiation Not identified
microwave temperature were less able to tolerate the thermal effacts of
radiation microwaves
Heat and Mice Survival time, Survivaitime in 100% O 5 normally > 120 hr was Not identified
hypoxia histopathotogy } reducedto « 72 hrin heat (34 deg C)
Heat and Rectal Rectal temperature (T i ), rose in proportion to Synergistic
vibration tamperature degree of heat stress. Vibration {up to 15G)

Refersnce: 92, Tabla 19-7

Figure 5.9.2-8. Combinad Stress—Heat the Primary Stressor
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frequency. The effect of the combinad stresses
is approximatsly the sum of the individual eHects

Test Physiological
Stresses anima Measures Effect interaction
Hypoxia and | Man Performance Heat {105 deg F), notse (110 dB white noise), Additive
heat and (compaensatory and hypoxia (12,000 ft equiv.) studied in pairs
noise tracking), hean or all three together show additive interactions
rate, respiration,
rectal temperature
Hypoxia and | Man Tolerance time, Rapid collapse and delayed racovery Additive
cold peripheral light loss
Hypoxia and | Man Tolerance time, Hypoxia decreases +G; tolerance Additive
acceleration peripheral light loss
Hypoxia and | Man Heart rate Heat {149 deg C) and hypoxia (PO 2100 mm Hg) Synergistic
heat increase hear rale at 15 exposure 10 and 7 bpm and
respectively and 17 bpm when combined. No antagonistic
significant interaction is seen in other variables
(skin and rectal tamp., blood pressure, vantilation,
and oxygen consumption). Initial synergistic
Irteraction becomes antagonistic after 30 min.
Hypoxia and | Rats Tolerance Prior whole bedy X irradiation improves survival Antagonistic
ionizing {survival) rates for acute 25— to 30,000+ altitude exposure
radiation
Hypoxia and | Man Shivering, heart Hypoxia (10% inspired O 2} during cold (5 deg C) Additive
cold rate, oxygen inhibils shivering and lowers heat production
consumption
Hypoxia and | Rats Mortality Mortality of restrained rats increasss directly with Additive
vibration hypoxta (8- to 18,000-ft altitude) during +G x
vibration {60 Hz 15G peak acceleration)
Hypoxia and | Man Visual acuity, Combined effect of hypoxia and alcohol greater Additive
alecohol parformance than simple sum of the (decreased) acuity
produced by each
Hypoxia and | Man Tolerance time Small amounts of CO reduce tolerance to hypoxia Additive
carbon
monoxide
Hypoxia and | Ratred | Osmotic fragility Under constant pressute, hypoxia increases RBG None
hypobaria celis osmotic fragility. Under constant PO 2, hypobaria
increases osmotic fragility but hypoxia and
hypobaria are independent and do not interact
Hypoxia and | Man Psychomotor Hypoxia and alcohol combined are additive Additive
alcohol perdarmance
Hypoxia and Man Flicker fusion Hypoxia {allitude equivalent 10,000 1} and the Additive
alcohol frequency ingestion of alcohol each diminish flicker fusion

Reference; 92, Table 19-8

Figure 5.9.2-9. Combined Stress-Hypoxia the Primary Stressor
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Test Physiological

Measures Effect y
Stresses | animal interaction
lonizing radia- Rats, Survival, hista- | Chronic accaleration improves radiation tolerance, | Variable, complex
tion and Mice pathology acuta accaleration dagraces aceeleration tolerance
acceieration
{anizing radia- Mics Survival No diiference in acute survival of radiation when None
tion and dacomprassed from air or oXygen snviranmaents.
decompression 30 d. survival lass in oxygsn Dreathing animals
lonizing radia- Rats Survival, tissus | Cold exposure {0°C) has no significant effect on None
tion and cold oxygen tension, ! radiation induced histopathology

histopathyology
lonizing radia- Dogs Rectal Both whole body and local thyroid iradiation Not spacilied
tion and heat temperature {7 years prior 1o heat) producs measureable
changes in thermoreguiation response to heat
streas

lonizing radia- | Rats Survival, Hypoxia, both acute and chronic, is radio- Antagonistic
tion and hypoxia hesmatology protective
{onizing radla- | — e A large fiterature indicates the effects of radiation | Synergistic
tion and hypoxia ara anhanced by oxygen-rich atmospheras
Radiatlon Dogs Survival, Mortality ia greater alar combined X-ray and Additive
(lonizing) and hamatology microwave sxposurs than singly
radiation
(microwave)
lonizing radia- Mice Histopathology | Damage to al nuclel chromezemaes produced by Variable {probably
tion and both radiation and vibration, but [nteraction of the no significarnt
vibration strasses is variable interaction}
lonizing radia- | Mice Histopathology | Damage to call nuclai and chramozones patiern by | Variable
tion and vibra- of bone mamow | radiation is reduced by prior accslaration and {depanding on
tion and csll nuclei vibration singly or on combination sequence of
acceleratlon reatment)

Refsrance: 92, Table 19-9

Nota:

Litle comparison of results across studies
rasponse studied, type of animal, etc. No attempt is made in this table

la possible due to lack of uniformity of type radiation, dese units, types of
to specily the nature of the radiation exposurae.

Figure 5.9.2-10. Combined Stress-lonizing Radiation the Primary Stressor

5-162

MSIS-46




Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Table of Contents Page
6.0 CREWSAFETY . . . . v it i i v et o o v o o o n v s as 6-1
6.1 INTRODUCTION . . . . v i vt ot e v s o oo o o s o o 6-1
6.2 GENERAL SAFETY . . & & v v ¢ v vt s o s s e e s o o o 6-1
6.2.1 Introduction . ... ... ... .. .. ... ... 6-1
6.2.2 General Safety Design Corsiderations . . . . .. ... ....... 6-1
6.2.2.1 SafetyFactors . . . .. .. .. .. .. 6-1
6.2.2.2 CrewInducedAccidents . ..................... 6-1
6.2.3 General Safety Design Requirements . . . . .. ... ....... 6-2
6.3 MECHANICALHAZARDS . . . . v v v v v v o e s s o a 6-2
6.3.1 Introduction . . ... .. ... ... .. ... . .. ... 6-2
6.3.2 Mechanical Hazards Design Considerations . ... ... ... .. 6-3
6.3.3 Mechanical Hazards Design Requitements . . . .. ... .. ... 6-3
6.3.3.1 Corner and Edge Requirements . . . .............. 6-3
6.3.3.2 Exposed Corner Requirements . , . .. ... ........... 6-3
6.3.3.3 Protective Covers on Exposed Protrusions Requirements . . . . . . 6-3
6.3.3.4 HolesRequirements . .. .. .. .. .. v vv v v v v unnn. 6-3
6.3.3.5 Latches Requirements . . . . . ... ... ... ... ....... 6-3
6.3.3.6 Screws and Bolts Requirements . . . . . . ... .......... 6-5
6.3.3.7 Securing Pins Requirements . .. .. ... ... ... .. ... 6-5
6.3.3.8 Levers, Cranks, Hooks, and Controls Requirements . . ... ... 6-5
6.3.3.9 BurrsRequirements . . . .. ... .. ... ... .. ... ... 6-5
6.3.3.10 Mechanically Stored Energy Requirements . . . . . ... .. ... 6-5

6-i



6.3.3.11
6.3.4
6.4
6.4.1
6.4.2
6.4.2.1
6.4.2.1.1
6.4.2.2
6.4.2.2.1
6.4.2.3
6.4.2.4
6.4.3
6.4.3.1
6.4.3.1.1
6.4.3.2
6.4.3.3
6.4.3.4
6.4.3.5
6.4.3.6
6.4.3.7
6.4.3.8
6.4.3.9
6.4.3.10

Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.\/REV.B

LooseEquipment . . ... ... ... .. ... . ... ...,
Non-Exposed Edgesand Corners . . . ... ... ........
Introduction . ........... .00 v e e e
Electrical Hazards Design Considerations . . ... ...... ..
Hazard Controls For Crew/Machine Interface ... ..... ...
Hazard Control Selecdon . . ... ... . ... ... ... ...
Hazard Classification-Psysiological Considerations . . . ... ..,
Catastrophic Hazard Classification . . ... .. ... . ... ...
Bioinstrumentation . . ... .. ... ... 000
Leakage Current Verification . . ... ... ... .........
Electrical Hazards Design Requirements . . . . ... ... ...
Grounding . . . . . ... e e e e e e .
Hinged or Slide Mounted Panels and Doors Grounding . . . . . .
Electrical Bonding . . . . . . . . . . . . . ..o
Protective Covers . . . . . . . . . . . i i v i e e e e
Interlocks . . . . . . . L e e
Warninglabels . .. .. .. .. ... ... ...,
Warning Labels Plus Recessed Connectors . . . . .. .. .. ...
Plugsand Receptacles . .. ... ..... ... ... ....
Insulation . ... ... .. ... . . .. ... ...,
Portable Equipment/PowerCords . . ... ............

Moisture Protecton . . . . . . . i i e e e e e e e e e e e

6-6
6-6
6-6

6-6

6-10
6-13
6-13
6-14
6-14
6-14
6-14
6-14
6-14
6-14
6-14

6-15




6.4.3.11
6.4.3.12
6.4.3.13
6.4.3.13.1
6.4.3.14
6.4.3.15
6.4.3.15.1
6.4.3.16
6.4.3.17
6.4.3.18

6.4.3.18.1

6.4.3.18.1.1

6.4.3.18.1.2

6.4.3.18.2

6.4.3.18.2.1

6.4.3.18.2.2

6.4.3.18.2.3
6.4.3.18.2.4

6.4.3.18.2.5

6.4.3.19
6.5

6.5.1

Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

Static Discharge Protecion . . ... ....... .. ... ...
OverloadProtection . . . ... ... .... ... ....
Batteries . . . . . . i i e e e e e e e e e
Non-ORUBatteries . .. ... ... .0ttt e
MechanicalAssembly . .. .....................
Switches/Controls . . ... ... ... ... ..........
Power Switches/Controls . . ... ... ... .. ... ......
Power Driven Equipment Control Requirements . .. ... ...
Ground Fault Circuit Interrupters (GFCI) . . . ... .. ... ..
Leakage Current Design Requirements . . . ... ... ... ...
Chassis Leakage Current . . . . . . . . .. ... v v ...
Chassis Leakage Current-Nonpatient Equipment . . . . .. . ..
Chassis Leakage Current-Patient Care Equipment . . .. ... ..
Crewmember Applied Current . . . .. ... ...........

Leakage Current - Patient Care Equipment - Patient Connection
Isolated . . . ... ... ... e e e

Leakage Current - Patient Care Equipment -
Patient Connection - Ordinary . . .. ... ... .. ... ...

Health Maintenance System Instrumentation Grounding . . . . .
Countermeasure SYste€In . . . . . . . . ¢ v e v b et e ..

Portable Medical Instrumentation . . . . . . . ¢ . . v v v .. ..

Bioinstrumentation System Microshock Protection . . .. ... ..

6-15
6-15
6-15
6-15
6-15
6-15
6-15
6-16
6-16
6-16
6-16
6-17
6-17

6-17

6-19

6-19
6-19
6-19
6-19

6-19

TO‘IIChTelIIPEI'atlll'e ......--....--...u..6-20

Introduction . . . . . . . . s e e e e e e e e e e e e e e e

6-iii

6-20



6.5.2
6.5.3
6.6
6.6.1
6.6.2
6.6.3
6.6.3
6.6.3.1.1
6.6.3.1.2
6.6.3.2
6.6.3.2.1
6.6.3.2.2
6.6.3.2.3
6.6.3.3
6.6.3.4
6.7

6.7.1
6.7.2
6.7.3
6.7.4

6.7.5

Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B
Touch Temperature Design Considerations . . . . . . . ... ... 6-20
Touch Temperature Design Requirements . . . .. ... .. ... 6-21

FIRE PROTECTION AND CONTROL e v e e 621

Introduction . . . . . . . . v i i it e e e e e 6-21
Fire Protection and Control Design Considerations . . . . ... .. 6-21
Fire Protection and Control Design Requirements . . . ... ... 6-23
General Requirements . . . .. ... ... ... ... 6-23
Fire Protection Systermn . . . . . . . . .« v i v vttt 6-23
Material Selection . . . . . ... ... . . i . 6-23
Detection Requirements . . .. . .. . v v v v v i v vt e v 6-23
Detection System Signals . . ... .. ... .. ... 6-23
Resetand Self-test . . . . . . . v v vt i i vt 6-23
SensorReplacement . . . . .. ... . ..ttt 6-23
Warning System Requirements . . . . . .. .. ... ... 6-23
Extinguishing Requirements . .. .. .. .. ... .. ... 6-23

DECOMPRESSIONHAZARDS 5 % ¢ & & @& & & & s s & a2 s 6-24

HypoXia . . . v v v v i o e i e e e e e e e e e e e 6-24
Decompression Sickness . . . . . . .. .0 o0 e ot 0 6-24
GasexXpansion . . . . . . . . . i i u e e e e e e e e e 6-24
Short Duration EXposure . . . . . .« v v v v v v v o v v s 6-24
Vaporization of TissueFluids . . . . . ... ... ... .. .... 6-24

6-1v




Downloaded from http://www.everyspec.com

NASA-STD-3000/VOL.I/REV.B

6.0 CREW SAFETY
{A}

6.1 INTRODUCTION
[A}

This section is not intended to be a com-
prehensive guide to manned spacecraft safety.
It deals only with general safety considera-
tions and requirements and a specialized sub-
set of the total safety problem. This
specialized subset addresses only the follow-
ing topics: 1) mechanical hazards; 2) electri-
cal hazards; 3) thermal hazards; and 4) fire
hazards.

Other safety topics are covered in the topi-
cal sections on human performance (Section
4.0), natural and induced environments (Sec-
tion 5.0), health management (Section 7.0),
architecture (Section 8.0), workstations (Sec-
tion 9.0), hardware and equipment (Section
11.0), maintainability (Section 12.0), and
EVA (Section 14.0).

An exhaustive treatment of general system
safety is given in AFSC Design Handbook 1-6
(Reference 21). The appendices of the Space
Station Crew Safety Alternatives Study (Ref-
erence 42) provide an exhaustive treatment of
crewmember safety requirements.

6.2 GENERAL SAFETY
{A)

6.2.1 Introduction
{A}

This section briefly describes some of the
principles of system design and human be-
havior related to safety and provides general
safety requirements.

6.2.2 General Safety Design
Considerations
(A}

Two primary considerations in crew safety
are prevention of the following:

a. System failures affecting the
health/safety/survival of the crew.

b. Design-induced crew errors causing
crew injury or damage to the system,

6.2.2.1 Safety Factors
(A}

Safety factors shall be given major con-
sideration as a part of system design. Apply-
ing adequate factors of safety in the design of
systems such as unpressurized and pres-
surized structural subsystems, assures systems
will not fail under expected operating loads.

6.2.2.2 Crew Induced Accidents
{A}

The probability of occurrence of crew-in-
duced accidents is directly related to some
principles of human behavior that result in
human errors that might be committed during
operation and maintenance of equipment.
Some of these human behavior principles are
listed below as an aid to equipment designers
(see references 15 and 21 for a more detailed
discussion of these principles). These prin-
ciples provide answers to why people make
errors, misuse equipment, and make unsafe
judgements.

a. Equipment design that exceeds the
physical and psychological limits of
human capability can create situations
where the likelihood of accidents is high,

b. Any design that makes crewmembers
work harder because of the physical re-
quirements of the work situation is likely
to promote fatigue and increase error.

¢. When crewmembers must perform tasks
in inadequate facilities or without proper
information, errors are likely to occur.

d. When design results in tasks that are
unpleasant or complex, crewmembers
may not devote sufficient time and atten-
tion to attain satisfactory performance.,
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e. Crewmembers are less likely to perform
tasks as frequently if they are aware the
task is hazardous.

f. If equipment is insufficient or inade-
quate, crewmembers will modify it, or im-
provise, so they can get the job done.

g. Procedures should be definitive, com-
prehensive, and as accurate as possible,

h. Equipment must be designed so that it
encourages safe use, allowing a minimum
opportunity for the crewmembers to be
exposed to hazards.

i. If the equipment is designed so that it
does not operate in ac:cordaan‘g/»gla the
crewmember’s expectancies; hie will even-
tually make an error. -

j. If hazards are designed into the equip-
ment, warning notes in the technical
manual, or warning labels on the equip-
ment, special instructions and special
training will reduce, but may not com-
pletely eliminate the possibility of human
error.

In summary, the designer should remem-
ber that most safety problems are the result of
the equipment not being designed properly
and/or people using it improperly. The desig-
ner must, therefore, anticipate how equip-
ment might be misused and design it so that
misuse is less likely and error effects are not
catastrophic.

6.2.3 General Safety Design Require-
ments
A}

The following general minimum safety re-
quirements shall apply:

a.General Safety Design - Design shali refiect
applicable system and personnel safety fac-
tors, including minimization of potential
human error in the operation and main-
tenance of the system.

6-2

b. Fail-Safe Design - A failure tolerant design
shall be provided in areas where failure can
disable the system or cquse a catastrophe by
damaging equipment, injuring crewmembers,
or caqusing critical equipment to be operated
at undesirable times.

c. Elimination or Minimization of Hazards -
Design actions to eliminate or minimize a
hazard shall be conducted in the following
order of precedence. This hazard reduction
sequence shall apply to all nominal and con-
tingency (e.g., planned maintenance or
repair) equipment operations.

1. Design - Elimination of hazards by
removal of hazardous sources and opera-
tions by appropriate design measures.

2. Safety Devices - Prevention of
hazards through the use of safety devices
or features.

3. Warning Systems - Control of hazards
through the use of warning devices.

4. Special Procedures - Control of
hazards through the use of special proce-
dures.

6.3 MECHANICAL HAZARDS
(A}

6.3.1 Introduction
{A}

This section provides the design con-
siderations and design requirements for
designing IVA hardware to avoid safety
problems with burrs, edges, corners and
protrusions.

(Refer to Paragraph 14.1.3, EVA Safety
Design Requirements, for related EVA re-
quirements.)
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6.3.2 Mechanical Hazards
Design Considerations
{A}

Sharp surfaces or protrusions include sur-
faces, edges, crevices, points, burrs, wire ends,
screw heads, corners, brackets, rivets, braided
cable, cable fittings, cable strands, clamps,
pins, latches, lap joints, bolt ends, lock nuts,
etc., which, if contacted, could injure crew-
members or damage equipment by entrap-
ment, cutting, sawing, abrading, snagging,
tearing or puncturing.

These hazards will be avoided if the above
equipment is mounted/installed so that it does
not interfere with crewmember movement in
habitable areas, transfer corridors and tun-
nels, hatchways, or external surfaces of equip-
ment within the habitable space. Items that
must be grasped by the bare hands, or that
could puncture a space suit, must be free from
hazards.

(Comply with Surface Finish Require-
ments found in ANSI/ASME/B46.1-1985.)

6.3.3 Maechanical Hazards Design
Requirements
{A}

Design requirements for the elimination of
burrs, corners, edges, protrusions, pinching,
snagging, and cutting for IVA are given in this
section:

(Refer to Paragraph 14.1.3, EVA Safety Re-
quirements, for comparable EVA require-
ments.)

6.3.3.1
ments
(A}
a. Edges with which the crew can come in
contact, 6.4 mm (0.25 in.) thick or greater
shall be rounded to a minimum radius of 3.0
mm (0.12 in.) as shown in Figure 6.3.3.1-1.

Corner and Edge Require-

b. Edges with which the crew can come in
contact, 3.0 to 64 mm (0.12 10 0.25 in.)
thick shall be rounded to a minimum radius
of 1.5 mm (0.06 in.} as shown in Figure
6.3.3.1-2.

c. Edges with which the crew can come in
contact, 0.6 10 3.0 mm (0.02 t00.12 in.)
thick shall be rounded to a full radius as
shown in Figure 6.3.3.1-3.

d. The edges of thin sheets less than 0.5 mm
(0.02 in.) thick shall be rolled or curled as
shown in Figure 6.3.3.1-4.

6.3.3.2
ments
{A)
a. Exposed corners of materials less than 25
mm (1.0 in.) thick shall be rounded to a min-
imum radius of 13 mm (0.5 in.), as shown in
Figure6.3.3.2-1.

Exposed Corner Require-

b. Exposed corners of materials which ex-
ceed 25 mm (1.0 in.) thickness shall be
rounded to 13 mm (0.5 in.) spherical radius,
as shown in Figure 6.3.3.2-2.

6.3.3.3 Protective Covers on Exposed
Protrusions Requirements
{A}

Equipment which cannot meet corner and
edge requirements of 6.3.3.1 and 6.3.3.2 shall be
covered or shielded when not in use.

6.3.3.4 Holes Requirements
{A}

Holes that are round or slotted in the range
of 10.01025.0 mm (0.4 to 1.0 in) shall be covered.

6.3.3.5 Latches Requirements
{A)

Latches which pivot, retract, or flex such that
a gap of less than 25 mm (1.4 in.) exists shall be
designed to prevent entrapment of crewmember
appendages.
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3.0mm {(0.12in)
minimum radius

¢ )

t6.4 mm {0.25 in)
or greater

MSIS 4
Rev. A

Reference: 1, Figure 3.5-1, page 3.5-10
15B, page §-31

Fgure £331-1 Requirements for Rounding
Exposed Edges 6.4 mm
(0.25 in) Thick or Thicker

05 to 3.0 mm
{ (0.02 to 012 in)

Full radiu:\

Reference: 1, Figure 3.5-3, page 3.5-11
155, page 6-31
With Updates

Figure £331-7 Requirements for Rounding
Exposed Edges 0.5 to
3.0mm (0.02 to 0.12in.} Thick

A

MSIS 6
Rev.

6-4

15mm (005in.)
* minimum radius /

§ ]
[ 3.0t0 6.4 mm 04
{0.12 t0 0.25 in) o .
-
Reference: 1, Figure 3.5-2, page 3.5-11 gé

158, page 6-31

Figure £337-2 Requirements for Rounding
Exposed Edges 3.0 to 6.4 mm
(0.12 to 0.25 in) Thick

Less than 0.5 mm
{0.02 in)

— L)\_-"
Rolled or curled

Reference: 1, Figure 3.54, page 3.5-11
With Updates

MSIS 7
Rev. A

Figure 6.331-4 Requirements for Curling
of Sheefs Less Than 0.5mm
{0.02in.) Thick
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13 mm {0.5 in)
radius

Fulito 3.0 mm

Y4

(0.12 in} radius @
Thickness less than — 0 3
25 mm {1.0 in) L

Reference: 1, Figure 3.5-5, page 3.5-11
158, page 6-32

Requirements for Rounding of
Corners Less Than 25 mm
{1.0in) Thick

6.3.3.6 Screws and Bolts Require-
ments
{A)

Screws or bolts with more than two exposed
threads shall be capped to protect against the
sharp threads.

6.3.3.7 Securing Pins Requirements
{A)

Securing pins in handrails shall be designed
to prevent their inadvertently backing out above
the handhold surface.

6.3.3.8 Levers, Cranks, Hooks, and
Controis Requirements
(A}

Levers, cranks, hooks, and controls shall not
be located where they can pinch, snag, or cut the
crewmember or clothing.

6.3.3.9 Burrs Requirements
{A}
Exposed surfaces shall be free of burrs.

13 mm {0.5in)
Spherical radius

/

Thickness greater
than 25 mm (1.0 in)

Full to 3.0 mm
(0.12 in) radius

Reference: 1, Figure 3.5-6, page 3.5-11
156, page 6-32

Flgure 6.3.3.22. Reéquirements For Rounding
of Corners Greater Than
25 mm (10in} Thick

6.3.3.10 Mechanically Stored Energy
Requirements
{A)

Mechanical devices capable of storing energy
(such as springs, levers, and torsion bars) shall be
avoided in spacecraft design. Bungee cords are
acceptable.

a. Safety Features - Where stored energy
devices are necessary, safety features such as
removal tabs, locks, protective devices, and
warning placards shall be provided.

b. Stored Energy Release - Spring-loaded
devices (i.e., bungee restraints) shall provide
means for releasing stored energy forces.

¢. Backlash - Stored energy devices shall not
generate a backlash.

d. Locking Wires - Refer to 11.9.32 h gnd
119.33..

MSIS 9
Rev. A
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6.3.3.11 Loose Equipment

(A}
See Figure 6.3.3.11-1 for data regarding
loose equipment edge and corner radiusing
requirements.

6.3.4 Non-Exposed Edges and
Corners
{A)

All edges and corners of hardware exposed to
crew contact during maintenance or servicing
shall be rounded to a minimum radius of 0.603
inch.

6.4 ELECTRICAL HAZARDS
{A}

6.4.1 Introduction
{A}

This section contains the design con-
siderations and design requirements for
protection of crewmembers from electrical
hazards. This section does not include con-
siderations or requirements that pertain to
protection of hardware from electrical
hazards.

Mass (Kg) Edge radius (mm) Corner radius {(mm)

0.0 to 0.25 0.3 0.5

0.25 to 0.5 0.8 1.5

0.5 to 3.0 1.5 3.5

3.0 to 15.0 3.5 7.0

15.0 to 50.0 3.5 13.0

Mass (1b) Edge radius (in) Corner radius {in)

0.0 to 0.5 0.01 0.02

0.5 to 1.1 0.03 0.06

1.1 to 6.6 0.06 0.14 o

6.6 to 33.0 0.14 0.3 ¥ q

33.0 to 110.0 D.14 0.5 uﬁ':'
-

Reference: 381

Figure 6.3.311-1 Loose Equipment Edge and Corner Radiusing

Requirements
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6.4.2 Electrical Hazards Design
Considerations
(A}

Controls must be in place such that no
single failure can allow a critical hazardous
event {e.g., nondisabling injury to personnel),
and no two failures can allow a catastrophic
hazardous event (e.g., disabling or permanent
injury to personnel). Implied is that two
failures can allow a critical hazardous event to
occur.

For electrical hazards, a crew/machine in-
terface critical hazardous event is an event
which can subject the crew to an electric
shock.

If, however, the failure can result in a
hazardous event causing other than a nondisa-
bling injury (e.g., inability to let go of the
electrically energized surface, stoppage of
breathing, ventricular fibrillation of the heart,
electric burns, or paralysis), the hazard is clas-
sified as catastrophic.

6.4.2.1 Hazard Controls For
Crew/Machine Interface
{(A)

The design should consider the effects of
a worst case, credible, hazardous scenario in-
cluding the highest internal voltage applied to
or generated within the equipment under
analysis. The scenario should take into ac-
count the potential for a "smart" short to an
accessible conductive surface (or a surface
likely to become electrically energized upon
encountering a fault) such that the fault cur-
rent supplied to the conductive surface is in-
ternally limited to be below the trip point of
the overcurrent protector. It also should take
into account the waorst case physiological ef-
fect of frequency and wave form associated
with the “smart" short.

Once the worst case scenario is identified,
an electrical shock hazard classification of
critical versus catastrophic is made and ap-
propriate controls are utilized. If the clas-
sification is marginal or unclear, a

6-7

conservative position is taken with the hazard
classified as catastrophic until proven other-
wise. Avionics equipped with three electrical
shock hazard controls need only be assessed
for the independence of these controls.

6.4.2.1.1 Hazard Control Selec-
tion
{A}

Hazard controls for electric shock at the
crew/machine interface must be independent
controls (i.e., no single equipment failure or
event can eliminate a control, and no single
control failure, event, or environment can
eliminate more than one control).

Typical methods of implementing these
hazard controls include the use of:

1. safety (green) wire.
2. bonding,

3. insulation around electrically ener-
gized surfaces and conductive surfaces
likely to become electrically energized
upon experiencing a fault within the
equipment,

4. barriers to electrically energized
surfaces and conductive surfaces likely
to become electrically energized upon
experiencing a fault within the equip-
ment, and

5. a ground fault interrupter (i.e., a
device through which power is applied
to the equipment wherein the device
continuously monitors the difference
between the current applied power
applied upon detecting a difference in
current beyond a preset threshold, the
difference in current presumed to have
been undesirably returned through
ground).
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As long as controls remain independent,
two similar methods of hazard control may be
utilized. For example, double insulation in
which an insulation system comptised of basic
insulation and supplementary insulation with
the two insulations physically separated and
so arranged that they are not subjected to the
same deteriorating influences (i.e., failure,
event , or environment) could represent two
controls.

It should be noted that terrestrially,
three(3) controls are frequently used. For
example, hair blowers are typically fabricated
with double insulated enclosures and derive
power through fixed ground fault interrup-
ters; many power tools are double insulated
and frequently derive power through fixed or
portable ground fault interrupters; and many
power tools are double insulated, have a safety
(green) wire, and frequently derive power
through fixed or portable ground fault inter-
rupters (4 controls).

6.4.2.2 Hazard Classification -
Physiological Considerations
(A)

In order to classify a hazard as critical
versus catastrophic, the physiological effects
of electric current must be known. Included
within these effects is the body impedance

which appears to change non-linearly with
varying voltages. In addition, a physiological
effect of current through the skin is that the
hands will not remain dry; skin will perspire
at the point of contact with an electrically
energized surface. Test reports form several
independent investigators indicate that
minute cuts or punctures that may be difficult
to visually locate can greatly reduce the resis-
tance of the skin by acting as "short circuits"
through the skin. Therefore, conservative
analysis should assume that the body contact
areas are wet (i.e., skin resistance is negli-
gible).

Most of the internal body resistance is
attributed to the joints (wrist: 250 ohms;
elbow: 150 ohms; shoulder: 100 ohms; knee:
100 ohms; ankle: 250 ohms; neck: 50 ohms;
torso length: 100 ohms). Also reported is that
people with long body parts appear to have
higher body impedance than those with
shorter body parts, and people with strong
musculature generally have less body im-
pedance than those who have weak muscula-
ture. Figure 6.4.2.2-1 shows the approximate
value of internal body resistance with contact
through the torso with different parts of the
body.

HAND ARM TORSO LEG FOOT

HAND 1000 700 600 750 1100

ARM 700 400 300 450 800

TORSO 600 300 100 250 600
LEG 750 450 250 300 650 |2
FOOT 1100 800 600 650 1000 [2%

Reference: 403

Figure 6.4.2.2-1

Internal Body Resistance, OHMS

6-8
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6.4.2.2.1 Catastrophic Hazard
Classification
{A}

The injurious physiological effects of the
passage of electric current through the human
body include the inability to let go of the
electrically energized surface, stoppage of
breathing, ventricular fibrillation of the heart,
electric burns, and paralysis. The stoppage of
breathing and paralysis are not the critical
physiological effects if the limits for let-go and
ventricular fibrillation, is totally disabling,
and, if allowed to continue, can resultin a fatal
injury, let-go is the current threshold used to
classify hazards as catastrophic.

The let-go current threshold is the current
above which a person will be unable to release
his/her grip on the electrically energized sur-
face because of involuntary muscle contrac-
tions. The threshold current for let-go is
affected by the physical characteristics of the
body, and the frequency and wave shape of
the current.

The 99.5 percentile rank recommended
limits for direct current are 60 milliamperes
(mA) for a man, 40 mA for a woman, and 30
mA for a child. For sinusoidal current at
power line frequencies, the recommended
limits are 9 mA root-mean-square {rms) for a
man, 6 mA rms for a woman, and 4.5 mA rms
for a child. Complex wave forms significantly
decrease these recommended limits. As the
frequency of the current is increased, the
recommended current is increased.

If the exposure is expected to be limited to
adults, the recommended limits for a woman
is used. If the exposure might include children,
the recommended limits for a child is used.

For many nonsinusoidal waveforms, the
parameter of the current that is used for estab-
lishing limits is the peak value of the waveform
instead of the rms value or the average of the
rectified waveform. For waveforms consisting
of both alternating current and direct current
components, the recommended limit becomes
more complex, and as either component ap-

6-9

proaches zero, the limit of the other com-
ponent approaches the limit of the component
alone.

In addition to using the let-go current
threshold as a means of determining the num-
ber of hazard controls required to control the
identified hazard, it is also used in the design
of hazard controls that are current sensitive.

As an illustration, assume that a ground
fault interrupter was designed to trip in 25
milliseconds with a 60 mA direct current trip
threshold. Assume that the current conducted
through the crewperson as the result of the
open safety (green) wire was 58 mA direct
current . The ground fault interrupter would
not trip since the current was below its
threshold. If the crewperson was a man, he
would probably be able to let go, but if the
crew person was a woman, there is a sig-
nificant risk (p ~ 75%) that she would not be
able to let go, and barring intervention by
another crewperson, might be in serious
jeopardy.

Clearly, this ground fault interrupter
should be designed to trip on a current
threshold as low as possible without introduc-
ing false tripping due to leakage currents or
transients. In addition, the selection of let-go
current threshold must take into account the
power frequency, frequencies superimposed
on the power form the power system itself,
and frequencies that might be superimposed
on the power system form the load attached
to the ground fault interrupter both normally
and as the result of a fault.

System response time, including the
period from detection through power
removal, must be evaluated so as to ensure
rapid power removal {perhaps, within 25 mil-
liseconds) upon encountering the fault cur-
rent which might be exceeding the let-go
threshold. Even at a level slightly above the
let-go threshold, the crewperson is at risk for
prolonged exposure.
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Figure 6.4.2.2.1-1 is a compiled chart of
let-go current thresholds and includes the
results of composite waveform test. Figure
6.4.2.2.1-2 graphically describes the com-
posite waveforms.

6.4.2.3 Bioinstrumentation
{A)

Biocinstrumentation should be designed to
consider the interactions among several
bioinstruments when multiple equipments are
simultaneously connected to the same crew-
person.

For invasive bioinstrumentation, the
design should consider the effects of fluids
contacting energized electrical surfaces (e.g.,
blood or saline leakage to an intravenous pres-
sure transducer). It has been demonstrated
that a current gradient, precipitated particles,
and gas bubbles can be rapidly generated
within the fluid when the fluid is exposed to
voltages (i.e., test used just 5 volts direct cur-
rent). The concern with the particles and gas
bubbles is the possibility of migration to the
crewmember’s circulatory system, and the
concern with the current gradient is the pos-
sibility of inducing ventricular fibrillation.

6.4.2.4 Leakage Current Verifica-
tion
{A}

Hazard analysis for avionics which exhibit
leakage currents below the threshold of per-
ception may consider leakage current design
control as an electrical hazard control for criti-
cal hazards.

The physiological response to the percep-
tion of current is frequency sensitive, A rela-
tively precise method of verifying that leakage
currents are below the threshold of perception
entails the use of spectrum analysis to deter-
mine the root-mean-square {(rms) current for
each frequency component of the leakage cur-
rent. An analysis is then performed to assure
that these components are below the
threshold of perception individually and in
combination.
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An alternate technique utilizes a simple,
"GO/NO-GO" method to verify the leakage
current levels. Utilizing a true rms voltmeter
in conjunction with a resistor/capacitor net-
work which synthesizes the human threshold
of perception characteristics, the analysis
reduces to determining if the total avionic’s
leakage current as evidenced by the true rms
voltmeter indication exceeds the maximum
permissible level.

6.4.3 Electrical Hazards Design
Requirements
(A}

Equipment design shall protect the crewmem-
bers from electrical hazards.

In designing to minimize electrical shock
hazards, controls shall be incorporated such that
if the worst case credible failure can result in a
crewmember exposure that:

a. is below the threshold for shock (i e., below
maximum leakage current and voltage re-
quirements as defined within this Section), no
control shall be required;

b. exceeds the thresholdfor shock and is below
the threshold of let-go (critical hazard) as
defined in Figure 6.4.3-1, two independent
controls (e.g., a safety green) wire, bonding,
insulation, leakage current levels below max-
imum requirements ( shall be required such
that no single failure, event, or environment
can eliminate more than one control.; or, .
exceeds the threshold of let-go (catastrophic
hazardous event), three independent controls
sholl be reguired.

If two independent controls are provided the,
physiological electrical shock effect of the com-
bination of the highest internal voltage applied to
or generated within the equipment and the fre-
quency and wave form associated with a worst
case credible failure that can be applied to the
crewmember shall be below that threshold of let-

go.
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LET-GO CURRENTS (mA)
(99.5 Percentile Rank)
WAVE MEN WOMEN
FORM AC (rms) DC AC crest | AC (rms) DC AC crest
{Im) {im)
DC 60.0 40.0
Sinusoid:
bHz] 14.5 9.6
10 Hz 9.8 6.5
15-70 Hz 9.0 6.0
180 Hz| 10.4 6.9
500 Hz] 11.0 7.3
1 kHz{ 13.7 9.1
2.5 kHz| 20.0 13.3
5 kHz| 29.3 19.5
10 kHz 55.3 36.9
COMPLEX3
{60 Hz sine
with DC):
Sine 0 12.7 0 8.4
25% offsat 15.5 3.9 10.2 2.6
50% offset 10.9 5.4 7.2 3.6
141% offset 5.8 8.2 3.8 5.4
Rectified :
Half wave 3.9 8.2 2.5 5.5
Full wave 9.8 5.6 6.5 3.7

Refersnce: 403
NOTES:

1. For adults, let-go current limits are those shown for women.

2. If children might be exposed to the hazard, let-go current limits are 172 those

shown for

men.

3. Refer to Figure 65.4.2.2.1-2 for graphical descriptions.

Figure 6.4.2.2.1-1 [et-Go Current Thresholds
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AC crest = IM = 0.51DC
50 percent Offset Wave

I

IM Ipc

Y
. \ /
i

AC crest=IM=2.14 IDC
Rectified Half Wave

v \_/
\V

AC crest = IM =1.414 IpC
141 percent Offset Wave

/IDc W \
AC crest = IM=0.571 IbC
Rectified Full Wave

Refsrence: 403

MSIS505
Rev. B

Figure 6.4.2.2.1-2 Complex Waveforms With DC Components
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(Based on 99.5 Percentile Rank of Adults)
Frequency Max Total Peak Current
(Hertz) (ac + dc components combined)
milliamperes
DC 40.0
15 85
2000 8.5
3000 13.5
4000 15.0
5000 16.5
6000 17.9
7000 19.4
8000 20.9
9000 22.5 =
>10000 24.3 & .
= el

Reference: 404

Figure 6.4.3-1 Let-Go Gurrent Profile, Threshold
Versus Frequency

Non-patient equipment with internal voltages
not exceeding 30 volts rms (root-mean-squared)
shall be considered as containing potentials below
the threshold for electrical shock.

If the classification of the hazard is marginal
or unclear, three independent hazard controls
shall be required.

6.4.3.1 Grounding
{A}

All electrical powered equipment external,
non-isolated metal parts subject to user contact
shall be at ground potential. A permanent bond-
ing means shall be provided to facilitate the con-
nection of metal parts to ground prior to the
connection of any electrical signals or power. A
permanent bonding means shail be provided to
facilitate the removal of all electrical signals and
power prior to the removal of metal parts from
ground.

6-13

Grounding conductors internal to an ORU
shall be secured internally to the ORU's meral
enclosure by means of a fastening technique un-
likely to be removed during any servicing opera-
tion. Solder alone shall not be used for securing
the grounding conductor.

Each grounding or bonding means shall be
capable of conducting the maximum ground fault
currentamplitude and durationwhichmightoccur
as the result of discharges (static, plasma, etc.),
induced RF voltages, internal power-faulied
equipment and accidental short circuits.

All grounding shall conform to the vehicle’s
grounding requirements.

6.4.3.1.1 Hinged or Slide
Mounted Panels and Doors
Grounding
{A)

Hinges or slides shall not be used for ground-
ing paths. A ground shall be considered satisfac-
tory if the electrical connection between the
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conductive door or panel, in both the open and
closed position, and the equipment tie point ex-
hibits a resistance of less than 0.1 ohms and has
Sufficient ampacity to insure the reliable and im-
mediate tripping of associated equipment over-
current protection devices.

6.4.3.2 Electrical Bonding
{A}

On-orbit electrical bonding shall meet the
vehicle's requirements for electrical bonding to
prevent damage to the vehicle or injury to crew-
members due to discharges (static, plasma, etc.),
induced RF voltages, internal power-faulted
equipment, and accidental short circuits. Each
independent bonding path is considered a hazard
control for electrical shock.

6.4.3.3 Protective Covers
{A)

Equipment shall provide grounded or non-
conductive protective covering for all electrical
hardware. These coverings shall protect against
inadvertent contact from foreign object entering
electrical junctions, and moisture accumulation.

6.4.3.4 Interlocks
{A)

Equipment access doors or covers shallincor-
porateinterlocks toremove all potentials in excess
of 150 V when open.

6.4.3.5 Warning Labels
{A)

Warning labels shall be provided where inad-
vertent contact with electrical potentials are haz-
ardous to crewmembers. Warning labels shall
comply with the requirements in Section 9.5.3
Labeling and Coding Design Requirements

6.4.3.6 Warning Labels Plus Recessed
Connectors
{A}

Provide warning labels and recessed connec-

tors or other protective measures where potentials
exceed 150V,
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6.4.3.7 Plugs and Receptacles
{A)

Plugs and receptacles shall meet the require-
ments of Section 11.10 Connectors. In addition:

a. Plugs and receptacles (connectors) shall be
selected and applied such that they cannot be
mismated or cross-connected in the intended
system as well as adjacent systems. Although
required, the use of identification alone is not
sufficient.

b. Connectors shall be selected and applied
such that they have sufficient mechanical
protection to mitigate inadvertent crewmem-
ber contact with exposed electrical contacts.

¢. Connectors shall be specifically designed
and approved for mating and demating in the
existing environment under the loads being
carried, or connectors shall not be mated or
demated until voltages have been removed
(dead-faced) from the powered side(s) of the
connectors.

6.4.3.8 Insulation
{A}

All materials shall meet the vehicle’ s require-
ments for materials and processes. In addition:

a. All exposed electrical conductors and ter-
minations shall be insulated.

b. The crew shall be protected from electrical
hazards when utilizing tools within 24 inches
aof exposed electrical potentials.

6.4.3.9 Portable Equipment/Power
Cords
(A}

A groundfault circuitinterrupter (GFCI) used
in conjunction with a portable equipment shall be
considered as one hazard control. Non-battery
powered portable equipment shall incorporate a
three-wire power cord with one wire at ground
potential. A system of double insulation or its
equivalent, when approved by the procuring agen-
cy, may be used without a ground wire.
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6.4.3.10 Moisture Protection
{A}

Equipment shall be designed so that moisture
collection will not present a safety hazard to the
Crew.

6.4.3.11 Static Discharge Protection
{A}

Equipment shall be designed so that the crew-
members are protectedfrom static charge buildup.

6.4.3.12 Overload Protection

{A}
a. The functioning of an overload protective
device shall not result in afire, electric shock,
or crewmember injury.

b. An overioad protective device shall not be
accessible without opening a door or cover.
Exception: The operating handle or operat-
ing button of a circuit breaker, the cap of an
extractor-type fuseholder, and similar parts
may project outside the enclosure.

¢. The arrangement of extractor-type
Juseholders shall be such that no energized
parts are exposed at any time during fuse
replacement.

d. Overload protection (fuses and circuit
breakers) intended to be manually replaced or
physically reset on-orbit shall be located
where they can be seen and replaced or reset.

e. Each overload protector (fuses and circuit
breakers) intended to be manually replaced or
physically reset on-orbit shall be readily iden-
tified or keyed for its proper value.

f. Overload protection shall be designed and
rated for on-orbit use including the maximum
environmental range expected as the result of
contingencies.

6.4.3.13 Batteries
(A}
Unless intentionally designed for the purpose,
batteries shall notbe connected to or disconnected
form a current drawing load. Batteries and their
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utilization will conform to the requirements of JSC
20793, Manned Space Vehicle Battery Safety
Handbook, and JPL 86-14, The NASA Aerospace
Battery Safety Handbook.

Batteriesibattery packs with potentials above
30 volts dc (direct current) shall provide hazard
controls as specified in Section 64.3.

6.4.3.13.1 Non-ORU Batteries
(A}

Non-ORU batteries shall be disconnectable
and removable without special equipment.
Mounting provisions shall ensure retention for all
service conditions. Polarity of the battery ter-
minals shall be prominently marked or battery
terminal connections shall be polarizedtomitigate
erroneous installation.

6.4.3.14 Maechanical Assembly
(A}

A switch, fuseholder, lampholder, attachment
plug receptacle, or other energized component
that is handled by a crewmember shall be
mechanically held (not relying on friction alone)
to prevent turning in its mounting panel.

The mounting of components to a printed
wiring board and the mounting of the printed
wiring board itself shall be such that any forces
that might be exerted on the components or board
will not displace the components or deflect the
board so as to produce an electric shock or fire.

6.4.3.15 Switches/Controls
(A}

Switches/controls shall be designed such as to
prevent unplanned hazardous manual or auto-
matic operation. Switches/controls which provide
automatic starting after an overload initiated shut-
down shall not be employed.

6.4.3.15.1 Power Switches/Controls
{A)
Switchesicontrolsperforming ON/OFF power
Sfunctions shall open or dead-face all supply circuit
conductors except the power return and the equip-
ment grounding conductor while in the power
OFF position.
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Power OFF markings and/or indications shall
only be used if all parts, with the exception of
overcurrent devices and associated EMI filters,
are disconnected from the supply circuit.
STANDBY, CHARGING, or other appropriate
nomenclature shall be used to indicate that the
supply circuit is no t completely disconnected for
this power condition.

6.4.3.16 Power Driven Equipment
Control Requirements
{A}

Ifarisk of injury to a crewmember or damage
to equipment can result from the motion of power
driven equipment:

a. the controls for that mechanism shall be
of a reversible type and shall not continue
operation of the moving part in the same
direction when a switch readily accessible
to that crewmember is activated to initiate
operation in the other direction, or

b. the power driven equipment shall be
mechanically constructed such that the in-
Jurous forces are immediately removed by
activation of a switch readily accessible to
that crewember.

6.4.3.17 Ground Fault Circuit Interrup-
ters (GFCI)
{A}

A non-portable utility outlet intended to supp-
ly power to portable equipment shall include a
GFCI, as an electrical hazard control, in the
power path to the portable equipment. GFCI trip
current detection shall be independent of the port-
able equipment’ s safety (green) wire.

GFCI will be designed to trip below the
threshold of let-go based upon the 99.5 percentile
rank of adults. Non-portabie utility outlets supply-
ing power to portable equipment shall include a
GFCI with trip point characteristics such that
tripping will not exceed the currents specified in
the profile shown in Figure 6.4.3-1,

6-16
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Ground fault circuit interrupters that depend
upon the analysis of current shall remove power
within 25 milliseconds upon encountering the fault
current.

GFCI shall provide an on-orbit method for
testing trip current detection threshold at a fre-
quency within the maximum human sensitivity
range of 15 to 70 Hertz,

6.4.3.18 Leakage Current Design
Requirements
{A}

Non-patient equipment with internal voltages
not exceeding 30 volts rms (root-mean-squared)
and non-patient equipment incorporating three
independent hazard controls (excluding non-
patient equipment incorporating leakage current
as acontrol) shall not be required to verify leakage
current design requirements.

For designs using leakage current as a con-
trol, verification of leakage current design re-
quirements shall be accomplished suing the
network shown in Figure 6.4.3.18-1. The leakage
current (milliamperes) shall be computed as the
voltage (volts) measured across the network in
series with the grounding conductor (for chassis
leakage current), or in series with the crewmem-
ber connection lead (for ordinary patient connec-
tion leakage current), divided by 1000. For
isolated patient connection lead leakage current,
a non-inductive, 1000 ohm resistor shall replace
the network shown in Figure 6.4.3.18-1 for this
measurement.

6.4.3.18.1 Chassis Leakage Current
{A}

Crewmembers shall not be exposed to exces-
sive levels of leakage current form direct or in-
direct contact with electrically powered
equipment. Equipment qualification shall include
verification of acceptable chassis leakage cur-
rents as defined within Section 6.4.3.18. Leakage
current test procedures for DC powered equip-
ment shall not include reversed polarity input
power Leslts.
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in circuit connection
&

.

= 0.15

1000
ohms

microfarads

10.2

ohms
NETWORK

True RMS
Voltmeter

04
Ty,

in circuit connection
Reference: 394

Notes:
1. Resistors are non-inductive.

2. VYoltmeter is a true RMS (root-mean-squared) type with frequency bandwidth appropriate for the
frequencies of the voltages bsing measured. Voltmeter frequency bandwidth may be limited to
20 megaHertz (MHz) for equipment-under-test frequencies above 20 MHz.

Figure 6.4.3.18-1 Leakage Gurrent Verification Network

6.4.3.18.1.1 Chassis Leakage Current
- Nonpatient Equipment
(A}

The chassis leakage currents for nonpatient
equipment shall not exceed the values shown in
Figure 64.3.18.1.1-1. Leakage current shall not
exceed 0.700 milliamperes (ma} DC for grounded
nonpatient Equipment, and leakage current shail
not exceed 0.350 ma DC for double insulated
nonpatient Equipment.

6.4.3.18.1.2 Chassis Leakage Current
- Patient Care Equipment
{A)

The chassis leakage currents for patient care
equipment shall not exceed the values shown in
Figure 64.3.18.1.2-1, Leakage current shall not
exceed 0.140 ma DC for grounded patient care
Equipment, and leakage current shall not exceed
0.070 ma DC for double-insulated patient care
Equipment.
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6.4.3.18.2 Crewmember Applied
Current
(A}

Crewmembers shall not be exposed to exces-
sive levels of leakage current from direct or in-
direct contact with electrically powered
equipment. Equipment gualification shall include
verification of acceptable patient connection
leakage currents as defined within Section
6.4.3.18. Leakage current test procedures for DC
powered equipment shall not include reversed
polarity input power test.

The leakage currents for patient care equip-
ment as seen from the patient end of cables or
terminals shall not exceed the values shown in
Figure 6.4.3.18.1.2-1.

Leakage currents shall be tested:

a. lead to ground
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ENCLOSURE OR CHASSIS
GROUNDED DOUBLE INSULATED
DC AC ma DC AC ma |
ma RMS ma RMS R
0.700 0.500 0.350 0.250 |»°
172+
p=p:

Reference: 394, 399

Figure 6.4.3.18.1.1-1 Non-Patient Equipment Maximum
Chassis Leakage Current

PATIENT CONNECTION

ISOLATED ! ORDINARY
Patient DC AC ma DC AC ma
interface ma RMS ma RMS
Iinvasive 0.014 0.010 Not Permitted
Non-invasive 0.0701 0.0501 0.070 0.050

ENCLOSURE OR CHASSIS

GROUNDED DOUBLE INSULATED
Patient DC AC ma DC AC ma
Interface ma RMS ma RMS
Invasive 0.140 0.100 0.070 0.050
Non-invasive 0140 0.100 0.070 0.050

Reference: 394, 349
NOTES:

1. if equipment labeling indicates "isolated," the maximum current is
0.014 ma dc/0.010 ma rms.

Figure 6.4.3.18.1.2-1 Patient Care Equipment Maximum

Leakage Current
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1. between each patient lead and ground,
and

2. between combined patient leads and
ground; and,

b. between leads
1. between any pair of patient leads, and

2. between any single patient lead and all
other patient leads.

6.4.3.18.2.1 Leakage Current - Patient

Care Equipment - Patient Connectlon -

Isolated

{A}
a. Invasive Patient Interface - Isolated,
patient connected, patient care equipment
leakage current shall not exceed 0.014 maDC
for isolated, patient connected, patient care,
Equipment such as intra-aortic pressure
MOnitors.

b. Non-Invasive Patient Interface - Isolated,
patient connected, patient care equipment
leakage current shall not exceed 0.070 ma DC
for isolated, patient connected, patient care,
Equipment such as muscle stimulators utiliz-
ing attached body surface electrodes provided
that equipment labeling does not indicate the
equipment is isolated.

6.4.3.18.2.2 Leakage Current - Patient
Care Equipment - Patient Connection -
Ordinary

{A)

Ordinary, patient connected, patient care
equipment leakage current shall not exceed 0.070
ma DC for ordinary, patient connected, patient
care, Equipment such as blood pressure cuffs,
thermometers, and limb muscle stimulators.,

6.4.3.18.2.3 Health Maintenance Sys-
tem Instrumentation Grounding
{A)

Any two exposed conductive surfaces in the
instrumented crewmember’ s vicinity shall not ex-
ceed a 40.0 millivolt potential difference at fre-
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quencies up to 1000 Hertz or less measured across
a 1000 ohm resistor. conductive surfaces which
can be contacted by an attending crewmember
while the attending crewmember is in contact with
the instrumented crewmember shall be considered
as within the crewmember’ s vicinity.

6.4.3.18.2.4 Countermeasure System
{A]

Any two exposed conductive surfaces in the
instrumented crewmember’ s vicinity shall not ex-
ceed a 40.0 millivolt potential difference at fre-
quencies up to 1000 Hertz or less measured across
a 1000 ohm resistor. conductive surfaces which
can be contacted by an attending crewmember
while the attending crewmember is in contact with
the instrumented crewmember shall be considered
as within the crewmember’ s vicinity.

6.4.3.18.2.5
Instrumentation
(A}

While attached to a crewmember, electrically
powered medical instrumentation shall be:

Portable Medical

a. battery powered,
b. double insulated,
c. electrically isolated from ground, and

d. not connected to vehicle power (e.g., charg-
ing).

6.4.3.19 Bioinstrumentation System
Microshock Protection
{A}

All bioinstrumentation systems shall be
designedwith sufficient series resistancelisolation
to limit to safe levels electrical shock currents that
could flow through an instrumented crewmember
including as the result of:

a. contact with available electric sources, in-
cluding those sources applied by an attending
crewmember’s simultaneous contact with the
instrumented crewmember and other equip-
ment or ground, and
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b. transients that may occur when the
bivcinstrumentation is either energized (turned
ON) or deenergized (turned OFF).

Bioinstrumentation shall be designed with
fault tolerant protection to prevent exceeding the
current limit requirements defined within Figure
6.4.3.19-1.

6.5 TOUCH TEMPERATURE
{Al

6.5.1 Introduction
{A}

This section provides the design con-
siderations and design requirements for sur-
face rouch temperature limits, both the upper
and lower temperature limits, for IVA applica-
tions.

(Refer to Paragraph 14.2.3.11, EVA Touch
Temperature and Pressure Design Require-
ments, for EVA-unique touch temperature
limitations.)

6.5.2 Touch Temperature Design
Considerations
{Al

Definition of surface touch temperature
limits depends on several factors:

a. Temperature of the surface to be
touched

b. Duration of touch

¢. Degree of thermal control
1. Finish on surface
2. Force of contact
3. Size of contact area

d. Diffusivity of the surface touched. Dif-
fusivity is determined by the thermal con-
ductivity divided by the product of the
density of the material times its specific
heat.

Tissue burns can occur when skin
temperature reaches 45°C (113°F). Objects at
temperatures in excess of this can be touched
safely, depending on the variables listed
above, as long as skin temperature is not
raised to this level during the period of con-
tact.

CLASSIFICATION NUMBER OF MAXIMUM CURRENT
FAULTS (milliamperes dc¢/rms)
INVASIVE o 0.014/0.010
{ref. paragraph 6.4.3.18.2.1) 1 0.014/0.010
2 0.020/0.020
NON-INVASIVE o 0.070/0.050
(ref. paragraph 6.4.3.18.2.2) 1 0.140/0.100 -
0.500/0.500 2.
72
%E

Reference: 405

Figure 6.4.3.19-1 Maximum Permissable Bioinstrumentation Fault Currrent
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The lower temperature limits for surfaces
continuously touched by the bare skin are
controlled by the dewpoint and the variables
listed above.

6.5.3 Touch Temperature Design
Requirements
(A}

Surface touch temperature design require-
ments for minimizing crewmember discomfortand
injury are as follows:

a. The design goal for the maximum surface
temperatures which can come into contact
with bare skin shall be 40°C (104°F),

b. The maximum allowable surface tempera-

ture for continuous contact with bare skin
shall be 45°C (113°F).

c. Incidental or momentary bare skin contact
with surface temperatures from 46° - 49°C
(114° - 120°F) is permissible. Warning labels
Shall be provided to alert crewmembers to
these excessive temperature levels. Guards or
insulation shall be provided to prevent crew-
member contact with surface temperatures in
excess of 49°C (120°F). Where contact with
surfaces above this limit is required, adequate
warning labels and protective equipment are
required.

d. For surfaces that must be touched with bare
skin, the minimum temperature shall not be
below 4°C (39°F). Where contact with sur-
faces below this limit is required, adequate
warning labels and protective equipment are
required.

{Refer to Paragraph 14.2.3.11, EVA Touch
Temperature and Pressure Design Requirements,
for EVA-unique touch temperature requirements. )
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6.6 FIRE PROTECTION AND

CONTROL
{A)

6.6.1 Introduction
{A}

This section provides fire hazard design
considerations and requirements that pertain
to the man/system interface. This includes fire
detection and warning, crew interfaces with
fire extinguishing systems, and crew emergen-
cy procedures. Materials selection, sensors,
extinguishing systems are outside the scope of
this document. Users interested in these
topics should refer to Reference 1, Section
3.5.2, and Reference 21, DN3N2.

6.6.2 Fire Protection and Con-
trol Design Considerations
{A}

Fire is one of the most difficult hazards
with which to cope in the aerospace environ-
ment. From the first statement of mission
concept, the interactions between fire hazards
and vehicle configuration must be analyzed
and corrective action initiated during the ini-
tial design phases when cost is at a minimum.

a. Fire Hazard - Any cabin atmosphere
where oxygen concentration is greater
than 30% by volume is considered hazard-
ous and special considerations must be
made. Although the fire hazard is reduced
significantly by the use of a two-gas sys-
tem, it cannot be completely eliminated.
The ignition temperature of most
materials is decreased as much as 50%
when exposed to this type of atmosphere.
Spacecraft atmospheres of 100% oxygen
amplify the dangers of fire once ignition
occurs. This increased potential fire
hazard places special emphasis on
material selection and system design.
Only materials with high ignition
temperatures, slow combustion rates, and
low explosion potentials should be used
inside the pressurized cabin. Atmosphere
movement by ventilation, cabin venting,
or even crew movement can resupply the
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fire with oxygen, allowing flame propaga-
tion in the absence of convection.

First response during a fire emergency in
a "shirt-sleeve environment" should be to
don an oxygen mask and tumn off cabin
ventilation. The oxygen mask is necessary
because rapid oxygen consumption and
toxic products of combustion allow little
time for corrective action once the fire
starts.

Careful design and proper choice of at-
mosphere and materials, in conjunction
with a design hazard study to reduce flame
propagation, can ensure that the three
conditions of combustion (fuel, oxygen,
and ignition source) are not encountered.

b. Toxic Hazards - Within the confines of
a space module, toxic products of combus-
tion may pose a serious threat to the crew
since the oxygen supply is limited and
large amounts of carbon monoxide can be
generated.

c. Fire Extinguishing - The fire potential
within a spacecraft cabin cannot be totally
eliminated. Spacecraft atmospheres make
the cabin a fire zone and so require fire
detection and extinguishing systems.
Materials should be selected which mini-
mize the likelihood of ignition, limit the
spread of fire, and are self-extinguishing,
Housekeeping also affects this potential
because pure, nonflammable waste does
not exist. Toxic and flammable gases from
waste can evolve and the interaction of
various items can cause spontaneous com-
bustion. Therefore it is necessary to con-
sider an integrated spacecraft fire
extinguishing system. Selection of a fire
extinguishing system for a spacecraft
presents a unique problem. It must be
usable in a microgravity environment and
be completely compatible with an en-
riched oxygen atmosphere. In addition,
the extinguishing agent must not support
combustion in an oxygen enriched en-
vironment, emit toXic or anesthetic
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products when applied to a fire, interfere
with visual observation, or result in liquid
or solid residue that will contaminate the
spacecraft. Information available indi-
cates three agents which best satisfy these
basic requirements: carbon dioxide, Halon
1301, and water or water based agents.

d. Venting - Venting or cabin depressuriza-
tion may be useful in dealing with acciden-
tal fires or cleanups. Venting action may
initially accelerate flame propagation,
depending on vent location and other con-
siderations. Venting may be impractical
for the following reasons: crewmembers
are normally not in space suits, time todon
space suits, ability to don a suit without
assistance, and ability to don a suit in poor
lighting (electrical equipment damage),
and other stress factors should point out
the inability of using this as an operational
technique. The quantity of oxygen on-
board is a governing factor in determining
the use of venting. Therefore, if the loss
of oxygen in an unmanned area or com-
partment can be tolerated, then the pos-
sible use of venting for fire control or
cleanup should be considered,

e. Detection Systems - The ability to detect
an inflight fire is difficult to predict. Open
fire may be seen, although the heat load
may not be sensed. Convection is
provided in manned areas and this could
make smoke visible or cause its odor to be
detected. The enclosed out-of-sight
regions around electrical equipment may
not produce convection. Incipient over-
heated conditions may exist for extended
periods before a fire occurs. These are not
easy to detect unless sensors are provided.
Also, the effect of microgravity, without
convection or reduced convection, may
cause no initial flame flicker.

(Refer to Reference 21, DN3N2, for more
detailed discussion of manned spacecraft
fire protection and control.)
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6.6.3 Flre Protection and Control
Design Requirements
{A}

Fire protection and control design require-
ments are given below.

6.6.3.1 General Requirements
{A)

6.6.3.1.1 Fire Protection System
(A}

Afireprotection system comprising detection,
warning, and extinguishing devices shall be
provided during all mission phases.

6.6.3.1.2 Material Selection
{A}

Only approved fire-retardant materials shail
be used.

6.6.3.2 Detectlon Requirements
{A}

6.6.3.2.1 Detection System Signals
{A}

The fire detection system shall provide signals
1o the vehicle warning system.

6.6.3.2.2 Reset and Seolf-test
(A}

The fire detection system shall have reset and
self-test capabilities.

6.6.3.2.3 Sensor Repiacement
{A}

All sensors shall be replaceable and acces-
sible,

6.6.3.3
ments
{A)

Warning - General requirements for the fire
warning system are as follows:

Warning System Require-

(Refer to Paragraph 9.4, Caution and Warn-
ings, for complete description of design considera-
tions and requirements.)

6-23

a. The caution and warning system shall in-
clude a fire warning system to alert the crew
in case of a fire.

b. The fire warning system shall be capable of
operating independently.

¢. Warnings shall be both visual and auditory
to provide maximum information to the crew
Sor timely action.

d. The visual fire warning display shall be
aviation red in accordance with MIL-STD-
25050,

6.6.3.4 Extinguishing Requirements
{A)
a. Automatic extinguishing equipment shall be
brovided to aid the crewmember in containing
and extinguishing fires.

b. Design of the vehicle and its components
shall provide for rapid access with fire fight-
ing equipment.

c. Chemical agents used for fire extinguishing
shall be compatible with the toxicity require-
ments of the spacecraft.

d. Portable fire extinguishers shall be
provided for epen areas and a fixed fire extin-
guishing systemshall be providedfor enclosed
inaccessible areas.

e. Capability for removal of expended fire
extinguishing material during post-fire
cleanup shall be provided.

F. Automatic extinguishing systems shall in-
corporate a disabling feature to prevent inad-
vertent activation during servicing.
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6.7 DECOMPRESSION HAZARDS
{A}

The major effects of failure of a pres-
surized cabin or a space suite arises from;

a. hypoxia due to the reduction in the
partial pressure of oxygen in the lungs,

b. decompression sickness due to the
evolution of nitrogen bubbles in the blood
and tissues,

¢. expansion of gas within various body
cavities,

d. cold injury and hypothermia due to
exposure to low ambient temperatures
and convective cooling of the individual,

e. and vaporization of tissue fluids.

The physiclogical constraints imposed by
these potential hazards requires judicious
tradeoffs in order to meet engineering limita-
tions and operational objectives so that perfor-
mance, comfort, and protection of
crewmembers are not compromised.

6.7.1 Hypoxia
{A}

Hypoxia is the most serious hazard follow-
ing decompression. Although the degree of
hypoxia is primarily related to the pressure to
which the crewmember is exposed, the pres-
sure differential and rate as well as the time
elapsing before an adequate pulmonary par-
tial pressure of oxygen is restored also influen-
ces the degree of the hypoxia in the period
immediately following the decompression.

6.7.2 Decompression Sickness
{A}
The incidence of symptorms of decompres-

sion sickness depends on the absolute pres-
sure and the duration of exposure, There are
wide differences between individuals in their
susceptibility to decompression sickness.
.Several factors seem to predispose individuals
to decompression sickness, such as age,
obesity and physical activity.

http://www.everyspec.com
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6.7.3 Gas expansion
{A}

Gas expansion is generally not a sig-
nificant problem during rapid decompression.
Gas containing body cavities include the
lungs, middle ear, sinuses, and gastrointes-
tinal tract. Although the lung contains the
largest volume of gas, rarely does pulmonary
barotrauma occur; an overpressure of ap-
proximately 80 mm Hg is required. If pul-
monary barotrauma occurs, a secondary
hazard, that of arterial gas embolism can
occur.

6.7.4 Short Duration Exposure
{A}

A short duration exposure to low tempera-
tures will not cause sericus impairment of
performance or serious injury to individuals
wearing light-weight clothing which encom-
passes the whole body. However, if exposure
to low temperature lasts for more than a few
minutes, uncovered skin will be damaged and
general hypothermia may occur.

6.7.5 Vaporization of Tissue
Fluids
{A)

Vaporization of tissue fluids will occur on
exposure to pressures less than 47 mm Hg if
portions of the body remain unpressurized.
The need to maintain adequate oxygen pres-
sure in the respiratory tract, and hence
throughout the cardiovascular system to
prevent hypoxia, also prevents vaporization of
tissue fluids, except in the skin and sub-

cutaneous tissues of unpressurized regions of
the body.
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7.0 HEALTH MANAGEMENT
{op}

7.1 INTRODUCTION
(A}

This section discusses the measures that
must be taken to maintain the health of the
crew. The following topics are covered:

a. Preventive Care - Non-medical
measures that must be taken to preserve
crew health.

b. Medical Care - Medical functions of
prevention, diagnosis, and treatment.

This section discusses only functional con-
siderations and requirements. Sections that
discuss facilities and equipment required to
implement these functions are referenced in
applicable paragraphs.

7.2 PREVENTIVE CARE
(A}

7.2.1 Introduction
{A}

This section identifies and discusses the
activities considered necessary for a crew-
member to maintain good health in a reduced
gravity environment. The subsections discuss
the consideration and requirements for the
following preventive care measures:

a. Nutrition.

b. Reduced gravity countermeasures.
¢. Health monitoring.

d. Sleep.

e. Personal hygiene.

f. Pre- and post-mission health manage-
ment.

Facilities and equipment for implementa-
tion of preventive care are discussed in Section
10.0, Activities Centers.

7.2.2 Nutrition
{A)

7.2,2,1
{A}

This section discusses the food and water
intake requirements of the crewmembers.
The information applies primarily to an IVA
environment and reduced gravity conditions.
The water requirements apply to potable
water only.

Introduction

(Refer to Paragraph 7.2,5.3.6, Personal
Hygiene Water Requirements, for information
on water for personal hygiene.)

(Refer to Paragraph 14.2.3.6, EVA Food
and Drinking Water Design Requirements, for
specific nutritional requirements when per-
forming EVA activities.)

7.2.2.2 Nutrition Design

Considerations
{A}

7.2.2.2.1 Goal of Nutrition
Program Design Considerations
{A}

The goal of the nutrition program is to
establish an Earth-normal pattern and quality
of meals while meeting the physiological re-
quirements of the crew.

7.2.2.2.2 Food Acceptability
Design Considerations
{A)

The following factors affect the accept-
ability of the food and the appetite of the
crewmembers:

a. Past Experience And Personal
Preference - Generally, a taste for new
foods must be acquired. This will be an
itnportant consideration with internation-
al crews. Pre-mission crew selection of
menus is desirable,
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b. Variety - Food can lose its acceptance if
eaten too frequently. A wide variety of
foods is desirable. Food may also be
varied by changing the form, texture, and
flavor, without affecting nutritional con-
tent. The use of colors, shapes, garnishes,
and portions in meal presentation, as well
as packaging color, utensil shape and size,
and visual display of trays may also en-
hance the eating experience.

¢. Waste Management Facilities - In the
past, inadequate body waste management
facilities have discouraged food consump-
tion.

(Refer to Paragraph 10.3, Body Waste
Management, for design requirements of
body waste management facilities.)

d. Space Adaptation Syndrome - Control
of Space Adaptation Syndrome is essential
for a better appetite,

{Refer to Paragraph 7.2.3.4.3, Nonexer-
cise Countermeasures Design Require-
ments, for additional information.)

e. Atmospheric Contaminants - The buil-
dup of background odors during missions
may contribute subliminally to a decrease
in appetite and consumption as a result of
fatigue or adaptation.

(Refer to Paragraph 5.1, Atmospheric
Control, for additional information.)

f. Availability - Snacks should be available
with a minimum of preparation. This is
particularly important for high energy out-
put tasks such as EVA operations.

g. Food Form - The more Earth-normal
quality of the food, the more acceptable it
will be. This includes the desirability of
fresh fruits and vegetables. Precooked
frozen food has the highest overall accept-
ability of the current available methods of
preservation.
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h. Meal Scheduling - Lack of consistent
meal periods in the crew schedule canlead
to skipped meals and undernourishment.

i. Microgravity Environment - Some U.S.
and Soviet space crews have reported that
changes in taste and odor perception of
foods occur during space flights. This may
be due to body fluid shift and resulting
head congestion.

(Refer to Paragraph 4.4, Olfaction and
Taste, for additional information.)

7.2.2.2.3 Food and Water
Quality and Quantity Design Con-
siderations

{A}

The type and quantity of food and liquid
required by an individual is dependent on a
number of factors. These factors must be con-
sidered when establishing an individual
menu. These factors include:

a. Crewmember Size and Activity Level -
The level of activities and size of the crew-
member influence the required calories
and water intake. EVA activities, for in-
stance, require a higher energy output.

b. Microgravity Effects - There are many
unknown factors involved in the area of
microgravity space nutrition and metabo-
lism. The food provided must be varied
and easily accessible such that a
crewmember’s individual needs and crav-
ings can be satisfied. The food provided
must be of sufficient quality, quantity, and
nutrient content to meet the energy
demands of various activities (e.g., EVA,
countermeasure training, daily work ac-
tivities), while accommodating each crew
member’s individual needs and desires.
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¢. Food Rehydration - The total amount of
potable water required dependsin part on
the food rehydration requirements of the
mission. This is illustrated in Figure
7.2.2.2.3-1, which shows food and water
quantity requirements for varying levels of
food hydration. The total water per per-
son-day (rehydration water, drinking
water, and water in food and beverages)
is assumed to be 3 Kg (6.6 Ibs). In the
Figure, food packaging is assumed to be
0.5 Kg (1.1 lbs) and dry food weight 0.7
Kg (1.6 Ibs).

5T

T

d. Space Module Environment - Space
module temperature and humidity impact
the amount of water ingested.

7.2.2.3 Nutrition Design Require-

ments
{A}

7.2.2.3.1 Food Design Requirements
{A)

The food provided shall meet the following
requirements.

a. Minimum Nutritional Requirements.

Estimated total food, water, packaging
10 2 ( weight per person-day » 4,2 kg {9,3 !bs)

b Potable water for
drinking = 0,7 kg (1.5 lbs}

L35 2L LA

w
[

Total mass, kg
T

Total mass, 1bs

required for

g

\\ NN ‘

-7 Potable water

: rehydration y Water in hydrated

-6 beverages = 1.4 kg (3.1 Ibs}

/7777
L4 Water in food Water in hydrated
and bcvar / P tood = 0.9 kg (2.0 1bs)

L3 -
PEERE . Dry food

- welght‘O?kg{lSllx)
H .

Food packaging
- weight = 0.6 kg (1.1 1bs)
0 L L) ¥ L)
0 02 Q0.5 1.0 .5 20 23
Dehydrated Mass of water, kg Fully hydrated
0.4 1.0 20 3.0 4.0 5.0
1 L 1 1 i l

Mass of water, [bs

Refarencs: 107, page 410

Figure 7.2.2.2.3-1, Typical Mass of Food and Water per Person-Day for
Varying Levels of Food and Beverage Hydration
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1. The diet shall supply the nutritional 1. the crewmember that consumed the
quality required by JSC 32283 (Nutrition- Jood.

al Requirements for Extended Duration

Missions . 2. amount of food consumed

2. Additional nutritional requirements 3. time and date of consumption,

are required for EVA as per body size,

EVA rasks, and duration of EVA. Foods 4. food itemilot number/serial number.
and fluids shall be specifically allocated

for this requirement per Paragraph Data shall be downlinked periodically for
14.2.3.3. analysis and must provide information in

Jormat acceptable for post flight analysis.
b. Nutritional Program Monitoring - An

automated nutrient monitoring process shall ¢. Microbiology - Microbiological accept-
be provided that meets the nutrient monitor- ability limits shall be as given in Figure
ing requirements as specified in JSC 32283. 7223.1-1.

Parameters required for medical or inves-
tigative purposes shall include documenting:

AREA/ITEM MICROORGANISM TOLERANCES
1. Food Production Artea Samples Collected’ Limits (CTU*)
a. Surfaces 3 surfaces sampled per day <=3fem2
b. Packaging Film Before use <=3fcm?2
c. Food Processing Equip. 2 pieces sampled per day <=3/cm2
4. Air 1 sample of 0282 M3 (10f1) <=13/320 liters
1. Food Production Area Samples Collected’ Limits (CFU"]
a. Nonthermostabilized Total aerobic count <=i0,000/g
Escherichia coli <=}/g
Coagulase positive
Staphylocci <=1/5g
Salmonella <=1/25g
Clostridivm <00/g o
Perfringens Zen
Yeast and molds <100/g %E

* Sample collected only on days that food facility is in operation
" Total aerobic count

Reference:406
Figure 7.2.2.3.1-1 Microbiology Contamination Control

Specification For Crew Food

7-4



Downloaded from http://www.ever SE%c.com
NASA—STD-('!OOONOL.I);‘\ B

7.2.2.3.2 Potable Water Design
Requirements
{A}

a. Quality - The potable water quality re-
quirements are givenin Figure 7.2.2.3.2-1.

b. Quantity - The supply of available water
Jor drinking and hydration of food dependent
on degree of food hydration shall be given in
Figure7.2.2.3.2-2, the potable water quantity
requirements. The supply of available water
for drinking and rehydration of food is listed
below:

1. Operational Mode - 2.84 105.16 Kg per
person-day {6.26 to 11.35 lbs per person-

day)

2. Degraded and Emergency Mode - 2.84
Kg per person-day (6.26 Ibs per person-
day)

¢. Emergency - The supply of available
water for drinking and rehydration of
Jfood shall be a minimum of 0.95 Kg (2.1
Ibs) per person for each eight hours of
anticipated emergency vehicle occupancy
time, including orbital loiter time and
time onthe earth’s surface without rescue
services. An additional I Kg (2.2 Ibs) of
water and 8 one gram salt tablets shall be
provided for each person for the purpose
of supporting re-entry fluid loss counter-
measures.

d. Temperature - Drinking water tempera-
tures shall be as follows:

1. Cold Water - Cold water temperature
shall be 1.6 degrees to 7.2 degrees C (35
degrees to 45 degrees F).

2. Ambient Water - Ambient water
temperature shall be 15.5 degrees t0 26.7
degrees C (60 degrees to 80 degrees F),

3. Hot Water - Means shall be provided
for heating water up to 68 degrees +/-2.8
degrees C (155 degrees +/- 5 degrees F).

7-5

7.2.2.4 Example Nutritional Pro-
gram
{0}

The menus on the Space Transportation
System (Shuttle) are designed to provide the
nutrients in Figure 7.2.2.4-1 in three meals per
person per day.

7.2.8 Reduced Gravity Counter-
measures
{OP}

7.2.3.1 Introduction
(OP}

The following section discusses the effects
of gravitational changes on the human body
and countermeasures that can be taken to
maintain crew health, Space gravity environ-
ments can vary from multi-G (during launch)
to microgravity in orbit. This section primarily
deals with microgravity. The considerations
and requirements apply to all reduced gravity
conditions but proportionally less with in-
creasing gravity. Specific countermeasure re-
quirements for reduced gravity greater than
microgravity must be established on an in-
dividual basis. Figure 7.2.3.1-1 illustrates the
time course of shifts in various physiological
parameters associated with acclimation to the
micro-g environment.

7.2.3.2 Reduced Gravity Counter-
measures Design Considerations
{OP}

Reduced gravity countermeasures fall into
three general categories which are described
below:

a. Countermeasures Against Initial
Response to Reduced Gravity - There are
several responses that begin within the
first few hours of exposure to reduced
gravity and continue for from one to five
days depending on the individual. These
responses are:

1. Vestibular side effects and space
motion sickness.
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QUALITY PARAMETERS LIMITS

PHYSICAL PARAMETERS
Total solids (mg/l) 100
Color True (Pt/Co units) 15
Taste (TTN) 3
Odor (TON) 3
Particulates (max size - microns) 40
pH 6.0-8.5
Turbidity (NTU) 1
Dissolved Gas {(free @ 37°C) Note 1
Free Gas (@ STP) Note 1

INORGANIC CONSTITUENTS (mg/l)
{See Notes 2 and 5)

Ammonia 0.5
Arsenic 0.01
Barium 1.0
Cadmium 0.005
Calcium 30
Chlorine (Total - Includes Chloride} 200
Chromium 0.05
Copper 1.0
Iodine (Total - Includes Organic Iodine) 18
Iron 0.3
Lead 0.0

Magnesium 5¢
Manganese 0.05
Mercury 0.002
Nickel 0.05
Nitrate (NO3~N) 10
Potassium 340
Selenium 0.01
Silver 0,05
Sulfate 250
Sulfide 0.05
Zine 5.0

BACTERICIDE (mg/l)

Residual Iodine (minimum) 0.5
Residual Iodine {(maximum) 4,0
AESTHETICS (mg/1l)

Cations 30 ©

Anions 30 tq

CO, 15 0y
(]1]
St

Figure 7.2.2.3.2-1 Potable Water Quality Requirements
{Maximum Contaminant Levels]
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. QUALITY PARAMETERS LIMITS
MICRCBIAL
Bacteria (CFU/100 ml)
Total Count 1
Anaerobes 1
Coliform 1
Virus (PFU/100 ml) 1
Yeast & Mold (CFU/100 ml) 1
RADIOACTIVE CONSTITUENTS (pCi/l) Note 3
ORGANIC PARAMETERS (ug/l) (See Note 2)
Total Acids 500
Cyanide 200
Halogenated Hydrocarbons 10
Total Phenols 1
Total Alcohols 500
Total Organic Carbon (TOC) 500
Uncharacterized TOC (UTOC) (ug/l) (See Note 4) 100
QRGANIC CONSTITUENTS (mg/l) (See Notes 2 & 5)

Reference: 278
With Updates

Notes:
. 1 No detectable gas using a volumetric gas wvs, fluid
measurement system. Excludes COp used for aesthetic
purposes.,

2 PEach parameter/constituent MCL must be considered
individually and independently of c¢thers,

3 The maximum centaminant levels for radicactive constituents
in potable and personal hygiene water shall conform to
Nuclear Regulatory Commisgion (NRC) regulations (10CFRZ0,
et 2l.}). These maximum contaminant levels are listed in
the Fedaral Register, Vol. 51, No. 6, 1986, Appendixz B, as
Table 2 {(Reference Level Concentrations) Column 2 (Water).
Control/containment/monitoring of radicactive constituents
shall be the respeonsibility of the user. Prior to the

introduction of any radicactive constituents shall be obtained
from the Radiation Constraints Panel (RCP). The RCOP will

approve or disapprove proposed menitoring and decontamination
procedures on a case-by-case basis.

4 UTOC equals TOC minus the sum of analyzed crganic
constituents, expressed in equivalent TOC.

5 In the event a quality parameter not listed in this table
is projected, or found, to be present in the reclaimed
water, the Water Quality Manager from NASA authorizing
authority shall be contacted for a determination of the MCL
for that parameter,

. figure 7.2.232-1 Potable Water Quality Requirements
{ Maximum Gontaminant Levels)

MSES412C
Rev. B
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MODE
% Day 3
UNITS | Operational | Degraded | Emergency
Ibs
person-day |6.26°- 11.35°|  6.2672 6.262 g
kg/ =
porson-day |2.84 - 516 |  2.84 2.84 83

Reference: 278
With Updates
1 Degraded levels meet "fail operational criteria™.

2 Based on 2950 kcal/persen-day VA work rate. Actual
amount depends an degres of hydration of the food.

3 Safe Haven conditions shall be maintainable for up to
45 days.

Figure 7.223.2-2 Potable Water Quantity Requirements

Energy (kcal) WHO equation Vitamin B6 (mg) 2.0 men
1.6 women
Protein % of calories 12 - 15 Vitamin B12 (og) 20
Vitamin A {RE) 1000 Ng/d men Calcium {mg) 3001200
800 Ng/d women
Vitamin D (Ug) 10 Phosphorus (mg) 800-1200
Vitamin E (TE) 10 men Iodine {mg) 150
B women
Ascorbic acid (mg)} 100 Iron {mg) 10
Folate (ug) 200 men Magnesium  (ing) 350 men
180 women 280 women
Niacin (mg NE) 19 men Zinc (mg) 15 men
15 women 12 women
Riboflavin (mg) 1.7 men Potassivm  {mg) 3500
1.3 women ~
n
Thiamin 1.5 men Sodiumm  (mg) 1100-3300 am
11 women gfg

Reference: 309, page 23
406  With Updates

Figure 7.2.2.4-1 Example Nutrition Program - Nutrient Regquirements in Three

Meals Per Person Per Day

7-8
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NEUROVESTIBULAR BYSTEM
FLUIDS AND ELECTROLYTES
/CARDIOVASWLAR SYSTEM
— CLINICAL HORIZON
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.-"""\[ BONE AND CALCIUM
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e~ oY A
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- ~ -
e - RADIATION EFFECTS _}“;‘;;?:_-“ﬁﬁr-——' ——— g g
- L 1 T Wbt Seniseniuunise & B 1.4
1 PN SR s

POINY OF ADAFTATION
Time Scale {months)

Reference! 208, Figwe 1, page 134
With Updates

Flgure 7.2.3.H Time cowse of physiologeal shifts assccisted with acelimation 1o the micro-g environment

2. Reduced motor skills due to un-
familiarity with reduced gravity.

3. Loss of Body Fluids - Body fluids
shift headward in reduced gravity con-
ditions, resulting in increased urina-
tion and fluid loss.

(Refer to Paragraph 7.2.3.4, Nonexercise
Countermeasures, for information on
countermeasures for the above effects.)

(Refer to Section 4.0, Human Performance
Capabilities, for information on vestibular
effects and motor performance in reduced
gravity.)

b. Maintenance Of 1-G Conditioning - The
body slowly loses conditioning with ex-
posure to reduced gravity. Counter

measures should be considered against at
least the following three deconditioning
effects:

1. Loss of strength and muscle mass.
2. Loss of bone minerals.
3. Loss of cardiovascular conditioning.

Exercise is the primary countermeastre
against these effects and is discussed in Para-
graph 7.2.3.3.

¢. Countermeasures Against Initial
Response Upon Entry to 1-G - After ex-
posure to reduced gravity, the human
body makes several immediate adjust-
ments when exposed to 1-G conditions.
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The following are responses for which
countermeasures should be considered:

1. Dehydration - This is due to the fluid
losses during microgravity.

2. Rapid shift of fluids to the lower
body due to re-exposure to the 1-G
environment.

3. Reduced motor capabilities in 1-G.

Countermeasures against these effects are
discussed in Paragraph 7.2.3.4.

7.2.3.3 Exercise Counter-
measures
{OP}

7.2.3.3.1 Introduction
{OP)

This section discusses the exercise
countermeasures against the deconditioning
effects of reduced gravity that have resulted in
loss of muscular strength and cardio-
respiratory endurance.

(Refer to Paragraph 10.8, Microgravity
Countermeasures, for information on the
facility requirements for these exercise
countermeasures.)

7.2.3.3.2 Exercise Counter-

measures Design Considerations
(OP}

7.2.3.3.2.1 Deconditioning
Effects Of Reduced G Design
Considerations

(OP}

Two of the most immediate and significant
effects of microgravity are the removal of
weight forces from bone and muscle, and the
headward shift of fluids. These changes lead
to a progressive degradation of muscles, the
skeletal system, and cardiovascular condition-
ing by Earth’s standards. Musculoskeletal sys-
tem changes, brought about by lack of exercise
and the absence of gravitational forces, are
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mostly reversible, but they contribute to weak-
ness and poor gravitational tolerance in the
post-mission period. Cardiovascular decon-
ditioning is manifested by a post-mission ozr-
thostatic intolerance, decreased cardiac
output, and reduced exercise capacity. Both
forms of deconditioning may impair the ability
of an individual adapted to weightlessness to
function and perform adequately during EVA
orthe critical phases during entry and landing.

7.2.3.3.2.2 Deconditioning

Countermeasure Design
Considerations
{OP}

Because the underlying factor producing
the changes leading to both cardiovascular
and musculoskeletal deconditioning in the ab-
sence of gravity, the effort to reduce these
deconditioning effects has been primarily
focused on restoring weight forces, stresses,
and system interactions by simulating Earth-
normal physical movements. The single ap-
proach which so far has received wide
operational acceptance in the U.S. and USSR
space programs is exercise. The following are
considerations to be made when designing a
reduced gravity exercise countermeasure pro-

gram:

a. Type of Exercise - Exercises necessary to
counteract the effects of reduced gravity
are listed in Figure 7.2.3.3.2.2-1.

b. Mission Duration - For short-term mis-
sions (less than 10 days), pre-mission con-
ditioning of crewmembers to elevated
levels of fimess should compensate for the
anticipated decrements in physiological
function so that impairment during entry,
landing and post-mission will be tolerable,
Even for these short missions, however, in
the interest of crew morale, some oppor-
tunity to exercise should be provided, For
missions during which crewmembers will
be exposed to microgravity for greater
than 10 days, deconditioning counter-
measures will be essential.
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Exarcise Countormeasures
Problem Exerciss Commaent
Bone mineral Impact activities ~ While evidence is
loss plug maximum mixed, these
isomatric attempts should
strength be continued;
exarcises treadmill is
suitable for
impact activity
Muscular Low frequency, Simulated cne-g
strength high resistance weight training
losses program can be
sxercises for used, for
all major instance, a rowing
muscle groups action ergometer.
Cardiovascular  Aerobictyps e orgometer”
function (aerobic exercise supsriorto
power) loss treadmill for
monitering,
quantifying, and 2
oase of use -
0
w -
Reference: 320 =g

Figure 7.2.3.3.2.2-1. Exsrcise Countermeasure
Daesign Considerations

¢. Limitations of Exercise Program - Until
recently, it was believed that a proper
exercise program could reverse the sig-
nificantphysiological/anatomical changes
associated with the body’s response to
microgravity. However, studies of
prolonged bedrest suggest that exercise,
by itself, is insufficient to meet these ends.
For instance, changes in endocrine and
metabolic functions now are believed to
result from changes in hydrostatic pres-
sure and from lack of postural cues, rather
than from a lack of activity. There is a
possibility, however, that activities of
higher intensity or longer duration could
have countered these changes.
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d. Motivational Factors - Motivation is an
extremely important consideration. All of
the planning and equipment can be
wasted if the crewmembers are not
motivated to participate in an exercise
program. The following factors play an
important role in the motivation of crew-
members:

1. Understanding - The crewmembers
should be aware that the exercise pro-
gram is providing positive benefits to
their health and will benefit both in a
reduced gravity environment and in
their eventual return to Earth. For
protracted durations in space, exer-
cise countermeasures may be essential
to mission fulfillment.
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2. Feedback - Performance monitor-
ing/display devices and record keep-
ing to evaluate progress are known
tools for enhancing motivation. Video
displays and computerized programs
are available for exercise equipment in
a myriad of formats. This approach
can be utilized to provide this feed-
back, as well as entertain the exercis-
ing crewmember.

3. Entertainment and Diversion -
Video, music, reading materials, social
interaction, Earth-viewing windows,
etc., may act as a diversion to keep
exercise from becoming monotonous
for some crewmembers.

4. Games - Designing exercises that
have an element of play can provide
positive motivation. For instance,
gravity forces less than 1-G constitute
a new environment with a new set of
physical challenges.

5. Facilities - Facilities that require
little preparation prior to exercise and
minimal stowage afterward are essen-
tial if crewmembers are to maintain
motivation and adherence to the pro-

gram.

(Refer to Paragraph 10.8,
Microgravity Countermeasures, for in-
formation on exercise facility design.)

6. Support Facilities - Adequate
facilities for washing and resting after
exercise are necessary for motivation.

(Refer to Paragraph 10.2, Personal
Hygiene, for information on body
washing facility design and to Para-
graph 10.4, Crew Quarters, for infor-
mation on resting facility design.)
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7.2.3.3.3 Exercise Countermeasure
Design Requirements
{OP)

Lxercise countermeasure requirements apply
1o space missions that expose crewmembers to
microgravity conditions for longer than 10 days.
For missions of 10 days or less, exercise counter-
measures shall be available for crewmembers as
necessary to maintain performance during the
mission on entry to 1-G. The following are the
exercise countermeasure design requirements:

a. Types of Exercise - The space module shall
provide facilities for the following types of
exercise:

1. Equipment for placing isokinetic,
isotonic (concentric and eccentric), and
isometric force upon the major muscle
groups of the body shall be provided in
order to counter "disuse atrophy” caused
by microgravity.

2. Devices for exercising the car-
diorespiratory system by engaging large
skeletal muscle masses (i.e., aerobic exer-
cises) as partial countermeasure to car-
diovascular deconditioning shall be
provided.

b. Duration of Exercise - Facilities and
scheduling shall provide the capability for ail
crewmembers to exercise not less than 1 hour
per day.

¢. Exercise Regimens - Capability shall be
provided for establishing and updating in-
dividualized exercise routines and goals for
edch crewmember.

d. Motivation and Training - Appropriate
motivational devices andlor incentives shall
be provided. Crewmembers shall be trained
in the importance of exercise and how to use
the equipment.
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e. Data Monitoring of Exercise - There shall
be the capability to monitor physiological
parameters during exercise, store the data,
and downlink this information to Earth. The

following physiological parameters shall be
monitored:

1. Routine Monitoring.
(a) Heart Rate.
{b} Duration of Exercise Period

(c) Power Output From Instru-
mented Exercise Device

2. Periodic Monitoring

(a} Electrocardiogram
(b) Blood Pressure

(c) Maximal and Submaximal
Oxygen Uptake

(d) Muscle Performance

(e) Body Mass Measurement

7.2.3.4 Nonexercise Counter-

measures
{Op}

7.2.3.4.1 Introduction
{OP}

This section discusses the nonexercise
countermeasures for the deconditioning ef-
fects of reduced gravity. Nutrition, which
plays a supportive role to other counter-
measures, is discussed in Paragraph 7.2.2,

7.2.3.4.2 Nonexercise Counter-
measures Design Considerations
{OP)

Exercise is the primary countermeasure
against the body deconditioning effects of ex-
tended exposure to reduced gravity condi-
tions. Other body effects appear more rapidly
upon changes in the gravity environment.
These effects should also be considered in
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mission planning and in providing counter-
measures. The significant immediate effects
due to changes in gravity conditions are as
follows:

a. Vestibular side effects and space motion
sickness in reduced gravity.

b. Loss of bady fluids soon after exposure
to reduced gravity (this results in dehydra-
tion when the fluids redistribute on ex-
posure to 1-G conditions).

¢. Reduced motor performance in a novel
gravity environment (this requires train-
ing and adaptation and occurs both on
entry to 1-G and microgravity conditions).

7.2.3.4.3 Nonexercise Counter-
measures Design Requirements
(OP}

Nonexercise countermeasures shall be
provided regardless of the duration of the mission.
The following are required countermeasures:

a. Pressurized Countermeasures - Lower body
positive pressure devices for gravity protec-
tion during 1-G entry and landing shall be
provided.

b. Pharmacological Countermeasures -
Pharmacological methods, including oral
rehydration, shall be provided to increase the
body’s total fluid volume. These counter-
measures shall be available for implementa-
tion justprior to entry into a 1-G environment.

¢. Space Motion Sickness Countermeasures
Space motion sickness countermeasures shall
be provided and shall include:

1. Prophylactic medication.

2. Scheduling so that activities which re-
quire head and body translation move-
ments are minimized during the early days
of the mission.
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7.2.4 Sleep

{A]

7.2.4.1 Introduction

{A}

This section on sleep includes:

a. Effects of microgravity on sleep needs.
b. Scheduling.

¢. Duration.

d. Sleep aids.

(Refer to Paragraph 10.4, Crew Quarters,

for information on facilities to support
sleep.)

7.2.4.2 Sleep Design Considera-
tions

(A}

The following are considerations to be

made when establishing a space module sleep
schedule and facility in a microgravity en-
vironment,

a. Effects of Microgravity - The results of
Skylab experiments do not show any
major adverse changes in sleep as a result
of prolonged space flight. Only during the
84 day flight did one subject experience
any real difficulty in terms of sleep time.
Even then, the problem diminished with
time, although sleeping medication was
required on occasion. The most significant
changes occurred in the postflight period,
with alterations more of sleep quality than
quantity. It appears that readaptation to
a 1-G environment is more disruptive to
sleep than the adaptation to microgravity.
In all, the Skylab investigators feel that
adequate sleep can be obtained in a
microgravity environment providing ade-
quate sleeping areas are used, noise levels
are minimized, and a familiar time refer-
ence for the sleep period is used.
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b. Duration of Sleep - Satisfactory
psychological performance is dependent
upon an adequate sleep/wakefulness
cycle, but few studies have been done to
determine the optimum number of hours
of sleep required per hours of waking time.
The usual study has investigated the
amount of sleep spontaneously taken per
day without regard to performance. It has
not been demonstrated at this point
whether humans need 6 to 8 hours of sleep
in every 24, On the short side, the quality
of afternoon performance improves al-
most linearly as sleep duration is increased
from 1 to 6 hours. Beyond a duration of 6
hours of sleep, improvement is less
marked and is completely absent when
sleep is lengthened from 8 to 10 hours in
every 24,

c. Sleep/Work Cycle - The following fac-
tors must be considered about sleep/work
cycles:

1. Personnel exposed to changes in
environmental cues will show dis-
rupted circadian rhythms.

2. Circadian rhythms significantly af-
fect a wide variety of human functions
in addition to sleep, including
psychomotor and cognitive perfor-
mance, mood, and social adaptability.

3. Careful planning of activity
schedules, sleep/wake schedules, and
artificial control of environmental
cues may be necessary to offset the
possible negative impact of circadian
desynchronization on crew perfor-
mance and adjustment.

4. Sleep periods should be proceeded
by at least 1 hour of nondemanding
mental activity.
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7.2.4.3 Sleep Deslgn Requirements
{A}

The following are design requirements for
crew sleep:

a. Facilities - Adequate sleep facilities shall
be provided.

{Refer to Paragraph 10.4, Crew Quarters, for
sleep facility design requirements. )

b. Duration - Scheduling should allow a min-
imum sleep period of 8 hours per day with
minimum of 6 hours of uninterrupted sleep.

¢. Pharmaceuticals - Appropriate sleep aid
medication shall be made available to crew-
members via a controlled access system.

7.2.5 Personal Hygiene
{A)

7.2.5.1 Introduction
{A}

This section on personal hygiene includes
the functional considerations and require-
ments for maintaining proper personal
hygiene during a space mission,

(Refer to Paragraph 10.2, Personal
Hygiene, for information on facilities support-
ing personal hygiene.)

7.2.5.2 Personal Hygiene Design
Considerations
{A}

Personal hygiene is important to both the
psychological and physiological well being of
the crew. The following are considerations for
ensuring a proper personal hygiene program:

a. Facilities - Facilities for performing per-
sonal hygiene functions must be properly
sized and accessible.

b. Equipment, Supplies, and Clothing -
Personat hygiene equipment and supplies
and crew clothing must accommodate the
physiological differences in male and

female crew members in the microgravity
environment. The hardware should make
this accommodation with as few inter-
changeable components as possible, The
supplies and clothing should also be able
to meet the personal tastes and needs of
the crew members to the extent possible
in the space module environment.

¢. Training - Crewmembers must be ade-
quately trained and familiar with both per-
sonal hygiene equipment and procedures.

d. Scheduling - Proper scheduling must be
provided to allow adequate time for per-
sonal hygiene.

e. Personal Hygiene Standards - Personal
hygiene standards should be established
prior to the start of the program.

7.2.5.3 Personal Hyglene Design
Requirements
{A}

7.2.5.3.1 Body Grooming Design
Requirements
{A)

The following body grooming measures shall
be provided in the space modules,

a.Skin Care - The capability shall be provided

Jor crewmembers to condition their skin suffi-
ciently to prevent drying and/or cracking.

b. Shaving - Provisions shall be made for
crewmembers to shave body hair,

¢. Hair Grooming - Provisions shall be made
for crewmembers to cut hair to maintain the
length within mission andior personal re-
quirements.

d. Nail Care - Provisions shall be made for
crew members to trim nails.

e. Body Deodorant - The capability shall be
provided for crewmembers to control body
odor,
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[ Menstruation - Provisions shall be provided

for the collection and disposal of ménstrual
discharge.

(Refer to Paragraph 10.2.3.4, Hair Cutting
Design Requirements, and Paragraph
10.2.3.5, Grooming & Shaving Design Re-
quirements, for facility design requirements.)

7.2.5.3.2 Partial Body Cleansing
Design Requirements
(A)

The capability shall be provided for crew-
members to perform selected body area cleansing
as needed.

(Refer to Paragraph 10.2.3.1, Partial Body
Cleansing Design Requirements, for facility
design requirements. )

7.2.5.3.3 Oral Hygiene Design
Requirements
{A)

The capability shall be provided for crew-
members to maintain proper oral hygiene. Proper
oral hygiene includes tooth, mouth, and gum care.

Water for oral hygiene shall meet potable
water quality standards defined in Paragraph
722321

(Refer to Paragraph 10.2.3.3, Oral Hygiene,
Design Requirements, for facility design require-
ments.)

7.2.5.3.4 Whole Body Cleansing
Design Requirements
{A)

The capability shall be provided for crew-
members to perform whole body skin and hair
cleansing.

(Refer 10 Paragraph 10.2.3.2, Whole Body
Cleansing Design Requirements, for facility
design requirements.)
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7.2.5.3.5 Personal Clothing & Equip-
ment Cleansing Design Requirements
{A)

The capability shall be provided to supply
each crewmember with clean clothing and other
washable items, including bedding and linens,
over the duration of the mission.

(Refer to Paragraph 11.13.1.3, Clothing
Design Requirements, and Paragraph 10.10.3,
Laundry Facility - Design Requirements, for ad-
ditional requirements.)

7.2.5.3.6 Personal Hygiene Water
Design Requirements
(A}

Personal hygiene water is water that is used

for external body cleansing. Personal hygiene
water requirements are fisted below:

a. Quality - Minimum personal hygiene water
quality requirements are given in Figure
7253.6-1.

b. Quantity - Personal hygiene water quantity
requirements are given in Figure 7.2.5.3.6-2.
This figure does not include requirements for
laundry and dishwasking which are system
dependent.

¢. Temperature - Temperature shall be adjus-
table from 21 +1- 4 °C (70 +1- 10 °F) to a
maximum of 45°C (113°F).

7.2.6 Pre/Post-Mission Health

Management
{A}

7.2.6.1 Introduction
(A}

This section specifically addresses the
health management of the crewmembers
before and after the mission. The other para-
graphs of Sections 7.0, Health Management,
deal primarily with health management
during the mission.
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QUALITY PARAMETERS LIMITS

PHYSICAL PARAMETERS
Total solids {(mg/1) 500
Color True (Pt/Co units) 15
Taste (TTN) N/A
Odor (TON) 3
Particulates (max size - microns) 40
pH 5.0-8.5
Turbidity (NTU) 1
Dissolved Gas (free @ 37°Q) N/A
Free Gas (@ STP) Note 1

INORGANIC CONSTITUENTS (mg/l)

{See Notes 2 and 5)
Ammonia 0.5
Arsenic 0.01
Barium 1.0
Cadmium 0.005
Calcium 30
Chlorine (Total - Includes Chloride) 200
Chromium 0.05
Copper 1.0
Iodine (Total - Includes Organic Iodine) 15
Iron 0.3
Lead 0.05
Magnesium 50
Manganese 0.05
Mercury 0.002
Nickel 0.05
Nitrate (NO3-N) 10
Potassium 340
Selenium 0.01
Silver 0.05
Sulfate 250
Sulfide 0.05
Zinc 5.0

BACTERICIDE (mg/1)
Residual Iodine (minimum) 0.5
Residual JTodine (maximum) 6.0

AESTHETICS {mg/l)
Cations N/A
Anions N/A
COy N/A

Figure 7.2.5.3.6-1 Hygiene Water Quality Requirements
{Maximum Contaminant lLevels] fContinued]
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QUALITY PARAMETERS LIMITS
MICROBIAL
Bacteria (CFU/100 ml)
Total Count 1
Anaerobes 1
Coliform 1
Virus (PFU/100 ml) 1
Yeast & Mold (CFU/100 ml) 1
RADIOACTIVE CONSTITUENTS (pCi/l) Note 3
ORGANIC PARAMETERS {(ug/l) (See Note 2)
Total Acids 500
Cyanide 200
Halogenated Hydrocarbons 10
Total Phenols 1
Total Alcohols 500 a
Total Organic Carbon (TOC) 10,000 N
Uncharacterized TOC (UTOC) (ug/l) (See Note 4) 1,000 g
B
ORGANIC CONSTITUENTS (mg/l) (See Notes 2 & 5) EE

Reference: 278
With Updates

Notes:

1 ¥No detectable gas using a volumetric gas vs. fluid
measurement system. Excludes C0; used for aesthetic
purposes,

2 FEach parameter/constituent MCL must be considered
individually and independently of others.

3 The maximum contaminant levels for radicactive constituents
in potable and personal hygiene water shall conform Lo
Nuclear Regulatory Commission (NRC) regulations (10CFR29Q,
et al.). These maximum contaminant levels are listed in
the Federal Register, Vol. 51, Neo. 6, 1986, Appendix B, as
Table 2 (Reference Level Concentrations) Column 2 (Water).
Control/containment/monitoring of radicactive constituents
used on 8S8F shall be the responsibility of the user, Prior
to the introduction of any radicactive constituents on SSF,
approval shall be obtained from the Radiaticn Constraints

Panel (RCP). The RCP will approve or disapprove proposed
monitoring and decontamination procedures on a case-by-case
basis.

4 UTOC equals TOC minus the sum of analyzed organic
constituents, expressed in equivalent TOC.

5 1In the event a quality parameter ncot listed in this table
is projected, or found, to be present in the reclaimed
water, the Water Quality Manager from Man Systems shall be
contacted for a determination of the MCL for that
parameter, g

g

Rev. B

Figure 7.25.3.6-1 Hygiene Water 8uality Requirements
Maximum Contaminant Levels) (Completed?
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MODE
90 dAY
UNITS Operational Degraded 1 Emergency 3
1b/
person~day 51.52 16.0% 12 0°
kg/
person-day 23.4 8.18 5.45

Reference: 278
With Updates

1. Degraded levels meet "fail operational criteria®.
2. Based on 12-1b minimum capacity for hygiene and 25 1b

used in a 90-day chamber test.

Includes laundry (27.5

lb/person~day) and dishwashing (12 1b/person-day)

quantities.

3. Based on 12 lb/person-day) capacity for hygiene and
4 lb/person-day for laundry.
4. Based on 12 1b/person~day minimum capacity for hygiene

only.

Figure 7.2.5.3.6-2 Minimum Personal Hygiene Quantity Requirements
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7.2.6.2 Pre/Post-Mission Health b. Pre-Mission Health Stabilization - A

Management Design Considera- health stabilization program that includes
tions monitoring must be in place during the
(A) preparatory stages of the mission. Par-

Pre- and post-mission measures can be ticularly important are immunization and
taken to promote the health of the crewmem- exposure protection against those diseases
bers and to increase the chance of a successful t1_1at could become overt during the mis-
mission. The measures are: siom.

a. Crewmember Selection - Health criteria
should be established to minimize the
chances of illness and injury that would
resultin a loss of investment in training or
a decrement in mission success. Required
physical and psychological aptitudes and
abilities of the crew can be established
through careful analysis of the anticipated
tasks to be performed during the mission.

¢. Pre-Mission Health Training - The goal
of this training is to familiarize the crew-
members with the objectives and
modalities of the health maintenance sys-
tem including the methods of monitoring
to be implemented.

d. Post-Mission Gravitational Readapta-
tion - Readaptation to a 1-G environment

varies by physiological system as shown in
Figure 7.2.6.2-1. The health care,
monitoring, and support for readaptation
must consider these factors.

Irreversible processes

Clinical horizon
Neurovestibular system

Cardiovascular system

Fluids and slectrolytes

Deviation from normal function

had )

'%c'-..-::'- .-_:_\.....

R ——— it P:l-ﬂ_-r_::ﬂ
2w 3w aw M M
Time postflight
Refersnce: 208, Figure 2, page 135
Note:
W = Week
M = Month

MS1S-192

Figure 7.2.6.2-1. Time Course of Physiological Shifts
During Readaptation to 1-G
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7.2.6.3 Pre/Post-Mission Health
Management Design Requirements
{A}

The following pre and post-mission health
care management programs shall be provided:

a. Pre-Mission Health Management - Crew
selection and training, and health stabilizg-
tion programs shall be conducted to:

1. Minimize the possibility of a health
problem that would keep a trained crew-
member from going on a mission.

2. Minimize the threat of mission decre-
ment due to a health problem.

b, Post-Mission Health Management - Post-
mission health care shall be provided to min-
imize the chance of illness or injury to the
crewmember due to his or her deconditioned
state.

7.2.7
{A]

Health Monitoring

7.2.7.1 Introduction
{A}

This section addresses the monitoring
measures necessary to evaluate the health of
the crewmembers and the health safety of the
space module environment. This section dis-
cusses only monitoring of crew health and
water quality. Other sections of this document

monitoring requirements for the space
module environment. These other sections

are referenced in the appropriate paragraphs.

7.2.7.2 Routine Health Monitor-

ing Design Considerations
{A}

7.2.7.2.1 Routine Crew Health

Monitoring Design Considerations
{A}

The following are considerations for estab-
lishing a crew health monitoring program:
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a. Record Keeping - The results of all crew
health monitoring must be kept in a per-
manent and easily retrievable format for
trend analysis. There must a simple and
rapid way to communicate the data to the
ground. The method for handling, stor-
ing, and transmission of crew members
medicine health records must be totally
secure.

b. Standards - Standards defining nominal
limits of the monitored parameters and
procedures for handling health problems
(treatment, consultation, rescue, mission
abort, etc.) must be clearly defined and
available to responsible space module
crewmembers.

c. Frequency of Monitoring - There should
be an increased frequency of health
monitoring at the beginning and the end
of the mission compared with a baseline
frequency during the middle of the mis-
sion. This is due to the effect of environ-
mental changes on both the space module
and the crew.

7.2.7.2.2 Water Quality Monitor-
ing Design Considerations
{A}

The water supply characteristics, mission
duration, anticipated hardware lifetime, and
rescue opportunities for long-term space mis-
sions are unlike those encountered in any
terrestrial application or previous manned
space program. These characteristics intro-
duce a variety of hazards which dictate the
need for unique water quality requirements,
monitoring, capabilities for quality main-
tenance and restoration, and novel tech-
nologies to enable these activities.

7.2.7.2.2.1 Toxicological
Monitoring Design Considerations
{A}

The following are considerations for
toxicological monitoring of the water supply:
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a. Water Recycling - To avoid the severe
launch or resupply penalties associated
with ground-supplied water, long mis-
sions will incorporate a system to recycle
water, Sources for the reclaimed water
include cabin humidity condensate, spent
wash water, and urine. Crewmembers
will be exposed to reclaimed water in me-
tabolic, personal hygiene, and housekeep-
ing activities. Of particular impact will be
the water-soluble volatile and nonvolatile
contaminants from the waste, humidity,
and condensate collection systems.

b. Conventional Systems - The maximum
allowable concentration limits for many
inorganic chemicals in potable water are
below those which could be detected by
conventional process control and screen-
ing analyses, such as conductivity and pH
measurements.

¢. Chronic Exposure Considerations -
Water recycling introduces the potential
for repeated exposure to metabolically ac-
tive contaminants and increases the
potential in reclamation and disinfection
processes for chemical derivatization of
innocuous constituents into toxic
products, such as organohalides. Long
missions and continuous habitation will
necessitate that the effects of chronic ex-
posure be considered along with acute
toxicity.

d. Prediction of Toxins - Because toxicant
incidence and abundance vary among dif-

process control, and hygiene quality deter-
mination.

f. Exposure Limits - The establishment of
exposure limits for the wide variety of
organics found in reclaimed water is a
problem of enormous magnitude. Ex-
posure limits, for the most part, do not
exist for organics that have been identified
in reclaimed water because these chemi-
cals do not correspond to those (such as
pesticides, petroleum products, industrial
wastes, and urban and agricultural runoff)
encountered in terrestrial water.

g. System Breakdown - The long system
life inherent in long-term missions in-
creases the potential for accumulation of
toxic contaminants, for system failures
and malfunctions, and for contributions to
the overall contaminant burden by
degradation of system materials.

h. Stainless Steel - Although stainless steel
was successfully used to fabricate the STS
water system, long-duration mission

hardware life requirements may preclude
its use.

i. Impact of Experiments and Process -
Biological and industrial experiments and
processes to be conducted on long-dura-
tion space missions constitute another
potential and undefined source of con-
tamination for the water system and in-
crease the variability of the source water.

ferent wastewater reclamation techni- 7.2.7.2.2.2 Microbiological

ques, and since the composition of the Monitoring Design Considerations
source wastewater is highly variable, it is (A)

difficult to define the composition of
product water. Of particular concern is
the organic content of the reclaimed
water.

Even in high quality water supplies
protected by a residual bactericide, viable or-
ganisms can still persist. Therefore, the poten-
tial for microbial overgrowth is an
ever-present hazard. The following are con-

e. Total Organic Carbon - Because of the siderations for microbiological monitoring:

variety and variability of organics
reclaimed water, Total Organic Carbon
(TOC) will be a critical surrogate measure-
ment required for potability verification,

a. Water Recycling - In reclaimed systems,
the potential exists for introduction of

microorganisms into the system in greater
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numbers and variety than in conventional
or previously used water systems.

b. Use of Coliforms - Coliforms, the con-
ventional indicator organism group for
terrestrial potable water, is not an ade-
quate indicator of total microbial accept-
ability for aerospace water systems.

c. Disinfectant-Resistant Forms - Recycling
of water introduces the potential for cir-
culating pathogenic or opportunistics or-
ganisms, and increases the potential for
selection of disinfectant-resistant
microbiological species.

d. Previous Systems - Previous spacecraft
water systems have been required to main-
tain throughout the potable water system
and have successfully met this require-
ment,

e. Time Considerations - If any viable or-
ganisms are detected, one is immediately
faced with the task of identification to
assess the potential impact of the par-
ticular species. Since medical require-
ments preclude crew use of space module
water untl its quality has been verified,
routine identification would impose addi-
tional delays before reclaimed water could
be used.

f. System Maintenance/Reliability -
Quality maintenance of the long-term mis-
sion water systems will require careful
materials selection to preclude adverse
deterioration over the expected operation
of the system, the maintenance of a con-
tinuous residual bactericide downstream
of the reclamation process{es), and a
method of restoring system integrity in the
event of system malfunction or con-
tamination.

g. Biofilm Potential - The projected long
term use of the water distribution system
will favor the development of biofilms
within the system. These films can harbor
organisms and protect them from the
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residual bactericide. The resulting
microbial contamination or microbial
growth products in the water must be
prevented.

7.2.7.2.2.3 Physical Monitoring
Design Considerations
{A)

Avariety of physical properties are readily
measured in conventional laboratories to
determine the quality of water supplies.
These parameters include properties which
have direct effects on water acceptability and
those which are indicative of other un-
desirable conditions. The following are con-
siderations for physical monitoring of the
water supply:

a. Color - consumer rejection because of
its effect on aesthetic quality and is indica-
tive of contaminants.

b. Taste and Odor - evaluations that rely
on the human sensory apparatus, Accept-
ability of the taste of potable water is
important to both the psychological well-
being and the physiological health of the
crew. Potable water provided on previous
U.S. manned space flights has been char-
acterized as tasteless and undesirable.
The flat taste of this water is probably a
direct result of its high quality analogous
to triple distilled water. In order to meet
maximum concentration limits of poten-
tial toxicants, reclaimed water will have a
similar tasteless quality unless additives
are provided to enhance flavor. At times
when bactericide overdosage has oc-
curred, crews have indicated objec-
tionable taste.

¢. Turbidity - "Turbidity" is an indicator of
particulate contamination which may be
living or nonliving material. Excessive
nonliving particulate material interferes
with disinfection and can cause consumer
rejection for aesthetic reasons. Large par-
ticles can harbor microorganisms in their
interior.
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d. Other Physical Parameters - Tempera-
ture, conductivity, and pH are other col-
lective physical parameters which affect
acceptability of water. These physical
properties may be quite easy to measure
and provide rapid, on-line information
about the quality of the water.

7.2.7.3 Routine Health Monitoring

Design Requirements
{A}

7.2.7.3.1 Routine Crew Health
Monitoring Design Requirements
{A)

The space module shall have the following
routine crew health monitoring capabilities:

a. Routine Diagnostic Physical Examination
- The capability for conducting routine diag-
nostic physical examination of the crewmem-
bers shall be provided on all long-term
missions (in excess of two weeks).

(Refer to Paragraph 10.9.3.11.2, Routine
Diagnostic Exam - Design Requirements,
for equipment required for routine physical
examination.)

b. Monitoring During Exercise - Require-
ments for physiological monitoring of the
crew member during exercise are defined in
Paragraph 7.2.3.3.3, Exercise Counter-
measure Design Requirements.

(Refer to Paragraph 10.8.3.2, Counter-
measure Monitoring Design Requirements,
for facilities and equipment for monitoring
during exercise.)

¢. Pre- and Post-Mission Health Monitoring
- Reguirements for physiological monitoring
before and after mission are defined in Para-
graph 7.2.0.3, Pre- and Post-Mission

Health Management - Design Requirements.
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7.2.7.3.2 Water Quality Monitoring
Design Requirements
{A]

The capability to detect, differentiate, and
warn the crew as necessary to maintain crew
health for selected contaminants in the space
module water supply by real-time or near-real-
time monitoring shall be provided.

The capability to disinfect/sanitize the water
system shall be provided.

The following water quality monitoring re-
quirements apply to all space module water that
comes into direct  contact with personnel
{through ingestion, personal hygiene, housekeep-
ing, etc.).

7.2.7.3.21 Water Quality Monitoring
Schedule Design Requirements
(A}

Water quality shall be monitored according to
the schedule shown in Figure 7.2.7.3.2.1-1,

7.2.7.3.2.2 Chemical Monitoring
Design Requirements
{A}

The following requirements apply 1o monitor-
ing of chemical contaminants in water:

a. Definition of Contaminants - A capability
to monitor chemical contaminants in the
space module reclaimed water shall be
provided. Requirements for water quality
monitoring of chemical contaminants are in-
cluded in Figure 7.2.7.3.2.1-1.

b. Direct measurement - When necessary,
organics and inorganics shall be monitored
directly (not through a surrogate).

¢. When required, exposure limits shall be
established for organics and inorganics on
an individual basis.
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PARAMETER ON-LINE1L OFF-LINEZ
POT HYG POT HYC

Physical
Total Solids - -
Color - -
Conductivity X X
Taste & Odor - -
Particulates - -
pH X X
Temperature X X
Turbidity TBD TBRD
Dissolved Gas - ~
Free Gas - -

T+ 26+ + 6+

H

L E LN

Inorganics
Ammonia - -
Iodine X X
Specific

Inorganicss - - + +

>+
e

Aesthetics
Specific
Contributors? - - + +

Microbial
Bacteria
Total Count - - X X
Anaerobes - - + +
Coliform - - - -
Virus - - - -
Yeast & Mold - - - -
Microbe ID® - - X X

Radionuclides® - - X X

Organics
TOC x!  x7 X X
Specific

Qrganics - - + +

MSIS417a
Rev. B

Reference: 351
With Updates

Notes for this Figure ars on the following pagse

Figure 7.2.7.3.2.1-1 Required Water Quality Monitoring Schedule
for All Water Which Comes Into Gontact
#ith Personnel
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Notes for Figure 7.2.7.3.2.1-1

X Denotes that monitoring is required.
- Denotes that monitoring is not required,

+ Denotes that this monitoring requirement will bhe waived
if verification testing and analysis indicate that the
respective quality parameter limit will be reliably met.

1 Analysis of these process stream samples will be
performed to provide real time or near real time results
for process control and presumptive water quality
assessment. Requirements for on-line monitoring of
additional parameters will be established if
verification testing and analysis indicates that such
monitoring is required for process control or water
quality assessment.

2 Product water samples from the water systems will be
analyzed off-line for confirmation of water quality.
The continued operation of the ECLSS and the use of the
water will not necessarily be contingent upon the
availability of the analyses once the water systems are
verified as being operational. In addition to the
on-line and off-line analyses, grab samples from the
water systems will be obtained for ground, post-mission
analysis,

3 Specification of organic and inorganic elements and
compounds to be monitored will be based on the potential
for their being present in the product water and their
toxicity. In the event a parameter not listed in this
table is projected, or found, to be present in the
reclaimed water, the Water Quality Manager, JSC will be
contacted for a determination of the monitoring
requirements.

4 Selection will be based on determination of critical
aesthetic parameters.

5 This does not include identification of viruses.
& Inflight monitoring capability will be provided by the

specific experiment or procedure utilizing
radionuclides.

MSIS417b
Rev. B

7 Analytical procedure may provide an indirect equivalent
of classical TOC.
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7.2.7.3.2.3 Microbiological Monitor-
ing & Treatment Design Requirements
{A}

The following requirements apply to monitor-
ing and treatment of microbiological qualities of
water:

a., Determination of Potability - Capability
shall be provided to support real-time
decisions onwater potability if organisms
are detected.

b. Sampling Technique - Water sampling
techniques shall preclude contamination by
the operator during sampling.

¢. lodine - Iodine shall be used as the
primary agent to maintain water
microbiological quaiity

d. Alternative Microbial Control - On long-
term missions when there is a potential for
development of organisms resistant to
iodine, an alternative microbial control tech-
nique shall be provided.

e. Recovery from Microbial Overgrowth -
Provisions shall be made to recover
potable and hygiene water microbial con-
trol in the event of overgrowth using proces-
ses that will not degrade the quality of water
with respect to other parameters.

7.2.7.3.2.4 Physical Monitoring
Design Requirements
(A}

Equipment shall be provided to meet the
physical and aesthetic water quality monitoring
requirements identified in Figure 7.2.7.3.2.1-1.

7.2.7.3.3 Environmental Monitoring
Design Requirements
{Al

Environmental monitoring necessary to main-
tain crew health shall be provided as follows:

a. Particulate Monitoring - The capability to
detect, differentiate, and warn the crew as
necessary to maintain crew health for

selected particulate contaminants in the
space module by real-time or near-real-time
monitoring shall be provided.

b. Microbial Contaminants Monitoring -
The capability to monitor, detect, identify,
quantitate, and warn the crew as necessary
to maintain crew health for selected
microbial contaminants in the space module
by real-time or near-real-time monitoring,
including selected internal surfaces, shall be
provided.

(Refer to Paragraph 5.7.2.2.3, Ionizing
Radiation Monitoring and Dosimetry
Design Requirements, for ionizing radiation
monitoring. Refer to Paragraph 5.7.3.2.2,
Non-lonizing Radiation Protection Design
requirements, for non-ionizing radiation
monitoring requirements.)

¢. Chemical Contaminants Monitoring - The
capability to detect, differentiate, and warn
the crew as necessary 1o maintain crew
health for specific chemical contaminants in
the space module by real-time or near-real-
time monitoring shall be provided.

d. lonizing Radiation Monitoring - Refer to
Paragraph 5.7.2.2.3, lonizing Radiation
Monitoring and Dosimetry Design Require-
ments for ionizing radiation monitoring.

e. Non-ionizing Radiation Monitoring -
Refer to Paragraph 5.7.3.2.2, Non-ionizing
Radiation Protection Design Requirements
for non-ionizing radiation monitoring re-
quirements.

f. Atmospheric Monitoring - Refer to Para-
graph 5.1.34, Atmosphere Monitoring and
Control Design Requirements, for atmos-
phere monitoring requirements.

The capability to decontaminate con-
taminated areas shall be provided. (See Section
5.1.3)
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7.2.8 Biological Payloads
{A}

Biological payloads must meet the specific
pathogen-free criteria as defined by the Human
Research Policy and Procedures for Space Flight
Investigations HRPPC) guidelines, JSC 20483,
Basic environmental design requirements and ac-
ceptability limits shall minimize infectious agents,
conditions, and cross contamination between the
crew and biological payloads {(animals, plants,
etc.) that may impact crew health and mission
requirements.

7.3 MEDICAL CARE
{A)

7.3.1 Introduction
(A}

This section presents the minimum fune-
tional requirements for a space medical care

facility.

(The equipment and facilities for im-
plementing these medical care reguirements
are discussed in Section 10.9, Space Medical
Facility.)

7.3.2 Medical Care Design

Considerations
(A}

7.3.2.1 Objectives of Medical Care
Design Considerations
{A}

A space medical care facility should meet
the following objectives:

a. Ensure health and safety (ensure crew
safety and optimal health during routine
operations).

b. Prevent excess mortality and morbidity.

c. Prevent mission termination (prevent
early mission termination due to medical

contingency).

d. Prevent an unnecessary rescue
(provided rescue is a possibility).
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e. Increase the probability of success of a
necessary rescue (provided rescue is a pos-
sibility).

7.3.2.2 Anticipated Ilness and
Injuries Design Considerations
{A}

The exact nature of the required medical
care depends on the space mission (the mis-
sion duration and goal) and the illness and
injuries that are expected to occur in that
mission. The characteristics of the illness and
injuries that are particularly important for
design consideration are listed below:

a. Probability of Disease or Injury Occur-
rence - This can be determined through
historical data and analysis of the nature
of the mission tasks (some tasks are more
likely to cause specific injuries). It must
be remembered that selection and pre-
mission monitoring can screen out many
potential illness.

b. Time for a Disease to Become Overt - If
adisease has alongincubation or develop-
ment period relative to the space mission,
then diagnosis and treatment during the
mission becomes less important. How-
ever, should the disease have a short in-
cubation, then diagnosis and treatment
become very important. Therefore, it is
imperative that means be available to
determine the presence of these diseases
and treat them.

¢. Disability Level of the IlI or Injured
Crewmember - Should a crewmember be-
come ill or injured, the seriousness of the
illness or injury must be determined in
order to make adjustments in workload
schedules, etc. The space module must
have effective diagnostic and preventive
measures against diseases and injuries
that would seriously disable the crew
member.
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d. Recuperation Period - The medical
facility must have effective diagnostic and
preventive measures against diseases and
injuries that would disable the crewmem-
ber for an extended period. Should a
crewmember require a lengthy recupera-
tion period, particularly if isolation is
necessary, mission planning would re-
quire modification to accommodate the
situation. In addition, provision for
recuperation in the medical facility must
be provided.

e. Probable Results of Partial or No Treat-
ment - The medical facility must primarily
be prepared to handle those illness and
injuries which would heal more rapidly
with treatment or which would become
serious without treatment.

7.3.2.3 Earth - versus Space-
Based Medical Care Design
Considerations

{A}

The administration of medical care re-
quires a combination of ground support and
the skills and facilities of the crewmembers.
Longer space missions and longer rescue
delays require more reliance on the skills and
resources of the crewmembers themselves.
The following are considerations which effect
the medical facility design and the training of
the crew:

a. Earth-Based Medical Care - Past space
missions have been monitored con-
tinuously by an Earth-based Flight Control
Team, which includes medical personnel
as team members. With this system, the
medical team obtains health-related infor-
mation via spacecraft telemetry. This is
supplemented through use of a private
medical conference, as necessary, with the
crew. The information obtained during
monitoring is intended to deal with direct
medical problems and also to evaluate
circumstances that appear to be leading
toward such problems. This information
includes data concerning status of en-
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vironmental control systems, radiation ex-
posure, food supply, water condition, and
personal hygiene,

b. Space-Based Medical Care - Medical
support of future space operations will
require new philosophies and new tech-
nologies. The epicenter of medical care
will shift from ground-based Mission Con-
trol Centers to a space-based medical unit,
The minimum projected time for arrival of
a rescue vehicle is mission dependent; in
fact, rescue may be unavailable altogether
(such as on a Mars mission). In addition
to the delay factor, there also is the issue
of establishing medical criteria for com-
mitting a patient to entry into a 1-G en-
vironment, following extended exposure
to microgravity, without endangering his
or her condition. These considerations
mean that future space modules must
have the personnel, facilities, and tech-
nologies to provide adequate medical care
and health maintenance services, includ-
ing provision for such microgravity or par-
tial gravity countermeasures as specially
tailored exercise programs.

¢. Human Engineering of Medical Facility
- Proper human engineering of the space
medical facility can increase the effective-
ness of the medical system and decrease
the requirement for extensive crew train-
ing. Information in the remainder of this
document (particularly Section 10.9
Space Medical Facility, and Section 9.0,
Workstations) should be used as the basis
for the design of all medical facilities.

7.3.3 Medical Care Design Require-

ments
(A}

7.3.3.1 General Design Requirements
{A}

A space module shall have a medical facility
which can effectively provide preventive, diagnos-
tic, and therapeutic medical capabilities in ac-
cordance with US. clinically acceptable current
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and anticipated medical practice standards.

(RefertoSection10.9,Space Medical Facility,
Jor information about the design of the medical
facility.)

7.3.3.2 Prevention Design Require-
ments
{A}

The space medical facility shall be capable of
supporting the administration of preventive medi-
cal care as defined in Paragraph 7.2, Preventive
Care.

7.3.3.3 Diagnostic System Design
Requirements
(A}

The space medical facility shall be capable of
supporting diagnosis of anticipated illness and
injuries, assessment of their degree and severity,
and the tracking of the overall health status of ill
or injured crewmembers.

7.3.3.4 Treatment (Therapeutics)
Design Requirements
{A)

The space medical facility shall be capable of
Supporting various therapeutic measures:

a. Treatment - The capability shall exist 1o
treat a crewmember for anticipated dis-
eases and injuries.

b. Stabilization - The capability shall exist
to stabilize a critically ill crewmember until
transportation to an appropriate facility is

available. In the event an illness or injury is
not treatable at the module.

¢. Handling of Deceased Crewmember -
The capability shall exist to handle a
deceased crewmember in an efficient, safe,
and acceptable manner.

7.4 CREW SURVIVAL
(A)

7.4.1 Introduction
{A}

7.4.2 Crew Survival Design
Considerations
{A}

7.4.3 Crew Survivai Design Require-

ments

{A}
a. The emergency vehicle shall be designed
to preclude hazard to the crew and to allow
egress from the crashed vehicle in the event
of off nominal landing loads specified below
in Figure 7.4.3-1.

b. Equipment and attachment structures in-
side the crew compariment (including fit-
tings and fasteners) shall be designed for off
nominal landing loads specified below in
Figure 7.4 .3-1.

Nx Ny Nz
20.0 3.3 10.0 o
3.3 -3.3 -4.4 .

Note: These load factors shall act independently
and the longitudinal load factor shall be
directed within 20° of the longitudinal axis.

Figure 7.4.3-1 Ultimate Inertia Load Factors
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7.4.3.1 Medical Kit Design Require-
ments
{A}

The emergency vehicle shall provide an emer-
gency medical kit listed in Figure 7.4.3.1-1.

7.4.3.2 Crew Survival Kit Design
Requirements
(A}

The emergency vehicle shall provide survival
equipment listed in Figure 7.4.3.2-1.

Airway
Cral airway
Tracheal tube w/atylet
Laryngoscope
Pertrach Kit
Comox resuscitator
Ambu Bag

Antiseptics
Alcohol wipes

Bandages
Ace Bandage
Bandaids
Kling
Sponges
Telfa pads (4 X 4s)
Wound pack

Burns

Decongestants
Afrin nasal spray

Diagnostic Equipment
Blood Pressure cuff
Stethoscope

Eye Treatment

Motion Sickness
Phenergan, oral
Scop/Dex

Pain Medications
Ascriptin (aspirin)

Miscellaneous
Scissors
Tweezers

Penlight

Silvadene cream (silver sulfadiazine)

Tearlsol eye drops (artificial tears)

Tylencl (acetaminophen w/codeine)

Tape (generic adhesive - medical)
Steri-Strip skin closure

Min. of 4
Min, of 2
1
1
1

1 bottle

Figure 7.4.31-1 Emergency Vehicle Medical Kit
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ITEM BOTH LAND ONLY WATER ONLY
Water {2 liter/person) |2 liter/person
Day/night flare 2
Thermal blanket (large) 2
Chem lights 10
Strobe light 1

Pen gun flares
First aid kit
PRC-112 radio (kit)
Signal mirror
Knife

Sunscreen

Compass

Whistle

Penlight

SARSAT Beacon
Motion sickness pills
Sea dye marker
Life raft

Matches

Fire starter kit

1 gun, 14 flares

Ny e N el

In first aid kit

4
1l crew raft

Figure 7.4.3.2-1 Emergency Vehicle Proposed 24 Hour Survival Kit (Post-landing]
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8.0 ARCHITECTURE
{A]

8.1 INTRODUCTION
{A}

This section discusses the placement, ar-
rangement, and grouping of compartments
and CREW STATIONS in SPACE MODULES.
The section also includes design parameters
for items which integrate the crew stations:

a. Traffic flow and translation paths.
b. Hatches and doors.

¢. Location and orientation cues.

d. Mobility aids and restraints.

(Refer to Section 10.0, Activity Centers,
and Section 9.0, Workstations, for detailed
design and equipment requirements for each
crew station.)

8.2 OVERALL ARCHITECTURAL
CONSIDERATIONS AND REQUIRE-

MENTS
{A)

8.2.1 Introduction
{A}

This section defines considerations and
requirements that apply to the overall layout
and arrangement of the space module,

8.2.2 Overall Architectural

Design Considerations
{A)

8.2.2.1 Microgravity Design -
Considerations
{0}

Many space modules will have a
microgravity environment. The following are
general considerations that must be made
when designing the overall layout of the space
module for microgravity:

81

a. Access - Microgravity allows greater
access to places that would otherwise not
be possible in 1-G.

b. Restraints - Many of the activities in
microgravity require that the individual be
restrained or tethered. Layout of crew
stations must consider the extra time for
the crewmember to secure him or herself.
Activities which require restraints should
be grouped as much as possible within the
same reach envelope.

(Refer to Paragraph 8.9, Mobility Aids and
Restraints Integration, for additional in-
formation on restraints and to Paragraph
3.3.3.3.1, Functional Reach Design Re-
quirements, for information on reach
limits.)

¢. Pre-Mission Training - Training and
simulation done on Earth will be con-
ducted in 1-G. The design should be such
that the transition from Earth to space
environment does not completely negate
the effects of this training.

8.2.2.2 Multipurpose Use of
Volume Design Considerations
{A)

It is often more efficient to design the
workspace so that it can be used for a number
of different activities. It may be possible to use
a volume which is dedicated to a specific ac-
tivity and which would otherwise be wasted
space when that activity is not being per-
formed. Multipurpose utilization of volume
can increase the efficiency of the space
module. The activities should be compatible
with the surrounding area and with each
other. Possible limitations for multipurpose
utilization of a volume include:

a. Hygiene and Contamination - One ac-
tivity may contaminate another, such as
body waste management and food
preparation.
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b. Time - It may take too much time to
efficiently convert the volume from one
function to another.

¢. Privacy Infringement - An activity may
infringe on the privacy of a crewmember,
This is the main objection to having two
persons on different work shifts sharing
the same quarters.

8.2.2.3 Physical Dimensions of
Crewmembers Design Considera-
tions

{A}

The space module must support mixed
crews with different skills living and working
together in space for months at a time. The
design goal of a space module should be to
provide a facility that, within some under-
standably necessary size constraints, provides
a comfortable and functionally efficient en-
vironment. In order to achieve this goal, con-
sideration must be given to the physical
dimensions of the human. The design must
accommodate from the smallest in size to the
largest of the selected design crewmember
population. Section 3.0, Anthropometrics
and Biomechanics, and Paragraph 8.6, En-
velope Geometry For Crew Functions, provide
data for sizing the space module to accom-
modate all crewmembers.

8.2.2.4 Module Layout and Ar-
rangement Design Considerations
{A}

Equipment arrangement, grouping, and
layout of the space module should enhance
crew interaction and facilitate efficient opera-
tion. The module layout and arrangement
should be based on detailed analyses using
recognized human factors engineering techni-
ques. This analysis process should include the
following steps:

a. Functional Definition - Definition of the
system functions that must occur in the
Imission.

b. Functional Allocation - Assignment of
these functions to equipment, crewmem-
bers, and crew stations,

¢. Definition of Tasks and Operations -
Determination of the characteristics of the

crew tasks and operations required to per-
form the functions, including:

1. Frequency.

2, Duration.

3. Sequence.

4. Volume required.

5. Special environmental require-
ments.

6. Privacy and personal space require-
ments.

d. Space Module Layout - Using the infor-
mation determined above, the layout of
the space module should:

1. Minimize the transit time between
related crew stations,

2. Accommodate the expected levels of
activity at each station.

3, Isolate stations when necessary for
crew health, safety, performance, and

privacy.

4. Provide a safe, efficient, and com-
fortable work and living environment.

8.2.2.5 Crew Station Location
(A}

Stations that perform related functions
should be adjacent to each other, if possible.
Activities performed at a station should be
compatible with surrounding activities and
facilities (i.e. non-interference in terms of
physical, visual, or acoustical considerations).
Crew stations should be separated or isolated
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if it improves the overall performance and/or
safety of the crewmembers.

(Refer to Paragraph 8.3, Crew Station Ad-
jacencies, for detailed requirements.)

8.2.2.6 Microgravity
{A}

Appropriate mobility aids, restraints, and
orientation cues should be provided
throughout the space module to accom-
modate living and working when in a
microgravity environment.

(Refer to Paragraph 8.4, Compartment
and Crew Station Orientation, and Paragraph
8.9, Mobility Aids and Restraints Integration,
for detailed requirements.)

8.2,.2.7 Reconfiguration
{A)

The space module should have design
features that minimize required crew skill and
time in the event of space module reconfigura-
tion,

8.2.2.8 Decor and Lighting
(A}

The design, decor, and lighting of the
space module interior should be configured to
enthance the performance, safety, and comfort
of the crewmembers.

(Refer to Paragraph 8.11, Windows In-
tegration, Paragraph 8.12, Interior Design and
Decor, and Paragraph 8.13 Lighting, for
detailed requirements.)

8.2.3 Overall Architectural Design
Requirements
{A)

The following requirements apply to the over-
all architecture of the space module. Reference is
made to paragraphs within this Section (8.0, Ar-
chitecture) that expand and detail these require-
ments.

8.2.3.1 Crew Station Arrangement
and Grouping Design Requirements
{A}

Crew stations within the space module shall
be arranged and grouped to meet the following
goals:

a. Activity Level Accommodation - Each crew
station shall be sufficiently large to accom-
modate the anticipated crew and their activity
level.

(Refer to Paragraph 8.6, Envelope Geometry
For Crew Functions, for detailed require-
ments.)

b. Transit Time Optimization - Crew transit
times shall be optimized.

(Refer to Paragraph 8.7, Traffic Flow, for

detailed requirements.)

c. Station Accessibility - Appropriate cues
Shail be provided for the location and iden-
tification of crew stations. Translation paths
and crew station entry and exits shall be sized
and located to accommodate anticipated traf-
fic patterns and volume.

(Refer to Paragraph 8.5, Location Coding,
Paragraph 8.8, Translation Paths, and Para-
graph 8.10, Hatches and Doors, for detailed

requirements.)

8.2.3.2 Dedicated vs. Multipurpose
Space Utilization Design Require-
ments
{A}

The interior accommodations shall be
designed so that multipurpose utilization of the
Space meets the requirements:

a. Compatibility of activities within crew sta-
tions - Activities that occur within the same
station shall not interfere with each other. It
is best if the different activities occur at dif-
ferent times.
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b. Compatibility with surrounding activities
andfacilities- Each of the activities performed
at astationshall be compatible with surround-
ing activities and facilities.

8.3 CREW STATION ADJACEN-

CIES
{A)

8.3.1 Introduction
(A}

This paragraph discusses the overall
layout of the space module and provides the
rules and restrictions concerning the place-
ment of crew stations adjacent to one another.
The design requirements for specific crew sta-
tions are given in Section 10.0, Activity
Centers, and Section 9.0, Workstations.

8.3.2 Crew Station Adjacencies

Design Considerations
{A)

8.3.2.1 General Adjacency
Design Considerations
{A)

Design of any system or facility should be
based on the logical sequence and smooth
flow of activities that are to occur in the
facility. Generally, the most efficient layout is
to place crew stations adjacent to each other
when they are used sequentially or in close
coordination. There are some limitations to
this general rule, however. Adjacent positions
should not degrade any of the activities in the
stations, nor should the positioning degrade
any of the activities in the surrounding sta-
tions. General adjacency considerations,
beyond simple activity flow, are listed and
discussed below.

a. Physical Interference - Some crew sta-
tions require a high volume of entering
and exiting traffic (both personnel and
equipment). Placement of these stations
adjacent to each other could result in traf-
fic congestion and loss of efficiency.

IVOL.I/
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b. Noise - Activities such as communica-
tions, sleeping and rest, and mental con-
centration are adversely affected by noise.
Activity centers generating significant
noise levels should not be placed adjacent
to those activity centers adversely affected
by noise.

(Refer to Paragraph 5.4, Acoustics, for
specific noise tolerance levels for various
activities.)

c. Lighting - Ambient illumination from
one activity center may either interfere
with or benefit the activities in an adjacent
center. Activities that require illumina-
tion will benefit from the Activities adver-
sely effected by light could be:

1. Certain experiments or lab activities
such as photographic development.

2. Sleeping.

3. Use of some optical equipment
(such as windows) and self il-
luminated displays (such as CRT).

{Refer to Paragraph 8.13, Lighting, for
further information on lighting.)

d. Privacy - There are cultural and in-
dividual requirements that should be con-
sidered. Certain personal activities such
as sleeping, perscnal hygiene, waste
management, and personnel interactions
require some degree of privacy. These
private areas should not be placed in pas-
sageways or highly congested activity
centers.

e. Security - Many of the experiments and
production processes will be confidential
to a specific industry or organization.
These activity centers may require visual,
audio, or electrical isolation from the rest
of the space module.
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f. Vibration - Certain personal activities,
such as relaxation and sleep, will be dis-
turbed by vibrations and jolts. In addition,
many production, experimental, and con-
trol functions will require a stable and
vibration-free platform. Crew stations of

these types should be isolated from sour-
ces of vibration.

(Refer to Paragraph 5.5, Vibrations, for
vibration exposure limits.)

g. Contamination - Crew station activities
can generate contaminants. These ac-
tivities may include manufacture, main-
tenance, personal hygiene, or
laboratories. Qther crew station activities
may be extremely sensitive to contamina-
tion. These actvities include food storage
and consumption, laboratory research,
some production processes, and health
care. Contaminant sources and areas
highly sensitive to contamination should
be physically separated in the overall
space module layout.

8.3.2.2 Specific Adjacency
Design Considerations
{A)}

Analyses have been performed on typical
space module crew functions to determine
adjacency considerations for specific crew sta-
tions and functions (Reference 319). The
functions considered in the analysis are listed
in Figure 8.3.2.2-1. The following ctriteria
were used to evaluate adjacency of the func-
tions. Each of these criteria were given equal
weighting:

a, Transition Frequency - The frequency
with which crewmembers switch from
performing one function to another.

b. Sequential Dependency - The extent to
which one function provides the reason, or

need, to perform another function.

¢. Support Equipment Commonality - The
percentage of support equipment shared
by the functions.

8-5

d. Noise Output and Sensitivity - The
potential for noise generated by crew ac-
tivities and support equipment associated
with one function to interfere with the
performance of another function.

e. Privacy Requirements - The similarity of
the privacy requirements (both audio and
visual).

Crew suppor
Mea! preparation
Eating
Meal clean-up
Exercise
Medical care
Full-body cleansing
Handface cleansing
Pearsonal hygiene
Urination/defecation
Training
Sleep
Private recreation and leisure
Small-group recraation and leisure
Dressing/undressing
Clothing maintenance

Station operations
Meetings and teleconferencesg
Planhing and scheduling
Subsystern monitoring and control
Pra/post-EVA operations
IVA support of EVA operations
Proximity operations
General housekeeping
ORU maintenance and repair
Logistics and resupply

Mission operations
Payload support
Lile sciencas experiments
Materials processing experiments

Refarenca: 3149, pg. 9

Figure 8.3.2.2-1 Typical Functions of a

Space Module Crew

MSIS-85
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The results of the study are shown in Fig-
ure 8.3.2.2-2, Crew functions are plotted in
the chart. The chart describes the functions
on two scales: Public Functions/Private Func-
tions and Group Functions/Individual Func-
tions. The relative position of the functions on
the chart indicate the relative compatibility of
these functions. Consider grouping stations
which support the functions that are close

together on the chart. Consider separating
stations which support the functions that are
separated on the chart.

“G‘wpll
®  Maetingsrelsconierences
* Ealing
® Pra/post EVA
* Small group 5 Meal clean-up Prm't Cp's
recreation sMeal prep
* Generai .
"Privata” Exercise Mmﬁk..ﬂm_ VA 5%1? EVA
“Public”
. atio s
Private recreation Glothing maint. Logisticaresupply .
. schedule o e
Personal i 2 Planning/
. * hygiena " Dress/ i:::m ORU maint,
Fullbo:iy Grination/ Undress
cloansing defecation
sTraining
& Payload support
a [Life sciences
experiment
% Slesp
' MJ“' care ® Materials proc. experiment

“individual”

Reference: 319, page 60

Figure 8.3.2.2-2. Consideration for the Relative Locations of Space Modul? Functions
Based on the Results of Functional Relationships Analysis

8-6
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8.3.3 Crew Station Adjacencies

Design Requirements
(A}

8.3.3.1 Adjacent Crew Station Design
Hequirements
{A)

If possible (and within the restrictions of
Paragraph 8.3.3.2, Non-Adjacent Crew Stations -
Design Requirements), crew stations shall be
placed adjacent to each other (or combined) when
any of the following conditions exist:

a. Sequential Dependency - The activities oc-
curring in one station are sequentially de-
pendent on the activities occurring in another
station (i.e., one activity provides the reason
or need to perform the other activity).

b.HighTransition Frequency - Crewmembers
change frequently from the activities occur-
ring in one station to the activities occurring
in another station.

¢. Shared Support Equipment - The equipment
used to support the activities in each station is
similar or identical,

8.3.3.2 Non-Adjacent Crew Stations -
Design Requirements
(A}

Crew stations shall not be located adjacent to
each other when any of the following conditions
exist!

a. Physical Interference - Crew traffic flow,
equipment movement, and activities of one
Station physically restrict the activities in
another station.

b. Environmental Interference - The activities
in one station affect the surrounding environ-
ment so that the activities in an adjacent sta-
tion gre degraded. These environmental
effects include lighting, noise, vibration, heat.

¢. Degradation of Crew Health and Safety -
The activities or contents of one station could,
within a reasonable possibility, degrade the

health and safety of the crew in an adjacent
Station.

d. Infringement on Privacy - A station infr-
inges on the privacy of the crew members in
an adjacent station to an extent unacceptable
to the crew members.

e. Infringement on Security - A station infr-
inges on the security and confidentiality of the
activities of an adjacent station to an extent
unacceptable to the mission of the two func-
tions.

8.4 COMPARTMENT AND CREW

STATION ORIENTATION
{0}

8.4.1 Introduction
(0}

This paragraph discusses the orientation
of crew stations (workstations, crew activity
centers, etc.) within the space module. The
information in this section applies to a
microgravity environment where there is no
gravity to define a single orientation. The
design requirements for specific crew stations
are given in Section 10.0, Activity Centers, and
Section 9.0, Workstations.

8.4.2 Orientation Design
Considerations
{0}

In a 1-G or partial gravity environment,
orientation is not a particular problem.
"Down" is the direction in which gravity acts
and the human is normally required to work
with feet down and head up. In a microgravity
environment, the human working position is
arbitrary. There is no gravity cue that defines
up or down. In microgravity, orientation is
defined primarily through visual cues which
are under the control of the system designer.
The orientation within a particular crew sta-
tion is referred to as a local vertical. There are
several orientation factors to be considered
when designing a microgravity environment.
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a. Work Surfaces - Microgravity expands
the number of possible work surfaces
(walls, ceilings, as well as floors) within a
given volume. This could result in a num-
ber of different "local verticals" within a
module.

b. Training and Testing - Some of the
working arrangements that are possible in
microgravity will not easily be duplicated
on Earth. Pre-mission training and testing
will suffer with these arrangements. Ad-
ditional training might have to be con-
ducted during the actual mission. This
could drastically reduce the effectiveness
of a short duration mission.

¢. Disorientation - Humans, raisedina 1-G
environment, are accustomed to forming
a mental image of their environment with
a consistent orientation. People locate
themselves and objects according to this
mental image. If the person is viewing the
environment in an unusual orientation,
this mental image is not supported. This
can promote disorientation, space sick-
ness, temporary loss of direction, and
overall decreased performance.

{Refer to Paragraph 4.5, Vestibular Sys-
tem, for more information on disorienta-
tion in zero-gravity.)

d. Visual Orientation Gues - Visual cues are
needed to help the crewmember quickly
adjust his or her orientation for a more
familiar view of the world. These visual
cues should define some sort of horizontal
or vertical reference plane (such as the
edges of a CRT or window). Of the two, it
appears that the horizontal cue is more
effective. Further research is presently
being conducted by NASA to determine
additional guidelines for the design of
visual orientation cues.

e. Equipment Operation - Due to prior
training and physical characteristics of the

human, some pieces of equipment are
more efficiently operated in one specific
orientation. Labeling must also be proper-
ly oriented to be readable. Direction of
motion stereotypes exist for most controls.
For instance, in the US, power is turned on
when a switch is positioned "up” or toward
the head. If equipment items, labels, and
controls have different orientations within
the same crew station, human errors are
likely to occur,

8.4.3
ments
{0)
The following are design requirements for
establishing an orientation within aspace module:

Orientation Design Require-

a. Consistent Orientation - Each crew station
shall have a local vertical (a consistent arran-
gement of vertical cues within a given visual
field) so that the vertical orientation within a
specific work station or activity center shall
remain consistent. (See Figure 8.4.3-1 for il-
lustration.)

b. Visual Orientation Cue - A visual cue shall
be provided to allow the crewmember to
quickly adjust to the orientation of the activity
center or workstation.

c.Separation- When adjacent workstations or
activity centers have vertical orientations dif-
fering by 90 degrees or more, then clearly
definable demarcations shall separate the two
areas.

8.4.4 Example Orientation
Design Solutions
{0)

One of the modules of Skylab, the Orbital
Work Station (QWS), had a consistent local
vertical and another module, the Multiple
Docking Adapter (MDA), did not. It was
found that people adapted more quickly to the
orientation of the OWS than they did to the
MDA. It also took crewmembers longer to
locate a particular storage container in the
MDA than the OWS,
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Equipment orlented properly
with a consistent orlentation

1, Figura 3.2-2, page 3.2-1
figure 8.4.3-1.

Referance:

8.5 LOCATION CODING
(A}

8.5.1 Introduction
{A)

This section discusses the standards for
defining locations throughout a space module
and or vehicle. The location coding system
shall apply to all crew interface areas includ-
ing:

a. Control and display panels.

b. Stowage areas, lockers, subcompart-
ments, and containers.

¢. Access panels.

d. Systems, compornents, and equipment.

With Updates "Up*

Equipment Shall Have A Consistent Orisntation Within a
Workstation or Activity Center

Not like this

RELA

MsiS-87

(Refer to Paragraph 9.5, Labeling and
Coding, for specific labeling and coding
design requirements and considerations.)

(Refer to Paragrapﬁ 8.4, Compartment
and Crew Station Orientation, for re-
quirements defining orientation in micro-

gravity.)

8.5.2 Location Coding Design

Considerations
{A}

8.5.2.1 Users of A Location

Coding System Design Considera-
tions
{A}

Many different people will use the space
module location coding system (both crew-
member and non-crewmember personnel)
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and the system will be used in a wide variety
of situations (both emergency and routine). It
is therefore important that the system be
simple to use, easy to remember, easy to com-
municate, and consistent throughout the sys-
tem. The following is a list of the personnel
who might use a space medule location coding
system and ways in which it might be used:

a. Space Module Crew - Locations codes
are necessary to minimize crew search
time and maintain consistent equipment
placement during nonuse periods. This is
especially important for single equipment
items requiring rapid use by more than
one crewmember.

b. Ground Support Personnel - A location
coding system will be used to communi-
cate information and instructions between
ground and module crews.

c. Crews of Other Modules - Location
codes will be necessary for docking or any
coordinated activity between modules.

d. Maintenance and Emergency Personnel
- Repairs and rescue operations require an
accurate and easily communicated loca-
tion coding system.

e. Logistics and Resupply Personnel - Loca-
tion codes are required for inventory as-
sessment and resupply plan development
and communication.

8.5.2.2 Location Coding System
Implementation-Design
Considerations
{A)

In order to be effective, it is important that
a consistent coding system be established
early in the space module development. The
system must be incorporated into the design
of space module compartments, components,
control consoles, racks, and all general instal-
lations. This coding system must then be used
throughout all phases of crew training and
system documentation.
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8.5.3 Location Coding Design

Requirements
{A)

8.5.3.1 Alphanumeric Coding Design
Requirements
{A)

An alphanumeric coding system shall be es-
tablished for the space module. The system shall
have the following characteristics:

a. Ease of Use - The coding system shall be
simple to use, communicate, and memorize.

b. Module Consistency - The coding system
shall be consistent throughout the space
module and attached components. The system
shall be consistent for both interior and ex-
terior locations.

¢. User Consistency - The coding system shall
be consistent for all personnel who use and
maintain the module. The system shall be
compatible with (if not identical to) desigh
engineering location systems.

d. Flexibility - The coding system shall be
flexible to allow adaptation to space module
design changes and reconfiguration.

8.5.3.2 Directional Designation
Design Requirements
{A)

Whenever possible, a consistent directional
orientation shall be established for the entire
space module. The following directional designa-
tion terms shall apply to space modules:

a. ForwardiAft - Forward shall be defined by
the plus velocity vector of the space module.
If there is no designated velocity vector, then
“forward" shall be arbitrarily defined.

b. Up/Down - An up/down directional desig-
nation shall be established perpendicular to
the forwardiaft and portistarboard plane.

c. Port/Starboard- When facing in the "for-
ward" direction, “port” shall be defined as the
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direction to the left and "starboard” shall be
defined as the direction to the right.

8.5.3.3 Location & Orientation By
Color Coding Design Requirements
{A}

The following requirements apply to the use of
color for location and orientation coding:

a.Colors - The colors selected for coding shall
be consistent with the requirements in Para-
graph 9.5.3.2.i, Color Coding.

b. Consistency - If color is used for location
coding purposes, the colors shall have the
same operational significance throughout the
space module and shall be consistent in ap-
plication.

¢. Space Module Lighting - Exterior lighting
for orientation coding of space module shall
bein accordance with the following practices:

1.Color code - The colors shall follow the
code in Figure 8.5.3.3-1

2. Lamp intensity - Minimum lamp inten-
sity is cited in Figure §.5.3.3-1. These
intensities are to be measured 60 degrees
off the center line of the cone of radiation,

3. Chromaticity - The chromaticity of
space module lights shall be as defined in
Figure 8.5.3.3-1 and MIL-C-25050.,

8.5.3.4 Location Coding WIith
Placards Design Requirements
{A}

A space module shall have markings to pro-
vide the crew with equipment and compartment
identification, and directional and spatial orienta-
tion information. The specific requirements for
location coding placards are as follows:

a. Map - A map of location codes shall be
provided at the entrances to areas where the
coding scheme is not obvious to the crewmem-
ber or for areas inwhich there is a significant
amount of preparation activity such as
stowage, adjustiment, or maintenance of items.

LUMINOUS INTENSITY | CHROMATICITY
COLOR VEHICLE CANDELLA (CIE CHROMATICITY DIAGRAM
LOCATION (CANDLEPOWER) COORDINATES)
Red Port (left) 25 X - 0.690 v+ 0.020
side 0.2} Y - 0.290 v+ 0.020
Starboard (right) 6.3 X - 0100 +~ 0.050
Green side {0.5) Y - 0700 + 0.060
25 X - 0.580 + 0.020
Yellow Bottom (0.2} Y - 0.410 + 0.015
" 2.5 X - 0.350 +- 0.050
Aft (pref
White preferred) 0.2) Y - 0.365 + 0.030
6.3 X - not greater than 0.245
Blue Aft (not preferred) {0.5) Y - not greater than 0.200
Dual i
Ylejl?ov‘:’h te/ | Forward See above See above
Reference: 199, pgs. 17, 18, 18 §m
# Assumes color recognition up to 600 meters (2000 ft) 25

Figure 8.5.3.3-1 Spacecraft Orientation
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b. Placards on Movable Items - Movable items
and their stowage locations shall be labeled
as necessary to ensure the item is returned to
the proper location after use.

¢. Control Room Placards - Control rooms
shall have placards which identify the room
and the control station within the room.

d. Directional Designation - A visual cue shall
be provided to allow the crewmember to
quickly adjust to the orientation of the crew
station.

(Refer to Paragraph 8.4, Compartment and
Crew Station Orientation, for additional in-
formation concerning orientation require-
ments.)

e. Markings - Label and placard format and
markings shall meet the requirements inPara-
graph 9.5, Labeling and Coding.

8.6 ENVELOPE GEOMETRY FOR

CREW FUNCTIONS
{A]

8.6.1 Introduction
(A}

This section provides information for
sizing the space module for human work and
habitation. Physical body envelopes for
various crew functions are given. The infor-
mation in this section can be used to develop
a preliminary overall layout of the space
module.

{Refer to Section 9.0, Workstations, and
Section 10.0, Activity Centers, for detail
design requirements and consideration for
specific crew stations.)

(Refer to Section 3.0, Anthropometrics
and Biomechanics, for additional information
on human size and work envelope.)
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8.6.2 Envelope Geometry Design
Considerations
{A)

There are four basic factors that affect the
required habitable volume and envelope
geometry in a space module. These factors are
listed below:

a. Mission duration.

b. Visual factors.

c. Physical body envelope.
d. Social factors.

Each of these factors are discussed in Para-
graphs 8.6.2.1 through 8.6.2.4.

8.6.2.1 Mission Duration Design
Considerations
{A)

The duration of the mission has an overall
effect on the required envelope geometry. In-
creasing mission duration requires a greater
physical envelope to accommodate mission
tasks and personal needs. Crew accommoda-
tion needs are additive, so the total required
habitable volume per crewmember increases
with mission duration. Guidelines for deter-
mining the amount of habitable volume per
crewmember for varying mission durations
are shown in Figure 8.6.2.1-1.

. Cubic Cubic

o5 Meters fost

SE - 1000

it =f

3 po) 80OF Optimal

-%‘a is b 8o0r

%i 10 400} PB!'D"‘HB”OQ. fimit
;E 5} 200 Tolerable limit
LE]

00 R 5 ol i [ N W Y
k> O TZ 4 6 & 10 12

Mission duration, months
Reference: 78, page 2-39

MSiS-90

figure 8.48.2.1-1 Guideline for Determination of

Total Habitable Volume per
FParson in the Space Module
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8.6.2.2 Visual Design Considera-
tions
{A}

As the mission duration increases, there is
a greater tendency for the crew to feel con-
fined and cramped. This can affect
psychological health and crewmember perfor-
mance, The judged physical space is not neces-
sarily relative to the physical size of the room.
The feeling of spaciousness can be achieved
visually through the arrangement, color, and
design of the walls and partitions of the space
module. Some of the facts that are known
about visual spaciousness are listed below:

a. Distance From Viewer - Errors of over-
estimation of space increase as the dis-
tance from the viewer increases. This
indicates desirability of long view axes.

b. Room Shape - Irregular shaped rooms
are perceived to have more volume than
compact or regular shaped rooms of equal
volume.

¢. Viewing Along a Surface - Distances

empty space. If an observer looks along a
wall to another boundary wall, the bound-
ary wall would be judged as further away
than if it is seen from the same physical
distance across the empty space of the
room.

d. Lighting and Color - The effects of
brightness, color saturation, and illumina-
tion levels on perception of volume are
listed in Figure 8.6.2.2.-1.

{Refer to Paragraph 8.12.2, Interior
Design and Decor Design Considerations,
for details of the effects of lighting and
color.)

e, Clutter - Clutter, or items that visually
detract from long view axes, decrease the
perceived room volume,

f. Windows - Windows allow the crew-
member to focus on objects (such as Earth)
outside the space module. This can sig-
nificantly increase the sense of spacious-
ness and psychological well-being of the

judged along surfaces are overestimated crewmember.
with respect to those judged through
Volume petception _ llumination
(roominess) Brighinass® Calor saturation level
Areas will be enlarged Pale or desaturated colors High
by lightness. (Useto "receda” and opanup a
Enlarge allaviate feslings of room
opprassion or
"closed-in".)
_ Areas will be closed-in by Dark or saturated hues Low
Close-in darkness. *protrude”, and close-in ®
a room <
0.
=5
e
20

Refarence. 134, Figure 4-35 With Updates

* Brightness is a function of surface reflectance and illuminance

Figure 8.6.2.2-1. Effects of Brightness, Color, Color Saturation, and lilumination Level on Perception of Volume
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(Refer to Paragraph 8.11, Windows In-
tegration, for additional information on
the use of windows in architecture.)

8.6.2.3 Body Envelope Design
Considerations
{A}

The interior volume of the space module
must accommodate not only the static human
body but also the body when it performs the
activities required of the mission. The body
motion envelope is a conceptual surface which
just encloses the extreme body motion of an
activity. Crewmembers vary in size and the
body motion envelope varies accordingly.
The space module should not intrude on the
body motion envelope of the larger crewmem-
bers and yet not be so large that it is incon-

Activi
No activity —
static in neutral
body posture
{microgravity
conditions)
172 em
(68 in)
72¢
(28 in)

venient or inefficient for the smaller crew-
members. In microgravity, additional con-
siderations must be made for an expanded
range of possible movements and for the
neutral body posture. Approximate dimen-
sions required to accommodate the body mo-
tion envelope of the 95th percentile male
crewmember performing various IVA ac-
tivities in microgravity are given in Figure
8.6.2.3-1. These volumes canbe arranged and
grouped to give an approximate estimate of
the interior volume required for different crew
stations.

(Refer to  Paragraph  3.2.1,
Anthropometric Database Design Considera-
tions, for a definition of the American male
crewmember.)

Estimated volume
requirements {95th
percentile male)

Volume = 0.88 cubic meter
{31 cubic feet}

N N\ 281}

{Refer to Figure 3.3.3.3.1 4j

Reference: 215, page 38, 39
310
320 With Updates

MSIS 92
1 of 2

Figure 8.6.2.3-1. App.roxfmate Oimension Required to Accomadate the Body
Motion Envelope of the 95th Percentile American Male
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100 cm
(39,5 in)

220 cm

170
{86.5 in) o

{87 in)

Volume = 2.95 cubic meters {104 cubic feet)

Controlled Tumbing
in all planes

. (microgavity)

Reference: 215, Page 38, 39 With Updates

310
320

Spherical
diameter = 122 cm
{48 in)

{Very approximate)

Volume = 1 cubic meter (35 cubic feet)

MSIS 92
2 of 2
Rev. A

Figure 8.6.2.3-1. Approximata Dimension Required to Accomodate the Body Motion Envelope

of the 85th Percentile American Male(Continued)
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(Refer to Section 3.0, Anthropometrics
and Biomechanics, for further information on
the body dimensions and the neutral body
posture.)

8.6.2.4 Social Design Considera-
tions
{A)

Some of the social factors that should be
considered in the layout of the interior volume
of the space module are discussed below:

a. Privacy - Visual privacy is a major con-
cern for some activities such as body waste
management and personal hygiene.
Volumes devoted to these functions must
be visually isolated. In addition, it has
been found that a general sense of privacy
increases when visual exposure of the in-
dividual is decreased and the individual
has controllable visual access to the out-
side world. In other words, the individual
feels private if he or she has the ability of
observing without being observed. This
should be considered when designing in-
dividual crew quarters.

b. Leadership Role - The size and location
of a crewmember’s private quarters can
impart a sense of status to other crew-
members. If desirable for organizational
purposes, this fact can be used in configur-
ing the space module.

¢. Proxemics - Proxemics encompasses the
study of space as a communications
medium. Some factors to consider are:

1. When conversational or recreation-
al space is necessary, the space should
be configured so that the crewmem-
bers can be at distances of 0.5 to 1.2
meters (1.5 to 4,0 feet) and at angles
of approximately 90 to 180 degrees
from each other. In general, 90
degrees is preferred for casual conver-
sation while 180 degrees is for com-
petitive games or negotiations.

8-16

2. Equal relative heights among social
conversant should be maintained
through spatial configuration and the
placement of restraints.

3. In a socially communicating group
it should be possible for all to positicn
themselves in relatively similar body
orientation and limb location. Main-
taining a similar vertical orientation is
also desirable.

8.6.3 Envelope Geometry Design
Requirements
{A}

8.6.3.1 Crew Station Body Envelopes
Design Requirements
{A}

The following are requirements for crew sta-
tion body envelope geometry:

a. Adequate Volume - Adeguate crew station
volume shall be provided for the crewmem-
bers to perform tasks and activities (including
exitand entry) withoutrestriction. The volume
shall also accommodate tools and equipment
used in the task.

b. Accessibility - The geometric arrangement
of crew stations shall provide necessary and
adequate ingress and egress envelopes for all
Sfunctions within the station.

¢. Full Size Range Accommodation - All
workstations shall be sized to meet the func-
tional reach limits of the smaller of the defined
crewmember size range and yet shall not con-
strict or confine the body envelope of the
larger of the defined crewmember size range.

8.6.3.2 Total Module Habitable
Volume Design Requirements
{A)
The following requirements apply to the total
habitable volume in the module:
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Mission Function Accommodation - Suffi-
cient total habitable volume shall be provided to
accommodate the full range of required mission
functions.

No Degradation to Mission - Sufficient
habitable volume shall be provided and con-
figured to decrease the possibility of degradation
of crew performance due to detrimental
psychological effects fromfeelings of confinement,

Design shall permit total habitable volume
growth to accommodate the full range of required
mission functions as number of crewmembers and
Station operations increase.

8.6.4 Example Volume Alloca-

tio