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FOREWORD

This is Volume VI of the Man-Systems Integraticn Standards (MSIS) family of documents, which
is contained in several volumes and a relational database. Each volume has & specific purpose,
and each has been assembled from the dara contained in the relational database.

The title and scope of the currently identified volumes are given below:

Volume I - Man-Systems Integration Standards

This document defines man-systems integration design considerations ar.d raquirements for
development of manned space systems. This document is not limited to any specific NASA,
military, or commercial program.

Volume I - Man-Systems integration Standards - Appendices

This volume coatains the appendices which pertain to Volumes I, I, and IV, and is organized as
foliows:

Appendix A  Bibliography

Appendix B Paragraph References

AppendixC  Glossary

AppendixD  Abbreviarions and Acronyms

Appendix E  Units of Measure and Conversion Factors
AppendixF Unresolved Data Problems and Issucs
Appendix G Acceleration Regime Applicability
AppendixH Videotape User’s Guice

Appendix]I  Standards Database Management System (SDMS) User's Guide
AppendixJ  Keywords

AppendixK  MSIS Recipients Listing

Volume III - Man-Systems Integration Standards - Desigr: Handbook

This document, when available, will contain figures, tables, and cther partinent data condensed
froms Volume 1.

Volume IV - Space Station Freedom Man-Systems Integration Standards

This documert serves as the Space Station Freedom program contractually binding man-systems
integration design requirements. The data in this decument is a subset of the data found in
Volume I and defines the firm requirements v/hich are pertinent to the Space Station Freedom

program oanly.
Volume V - STS Man-Tended Payload Man-Systems Integration Standards

This volume docurcents all the men-systems integration design requirements for the develop-
ment of man-tended payloads to be serviced by the Space Transportation System Orbiter Vehicle.
The data in this document are & subset of the data found in Volume I and define the man-sys-
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tems interfaces which are pertinent to man-tended payloads so be serviced by the STS in beth
shirt-sleeve and extravehicular orbital environments.

Volume VI - Ascured Crew Return Vehicle Man-Systems Integrauor. Standards

This dccoment serves as the Assured Crew Return Vehicle project man -systems integration
design requirements. The data in this documen is a subset of the data found in Volume I and
defines the requirements wixich are pertinent to the Assured Crew Return Vehicle as defined in
the SPRD. Additional Jata and guidelines are provided to assist in the design.

MSIS Videotape - The videotape iliustrates on orbit human engineering problems enccuntered in
Gemini, Apollo, Skylab, and Shuttle flights.

MSIS Relational Database - This database can be utilized to develop topical data paragraphs
based on up to three key words, tailored lists of requi: 2ments, & list of references for any pars-
graph, a system-specific MSIS, and many other lists and documents.

Chapters of the MSIS family of docuizents are as follows:

1. Introduction

2. General Requirements

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

7. Health Management

8. Architecture

9. Workstations
10. Actvity Centers
11. Hardware and Equipment
12. Maintainability
13. Facility Management
14. Extravehicular Activity
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1.0 INTRODUCTION

1.1 PURPOSE

This document provides specific information: to be used to ensure proper integration of the
man-systems inierface requirements and guidelines with those of other acrospace discip_nes. This
document is intended for use by design engineers, systems engineers, maintainability engineers,
operations analysts, human factors specialiste, and others who are engaged in the definition,
developme.it, and integration of equipment to support the Assured Crew Return Vehicle.

Only concise design requirements and guidelines considered applicable to the Assured Crew
Return Vehicle project are provided.

1.1.2 ACRV System Missions
The ACRV System is described below in terms of its missions in the following order of priority:

a. Return of cone disabled crewmember of Space Station Freedom during reasonable medical
emergencies.

b. Return of Space Station Freedom crew from reasonable accidents or from reasonable failures
of SSF systeins.

c. Return of Space Station Freedom crew dunng interruption of Space Shuttl= launches.

1.2 SCOPE

This document establishes performance, design, development, and integration requirements for
man-systems interfaccs.

1.3 PRECEDENCE

Documents referenced herein siall form a part of this standard to the extent specified. In the
event of apparent conflict between this standard and any referenced document, this standard shali
take precedence. In the event of a conflict hetween this document and the ACRV System Perfor-
mance Requiremeiits Document (SPRD) JSC 34000 the ACRV SPRD will take precedence.

1.4 HOW TO USE THE DOCUMENTS

This docu.nent was extracted from the MSIS (Man-Systems Integration Standards, NASA-STD-
3000 (MSIS)) relational daa base in order tc provide a man-systems requirements and guidelines
docurnent to the Assured Crew Return Vehicle (ACPV) project. In order to maintein continuity in
section and figure numbering throughout the MSIS family of documents, paragraphs in the MSIS
volume [ which are not considered directly applicable to this ACRV unique Volume V1 are listed but
indicated as not applicable in the body of this valume. This document contains a mix of design
requirements an. guidelines to be considered by the design engineers for incorporation into their
segment, eler-=nt or design specifications. In cases where a requirernent is directly applicable to
the ACRYV, it will be stated in the ACRV SPRI> JSC 340C0. It is recommended thot those designine
hardware and systems for ACRV acquire a copy of Volume I of the MSIS because the considerations

i1
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and examples sections of each of the chapters in that volume contain background and supportng
information which could be of considerable velue in this design process.

1.5 HOWTO USE THE STANDARLS RELATIONAL DATABASE - N/A

1.6 DEFINITIONS AND ABBRZVIATIONS

Aset of basic definitions is herewith established for orientation and simpiification of organizaton
and coordination of work. The definitions are followed by a set of updated names, agreed-tr
abbreviz*ions, and corresponding comments.

1.6.1 Human Facturs,/Ergonomics

The terms Human Factors and Ergoncmics are often used interchangeably. Both are concerned
with the interaction of the operator and the task demands. However. they have somewhat different
focuses. Huinan Factors relates to the evaluation of all aspects of the capabilities and limitations of
the human as thiese relate to the integration of man into the total man/machine systems complex.
The principsai goal is the enhancement of functional effectivity while maintaining or increasing
human well- being (e.g. physical and metal health, productivity, safety, and satisfaction). Zr-
gonomics focuses on the measurement of the impact of systems design and iutegration cn the work
output of the operator, with the goal of obtaining the maximum productivity with minirsum fatigue.
These evaluations must it:clude the users physiclogic responses to physically and mentall' demand-
ing tasks in an environment cf other stressors such as heat, noise, ind vib ation.

1.6.2 Human Engineering

Human Engineering (or Human Factors Enginecring) is the systematic appiication of relevant
data, principles, and practices of Human Factors and Ergonomics to the design of equipment,
operations, and svstams. These data, principles, and practices come from a number ~f fieids ¢f

study, including:

a. All unatomical and physiological systems wvith emphasis on sense organs and skeletal
musculature,

b. Anthropometry,

c. Kinematics and dynamics of body motion,
d. Physical work performance,

e. Environmental stresses,

f. Psychology,

g. Sensory and perceptual behavior,

h. Learning and training,

o
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i. Motvation, and
j- Sodiology.

1.6.3 Man-Systems Integration

Man-Systems Integration applies the systems’ approach to the integration of the user and the
*machine” to fc 'm an effective, symbiotic Man-Machine System. Hardware, software, and opera-
tions development must take into account the limitations and capabilities of the human cperetor,
Selecrion and training of personnel impacts all facets of Man-Systeins Integiatier-.

1.6.4 Man-Machire Systems

AMan-Machine System is a combination of one or mors human beings and one or more physical
systems that are integrated for the common purpose of performing a specific tack. In thi: concept,
the human is considered a component or subsystem of the larger s7stem. These componerts interact
within the system euvironment to bring about, from given inputs, some desired cutput. The major
elements of a system that must be addressed during system development ure hardware and softwaie,
personnel, operating procedures, and technical data.

1.6.5 Man-Machine Interface (MMI)

The MMI is the interface through which the human is eble <~ sense the state of the system and
environment and respond accordingly. This includes hardware, its spatial interrelationships, and
the display of information. The larter inciudes the modality, quantity, quality, arrangement, aad
orgaiizaticn of the information presentation.

1.6.6 Human-Computer Interface (XiCI)

The HCI is the communication interfece between the user and the computer. Since deta and
information is transmitted ar.. received via this interface, it is considered & matter of dialogue
managament. This is a software interface. To facilitate the real-time interactions between the user
and computer, the HCI employs a variety of tools, including methods for moving between displays,
wirdowing techniques, 'nethsds for selecting information frem a display, user guidance, and
inreractive dialogue techniques.

1.6.7 Interface Language

Through the use of the interface lang .ze, the operator conveys commands or queries to the
computes and the computer conveys irformation to the user. Linguistic styles involve the use of
menus, windcws, forms, etc.

1.6.8 Habitability

Habitability may be defined as those provisions of the facility designed to provide an environ-
ment which enhiances crew comfort, mental well-ta:ing, productivity, and safety. The bssic level of
habitabilicy deals with the iramediate environment, including climate, food, noise, ¥+at, etc., that
influence the human psychophysiologic response.

1-3
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The extended ievel of habitability is introduced to take care of the long-term condition of the
on-orbit stay time and shall support not only the individuals’ physicai neaith but aisc the men-
tal/psychological heal*: because experience has shown that with the passage of time deleterious
effects of isclation and confinement gain prominence.

1.6.9 Anthropometry
Anthropometry is the study of bcdy dimensions. Anthropometric data falls into two categories:

a. Static anthropomety, which deals with simple dimensions of the stationary human; e.g.,
weight, stature, and the lengths, breadths, depths, and circumferences of the human body.

b. Dynamic anthropometry, which deals with the body dimensions during motion; e.g., reach
and angular ranges of various joints.

1.6.10 Biomechanics

Biomechanics is the application of the principals and techniques of mechanics to define the
capabilities, functions, and structure of Living organisms (humans). Ergonomic applications deal
with the mechanisms, range, and accuracy of human movement, as well as strength (force), speed,
and endurance of the human body.

1.6.11 Physiology

Physiclogy is the study of the funcidon and vital processes of the total organism, including how
the body performs.

The study of ergcnomics provides information oz how work and exposure to the working
environment affect the normal working of the body. this is accomplished through the measurement
of the costs (energy, time, fadgue) of humarn adiustment to work, as this is influenced by the
enviroument and/or the modification of working conditions, to echance the efficiency of the worker.
The goal of ergonomiics is to reduce fatizue, physical stress, increase comfort, and reduce monotony
or boredom.

1.6.12 Psychology

Psychology is the study of the functioring of the mind and mental operations, especialiy as they
are shown to affect human behavior, Particular emphasis is plo.cd on psychomstor skills (acquired
abilides to perform tasks with the muscles in response t sensory stimuli, involving learning and
feedback), perception, mentai abilides, and mental workioad.

1.6.13 Sociology

Sociology is a study of those factors which deal with human interfaces and the impact on group
and  nterpersona! behavior. Some of ihese factors, which impact group dynamics, include educa-
donal ethnic origins, background, cuitural mores, religion, and authority interfaces.

14
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1.6.14 Occupationa! Health (Industrial Medicine)

Cccupational health (industrial medicine) der” ..ith the physical and menta! heslih cffects of

a person’s job and the working environment.

1.6.15 Environment

The environment includes all 2xternal factors that affect the human being, such as
a. Climate.

b. Vibro-acoustics.

c. Lighting.

d. Wcrking/living space.

e. Psycho-socio-cultural environment.

f. Gravity (hyper, normal, hypo, micro)

€. Radiation.

h. Potentialily hazardcus fuctors. such as : Microorganisms, noxious/toxic compounds, and/or
waste contaminztion (rash, body, ete.j

Many of these factors overisp or interact with each other.

oy -
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2.0 GENERAL REQUIREMENTS

2.1 INTRORUCTION - N/A

2.2 GENERAL DESIGN CONSIDERATIONS - N/A
2.3 GENERAL DESIGN REQUIREMENTS - N/A

2.3.1 Simplicity Design Requirements
The design shall be as functionaliy simpie as poscible consistent with the functions desired and
the expected service conditions.
2.3.2 Standsardization Design Requirements
The ACRV man-machine interfaces shall be standardized tc the foliowing design requirements:
a. Hardwar:z Operation Standardization - The cperaticn of crew-use equipment in the ACRV

shali functionally perform in a manner similar to that of the Space Station Freedom (SSF)
hardware.

b. Computer Procedures Standardization - The operating procedures for the use of an ACRV
conputer shall be similar to that of SSF user/computer procedures.

e
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3.0 ANTHROPOMETRY AND RIOMECHANICS
3.1 INTRODUCTION - N/A

3.2 GENERAL ANTHROPOMETRICS AND BIOMECHANICS RELATED DESIGN
CONSIDERATIONS - N/A

3.3 ANTHROPOMETRICS AND BIGCMECHANICS RELATED DESIGN DATA
3.3.1 Body Size

3.3.1.1 Introduction - N/A

3.3.1.2 Body Size Design Considerations - N/A

3.3.1.3 Bedy Size Data Design Requirements

The data in this section shall be used as appropriate to achieve effective integration of the crew
and the Assured Crew Retumn Vehicle (ACRV).

Dimensions cf the projected year 2000, 40 year old American male and the 40 year old Japanese
female are given in Figure 3.3.1.3-1. These dimensions apply to a specific posture in 1-g conditions

only. Dimersions expected to change significantly due to weightlessness are marked. Notations
regarding these dimensions are at the end of the Figure.

8.83.2 Joint Motion
3.3.2.1 Introduction - N/A
3.3.2.2 Joint Motion Design Conziderations - N/A

3.3.2.3 Joint Motion Data Design Requiremenis

The data in this section shall be used as appropriste to achieve effective integration of the crew
and the Assured Crew Return Vehicle {(ACRV).

3$.3.2.3.1 Joint Motion I:ats, Single Joint Design Requirements
Figure 2.3.2.3.1-1 shows singie icint mc vement ranges for both males and females.
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40-Year-0id Japsnese Female

216

Micrgravly notus . Dimansion Sth pemontile SCth perceritie 95th percentile
Stature 1439 (54.8) 1570 (81.8) 1o5.1 (85.0)
Wriet haight 708 (27.9) 7868 (0.2 R4 (224)
Anig height 82 Q9 61 (24 0 9)
Ebow height 828 (.5 904 (389 1041 (41.0)
Bust degth 174 (0.§) 205 (k1) 28 (33)
Vartical trunk crcumierence  , 1339 (53.9) 1480 (57.8) 1552 (81.1)
@ Midehoukder height, siting
Hip traadth, sitting N4 {120) .7 (13.3) 7.6 (14.8)
Walst beck W2 {1385) 8.1 (15.9) 41.0 (16.1)
lnicracye 2.4 (12.9) 5.7 (14.9) 30.0 (154)
53¢ Neck drcuritersnce 345 {188) 27.1 (14.8) 38.7 (158}
T54 Shoulder lsngth 113 4.4 131 &1 RLY BNt
Valves in cm with inches in perenthseas
Notes
A) Msarurament data - Tha numbers adjacant to each of the diasngions
are referance codes. The ssms codes arxe in Volume II of Ralerence 15.
Raference 16, Volume iI, provides additional data for thesa
measuressnts pius an explanation of the esasureaent technique.
B; Application of dimsnsions to microgravity conditions:
Q) steture increasss epproximataly 3% over the first 3 to 4 days in
weightlesaness :zee Pigure 3.2,3.1-2). Alsmcst all of this change
appeare in the zpinal cclumn, and thus affacts (increases) other
related dimensic-1, such as sitting deight (buttock-vertex),
shoulder haight - sitting, eye height - sitting, and all
dimgnsions thé~ ‘nclude the spine.
@ Sicting height would be better named as burtock-vertex in
micrcgravity conditions, unless the Crewmeads. were meagursd with
2 firm pressura ¢ shoulders pressing him or her against a fixed,
£lat "sitting” gupport surface. All sitting dimensions (vertex,
eye, shoulder, 3nd elbow) incrsase in weigh.lessness by two
changas:
a) Reliaf of prassure on the buttock surfaces (estimatad increase
of 1.3 to 2.0 cm (0.5 to £.2 inches).
b) Extension of the spinal cclumn az explained in note 1 above
3% of stature on ground.
k4
Raforsnce 274, page 121-128 H
o8
51 4

Figurs 3.31.3-1 Body Size of the 40-Yesr-0ld American Eale and 40-Year-0ld
Japanese Fesale for Year 2000 In One Brevity Conditions (continued}

32

v



NASA-STD-3000/VOL.VI -

.

40-Year-0ld American Male T

S |

4
M:crogravity £ies Dursrakn Sth prrcectils S0th percentile | 95ih percentile
® 160.7 (66.8) | 179.0 (70.8) | 190.1 (74.8)

® o

20 @n | 139 @5 | 158 82 p

® .

N2 36 | %0 o8 | 242 1y §

o 918 Verizal nunk croumersnce 188y €25 | ey ery |12 e :

@ © 812 Midshoulaer height, sitting ©8 (239 | 654 (287) | 700 273 '

o) Hi breacts, sTg 348 (108) | 384 (151) | 423 (188 f\

©0) ' oea Wasst beck a7 1 | oas e | sia o) !

508 | loncre | =r 10 | %2 (154 | a7 3

39 Neck areumizrance WE (140 | W7 (182) | 419 (188 %

54 Sacurier lergth ua 58 | 169 @n | 1o 08 )

373 Fo: aem-0raanm broacth ws (192 | s1 @2 | s15pan | 0 )

| Vakics in om -wkh inches it parentheces gz i

Notes

A) Msasurenent data - The numbers adjacenz to sach of the dinensions
are 1eference codes. The same codes are in Volums II ~f Reference 16.
Reference 1€, Voluma II, providas additional data fcr these
measurenenls plur an explanation of the msasursment tachnique.

8) Applicarion of cimensions to microgravity cenditions:
N

-4

Stature increases approximately 3% over the first 3 to 4 cays in
weightlessnass (sae Figure 3.2.3.1-2). Almoat ali of this change
appeers in the spinal coiumn, and thus affects (increasas) otier
related dimensiocns, 3uch as sitting hoight (buttock-vertax).
shoulder height - sitting, eye height - sitting, and all
dimensions that include the spine.

) Saitting height would be Letter named as buttock-vartex in
microgravity conditions, unless the crewmember were measured with
a firm pressure on shculders prassing him or her against a fixed,
flat T"sitting™ support eurface. All sitting dimsnsiona (vartex,
eye, shoulder, anag eloow) increase in weightlesaneas by two
changas:

a} Relief of pregssure on the buttock surfaces (estimated increase
of 1.3 to 2.0 cm (0.5 to U.8 inches).

b) Extension of the spinal column as explained in note 1 apove
3% of stature on ground.

Reference. 274, page 121-128 5
308 «
381 S

Figure 3.31.53-1 Body Size of the 40-Year-Old American Male &nd 40-Yesr-0id
Japanese Famals for Year 20001 in One Gravity Conditions (con!i-:sd)
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40-Your-Qld Japeness Femaie

420

MICrogruvity rotws tHa TATOMIN 8 pocontie | S0th pacoenties isahpmuvdb
(OJNO) The 1 Shieg heickt n:oon | Mima  juz
30 30| Eyeheight, swing Q1 @S | [T 314
® 529 Knee hexgt, sling | w2 00 | & 07m  leos s
61 | Pocleaheigit ! | M7 30 | % gen larg nes
781 Shouer-ebow Kngxh T2 007 | B MT ;4 c2m
1% ROtk ke length @we (15 | Sy e (era @2
o) Hard kaogth 55 RD |2 gw  Lwr 03
o Hans besadth w an 74 @1 05 04
416 | Handckoumivencs ws g8 |78 o |ws om f
Values k1 om wikh: inches in parscthenes 5;

Notes:

A) Measurement data - Tha numbers adjacant to each of tha dimensicns
are reference codes. The sace codes a&rs in Voiums I1 of Reforsrce l16.
Volume II, providass additional dats for these
meaiurements plus an esplanation o7 the msasurament tschnigue.

Rafarence 16,

B} Application of dimeasions to microgravity conditions:

@) Statiure incresseg approximataly 3% over tho first 3 to 4 days in
waightlessness (see Figure 3.2.3.1-2). Almost all of this changs
appesrs in the 8pirel column, and thus affects (increoases} other
related dimensions, atch as sitting height (buttock-vertex;,
shoulder height - gitting, @ye haight - gitting, and all
dimensions that includes the spina,

@ sitting height would be better named a3 butrock-vertex in
microgravity conditions, unless the Crewzsmber wgre neasurad with
2 firm prassure on shoulders pressing him or her agminst a fixed,
flat "sitting” support surface. All sitting dimensions (vertex,
oys, shculder, and elbow) increase in weightlessnass by two

changes

&) Relief or prezsure on th& but: ock surfaces (estimated increase
of 1.3 to 2.9 ¢cm (0.% to $.€ inches).

b) Extension ¢t the spinal column ag explasined in ncte 1 sbove
3% of stature on ground.

QD Knee height - sitting may incramse slightly in microgravity due
to relief of the pressure or the heel whizh it occurs when it
measured on the ground. Tha increase ig prcobably not more than

2 to 3 am (0.1 dnch).
Raveranca. 274, pape 121-128
208 g
351 ¢

Figure 3.3.1.3-1

Body Size of the 40-Year-Oid Americen Mals and 40-Year-Old
Jsnanyse Female for Year 2006 In One Gravity Conditions (Continued)
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40-Yoar-Cld Amaerican Male

@

S

£29

F&Eaipqunﬂu: No. Dimersinn 5t parcorcie 30th nercertis | S8t parcendie
ROMO)] 788 | Skang hegi 828 080) | M2 Q7)) (w5 (%37
[__@ ® ER Eye aighy, sitling TRE (0N | o0 (3227 leas (M
@ 528 Knew haight, akting 526 207 | 57 p2m  lens memy
(1) Popites) neight 408 (18.0; | 444 (75  fa81 190y
81 Shoulder-elbow gt SA7 {143 338 (14.4) 3.4 (159
194 Butinok-knee ength 580 @24) | 013 @4N) 658 (25.9)
420 Hand longth 7 o) | ws g8 1208 @)
ity Hand Draady L2 32 ae 25 | of o
s Hand cicumisrsnce 23 @0 j 718 @8 |2 @
Valuse in on with “Chet in parentheacs

Notes:

A) Measu-ement cata - The numbers adjacent to each of the dimersions
are reference codes. The same cocdas are in Volume II of Reference 16
Ratarence 16, Veolume II, provides additicnal data Yor these
measurenerts plus an explanation of the measursxent techaique.

B) Application of dimesnsions to niccogravity conditiona:

CD Stature incrsas~s approrinacely 3% over the first 3 o ¢ days in
veightlesanass (zee Figure 3.2.3.1-2). Alkost all of this cbange
appsars in the spinal column, And thus affaects (incraases) cther
related dimanaions, such as sitting height (buttock~vartex).
ghoulder height - zitting, eye haight - eitting, and all
dimensions thet inciude the apine.

@ sitring height would be batter nsmed ae buttock-vertes in
microgrevity concitions, uvnless thz crewmesbsr were measured with
2 firm pregsure on shouldsrs pressing him Or hezr ajainast & fired,
flat “sltting™ gupport surface. All sitting dimansionz (verte:,
eye, shoulder, and elbow] increase in weightlassnerr by rtwo
changes:

a} Rellef of pressure on the buttock surfaces (estimatzd increaae
of 1.3 te 2.0 c (0.3 to 0.8 finches:.

D) Extaneion of the apinal column as explainesd in nora 1 above
3% of stature on ground.

@) Anese height ~ €ifting aay iucresso alightly in microgrevity due
Co relier of tha preasure on the bael which it occurs wher it

measured on the ground. The inciwass ia probably not more than
2 %o I mm (0.1 {nch).

Reforrnce: 274, page 121-128
and
ki3

V& iths

Flgure 3.3.1.3~1 Bocy Size of the 43-Year-0ld American bisle and £4C-Ye -0id
Japansse Female for Yaar 2000 in One Gravity Conditivis {Cortinued)
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40-Yea2r-0ld Japaness femsle

[ Danarsion Bvpeccentie | 0 paroentls | 08 poroentis
TR | Wkt hoigit 9.1 (W5 | %7 A1) | 1034 (o7
N Croesh height 257 | T8N | 7Y gon)
215 | Cakheight =5 (0.0 | 28 e | s a2y
) Biscromisl breech s (128 | S87 (14N | %0 054
Q) 43 Wit ont
e Beys cies - iarenoe 2% (LT ¢t (142) We (187
178 | Buockemueonce TES DS | 81 @AY | 843 gy
T 0 T 27 82 | %0 g | 23 (1§
#8 | Thighcuersres 12 @8 | 129 B9 145 (.7
@ Forsam-hand tngeh 573 (47 | 47 (84 | w4 170
T 200 | frndepopitonlength ws (49 | a7 one | 45079 (87
r N Vaiues inom with inches in parentheese g:

Notes

A; Measurement data - The aumpers adjacent to each of tne dismension~

sr: rafarerce codas. The same codes are in Volume 1L of Ralerencs 15.
forence 16, Volume II, provides additicnsl da%a for theas

measuraments “lus an explanstiosn of the meesuresant techaique.

B) Application o. dimensions to microgravity conditions:

(D ceture increasee epproximately 3% over tha firat 5 to 4 days in
weightleassnese (seé. Figure J.2.3.1-2). Ximoar all of thiz chainge
appears in the spinal column, &nd <hus sffatt3 (increases) other
related dimansicns, such &2 gitting height (buttock-verta:),
shoulder Leight ~ sitting, eys height - aictting, and all
dimensions that inciude ths epina.

@ Sitting height would be bettsr named ag buticck-vertex in
microgravity conditicng, unless the crevnamber were mezsu-.ad with
a firm pressure on shoulders prosaing him or her xeciinst & fixed,
“lat "sitting™ support surface. All sitting di=.nslons {(vsrt
eye, shovlder, and eluow) ircreesa In weightl.,usness by two
changes -

3) Ralisf of preasure on the tuttock surfaces (zetimatsd incraase
of 1.3 ¢r 2.0 cm (0.5 to 0.8 Incraas;.

b} Extenslor of tr- «pinsl criuan as explained in note L abova
3% of ststure o jround.

Referance. 274, poow 121-128 g
N
38 4

Figure 3.3.1.3-1 Bocy Size of the 40-Yes Dld Amecican Male snd 40-Year-0id
Japanese Fowsle for Year 2000 in One Erawity Condivions (continusd)
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49-Year-0id American Male

m@’f nz
L

i

)
B =
\

=
ns
tacrogravity notae No, " menmon 5th percordile 50in pevcanile  95th peioaitiln
%49 | Wastheight 100.4 (325) | 1083 (428) | 1162 (@87
240 | Crunheignt 4 013 | sad pan) | %2 @7
s Calf height 25 (128) | 262 (143) | 400 (57
162 Biscromial braadin 376 (148) | 4L (162 | 443 (7
O] 48 Wasat front 372 (148) | @0 (o) | 446 (175)
738 Scye. . fderance “4d (17.5) 49.0 (185 536 (21.1) |
178 | Buock cicumtersnce 910 36.8) | 1002 384; | 1064 (4a1) |
Q@ 312 | Ekowrestheght 20 R | B4 (100) Y
{ 856 | Thighciewance 5 @&n | 635 @& | w1 R
381 Forearm-hand lengih
] 200 | Bukickpopies kg @9 (185 | 512 207 | 55 21e) 190
Vanes in o with nched in parentheses ;:

Notes

A! MNeasurament ztata - The numbers adijacent t¢ each ¢f the dimensions
are reference codes. The same codas 2re in Voliume II of Raforence 16.
Raference 16, Voluma I, provides additional data for trese
measurensnts piug au explanation of the measv-eme..C teac.nique.

B, Applica-ion of dirensions te minrogravity Lunditions:

CD Stature increases approximately 3% owver tne {irst 3 to 4 days ia
weightlessness (sea Flgure 3.2,3.1-2), &.most all of this change
appears in tha spinal column, &nd thua atiects (increzses) other
related dimengionsg, such &8 sirting height (buttock .artex),
shoulder height - sitting, eye height - sitting, and all
dimensions that includa the spina.

(@ sitting beight would be butter named ag buttoux-vertex in
microqravity conditions, unless the crewmembar were measured with
2 {irm preasure on shoulders presasing him or her againat a fixed,
flat "sitting®™ support surface. All sittin® diimensions (vertex,
eye, shoulder, anc elbow) increase in welgh “ssness by two

changes:

a) Rellef of pressure on the buttock surfaces {estimatad {ncrease
of 1.3 to 2.0 cm (0.5 to 0.8 inches}.

b) Sxtansion uf the splnal column a2z explainad in note 1 above
3% of stature on ground.

haference. 274, pags 121-128
ki1

1

1
Iy

vé 203

Figure 33.1.3-1 Body Size o the A40-Year-Old American Wsle and 40-Year-Oid

Japanese Femaie for Year 2000 In One Gravity Conditicns (continued)

37

R s P



NASA-STD-3060/VOL.VI

40-Yaar-0ld Japsnese Female .

i
—A .
Q\ lem .
388y ——
e
+4
¥
AN
.
- ’ 13
Mcrogreviy notes | No Drrarslon ] Ghpercartie | 50hpeceiio | S5 sercentie i
QD O 25 | scromisl (shouideq) beigi 188 (478 | 1y 500 | 148 Q3o ,
T
(7] Trochamar heght o (220) ™7 02 224 3 ;
—— i
873 Ticis's haight 8 (141) 363 (155 427 (188) 4
122 gickenoid (srouldar) breedtn e (140 388 (15.3) 421 (18.8) {
m Crawt breackn 245 BN | 288 08 | 290 g1 i‘w
a4 457 Hip bresdth 305 (12.0) 32k {129) 313 (139 3.
188 Blzygomatic {tacs) breath 123 83 143 6.7 1687 &) )
|13
27 | Headbreatn 164 5N | 188 @81) | 188 (89 wgf
Vakiet in ¢ vith kchae in parenthasss g: X
i '
Notes:
A) Measurerent data - Ths pumbera sdjacent to each ¢f the dimensicns
are reference codes., The axme codos are in Volume II of Reference 16,
Reference 16, Volume II, providea additional dara for these
measurements plus an explanatli.n of the measurecent technigue.
B} Applicaiion of “'+mensions to microgravity condicions:
@ stature increases arproximately 3% over the first 3 to 4 cays in
weightlessness (3ee Figure 3.2.3.1-2). Almost all of this chenge
appears in the spinal column, and thus affects (increaser) other
related dimensions, such ag gitting height (butiock-vertex),
shoulder height - sitting, eve height ~ sitting, and all
dimensions that include the spine.
@ Shoulder or acromisl neight, sitting ¢r standing, increaszes
during weightlessness due to two factors:
3) Removal of the grevitacional pull oa the arms.
b} Extenesion of the spinal column as explained in note 1 above
(3% of atature on ground).
s
Refure~ca: 274, page 121-128 b
308 o
35 >
Figure 3.3.1.3-1 Body Size of *he 40-Year-0i¢ American Melo and 40-Yesr-0d
Japanese Foaule for Year 2000 In One Gravity Conditions (Continued?
3-8
B
—_— 3;;
- .~ e 2D



NASA-STD-3000/VOL.VI

40-Yoxr-0ld American Male

~ap .

PRI

~e

» )
3]

Microgravly mtes | No. Dimenaion Sthpercentie | SOthpercentie | 95th parcentie

m 2 Acromial (shovider, Feight 1980 (G4 | 478 (584 | 1578 (818)
Po4 Trochanteric heigh? 533 (348 | o8 @8 | 1028 (408
- Tols height
122 Bideloi (shouicer) breadih I 446 (17.85) | 488 (03) , 632 (209)
23 Chast broscth BT MY | 32 (08 | 367 (e
457 Hi breacth W7 (128) | BB (141) | WO (154)
188 Baygematic (face) bresdth B4 63 | 143 B8 | 351 @00
@7 Hoac braarth s B8 | 157 (320 | 185 (05

Values :n am with inches it pareniheses

ve 268
6 of 13

Notes:

A) Measurement data - The numbers adiacent to each of the aimansions
are reference codes. The saw: codes are in Volume II of Reference 16.
Reference 16, Volume IT, provides aadiiional data for these
measurements plus an explanation of the measuremeni technique.

B) Application of dimensions to microgravity conditions:

@ stature increases approximately 3% over the first 3 to £ days in
weightlessness (ass Figure 3.2,3.1~-2). Almost all of this change
appesrs in the spinal column, ard thus affectz fincreases! other
relatec dimensions, such &8 sitting height (buttock-vertex),
shoulder height - sirting, eye height - sitting, and all
dimengions that include the spine,

(3 shoulder or acromial height, sitting or standing, increases
during weightle~gnesa due <5 uwo factors:

a) Removal of the gravitacional pull on the arms.

h) Bxtension of the spinal column a& explained in note . above
{3% of stature on ground}.

Reterence: ¢74, page 121-125
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figure 3.3.1.53-1 Body Size of the 40-Year-0id Aws...an Male ard 40-Year-0id
Japaness Fomale for Year 2000 in One Gravity Conditions (Continued;
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40-Yozr-0id Japrnese Fomale
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Microgravty noles | No. Dimension Sth percantile §0th owrcanite | 95th parcentile
747 Shouider circumterencs
2% Cheat sivuniorente nZ 288 £21 323) 90.8 (35.8)
©® 931 Walst circurmizience B3 218 ' 332 @49) |77 @)
® £52 Thigh cirumtsreece S8 (179) | 518 203) | 677 @27
® 515 Knes circurrierence 30 122) | 34e (138 382 18N
. @ 207 Cai crcurferenos B3 (11.8) U1 (134) 378 (149)
13 Bicepe cirumicrencs, relexed 21 3.8 255 (16.4) , 493 {11.5)
267 Wriet circyriference 137 6.4 150 {3.0) ! 182 (8.4)
1M p&xm ciroumiarenon, eseu
| ) Fomarm cicumfarencs, relexed 129 78) | 220 BN |21 (9.8 ‘5‘9
_ ' Values in om with inchee in parerthesss e.
Notes -
A) Measurement data ~ The numbers adjacent to each of the Jimensions
are refzerence codes, The same cod~3 are in Velume II of Refer <ce 16.
Reference 16, VYolume II, provides « diticnal data for these
measurements plus an explanation of the msasurement technique.
1) Application of dimensions toc microgravity conditiona:
CD Lag circumferences and diametwrs significantly detreusa Zuring
the first day in microgravicy. See Reference 1§, Appendix C, for
details and neasucements of actual persons.
® waist circumference will decreasm in microgravity due %o fluid
shifts to the uppe: toido. See Figure 3.2.3.1-2 for measuremerts
noaciuval perrons.
Reference: 274, pago 12i-128
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sk &
o
>

Sigurs 3.3.1.3-5 Sodv Size of the a0-Year-Old Amsrican ¥ale and 4(-VYear-0ld
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Japanese Female for Year 7000 in Uns Gravity Ccrostions (Continued)
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40-Yoar-0id American Hale

) et
f |
Micrugravity notes No. Dimnitaa 5th parcantile 50th percentile | S5th percertie
747 Shoulder circiméerence 1095 (48.1) | 1192 (46.9) | 1288 (50.7)
20 Chest clrcurerance W4 (352§ 1000 (6.4 | 1108 (438)
O %1 Waist circunmvenencs 774 308) | 895 @52 11018 (&1
® 852 Thigh cirsurrference 525 07 | 800 8 | T4 s
€ e5 Roee circumerence 39 (141) | 94 (155 | <29 (189
& %7 Cal cirrumference 39 (155 | T8 (148 | 414 {183)
4 113 Biceps cicumierence, relaed 273 G0N | 313 (23 | 351 (138
967 Wriet circumierence 182 m& | 177 GO | 183 08
111 Biceps cizumisrence, flexes 20.4 (11.8) A2 (12.9) | 369 (145)
369 Forearm circumferance, reiaxed 274 (10.3) 201 (11.8) 32.7 (129 g
Yahues 1 am with inchae i parerihesss g

Notes:

A) Measurement data - The numbers adjacent to each of the dimensions
are reference codes. The same codss are in Volume II cf Reference l6.
Reference 16, Voiume II, provides additicnal dats for these
mzasurements pluc an explanation o -he measurement technique.

B) Application of dimencions to microgravity conditions:

(® Leg circumferences snd diameters significantly decrease during
the first day in micreogravity. See Refarence 16, Appendix C, for
details and measurements of actual percons.

& wWaist circumference will decrezse in microgravity due to fluid
shifts +c ..e upper tor:zo. See Fiqure 3.2.3.1-2 for measurements
on actual personr.,

Reference: 274, pagy 12i-128
308
351
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Figurs 3.3.1.3-1 Body Size of the 40-Year-0ld Americon ¥ale and 40-Year-Jld
Japr :ss Femals for Yezi 2000 In One Gravity Cunditions (Centlnued)
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MASA-STD-3000/VOL.VI

40-Year-0id Japanese Female

Meaguremsnt data ~ The numbers adjacent tov each cf the dimensions are

reference codes.
feferencs 16, Volume I:, provides additional data for thesa
mesguremants plus an explanation c¢cf the msasurement technique.

Seference: 774, Page 121-128

308
351

Figurs 3.3.1.3-1

T
I m
$7
382 356J
J S
\ S
{ !
|
{
H
Microgravity nctas i Na, Dimersion Sthosroentiia | SOthparcantie | 95h percertie
- .24 Thuxnb-tie reech 852 {25.7) 718 (8. T80 (0N
772 Slamve longeh
441 Head tongii 18,7 {6.8) 122 I 88 0.7
430 Haad clrcumierance $32 o9 882 2.7 G_Z_.i 12.5)
[r 536 Mentcn-saliinn (face ) length 00 @38 108 42 123 B0
' 362 | Foxiength 03 24 | 29 po |24 py
T 358 Foot beeacth 38 34 83 AN 0.0 P8 —
4 Bﬂdbrxﬂm.m 210 (A3) 2.7 &W 243 (8.8)
Yaiues in om vath inches in perenthazan
Notes:

The sama codes are in Voi'ume II of Reference 16,

e 268t

Body JSiza of the 40-Year-0id Americen Haie snd 40-Yesr-0ld
Japarase Femnle for Year 200C in One Gravily Conditions (Continued)

3-12

Ve 288
11 of 13

’—,

ST -

we

e ARIDN, gy

"

- n



NASA-STD-3000/VOL.VI

[

40-Teer-0ld American Hale

382
P RSN,
[ 3
I 87
’ 3
‘ v
b
l‘ il ;
Microgravity notas No. Dimangion St psroentie } Sh percamde | 3Sthparcentis
37 Tnumb-tip reach 74.95 (29.5) 816 (3Y) 38.2 (4.7)
7T Sieeve langih 882 (33.9) 22.0 (36.2) £7.9 (33.5)
441 Head isngth 188 (7.4) 260 [7.9) 211 83
430 riead circumisrence 555 (21.s, 5783 (28 602 &R.7)
588 Menten-seliion (face) length 111 (4.4) 121 (4.8) 131 (.2
362 Foot langth 25.4 (10.0) o3 (10.8) 28.3 (115)
356 Foct breadth 40 35 9% A 10.7 .2
Ir]
$7 Rail of loot circumisrancs 231 (0.9 24 (9.9) 7.2 (10.7) -
Ng
Values in cm wiih inches in parentheses gﬂ
Notes:
Measuremant data - The numbers adjacent to each of th~ dimensions 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 measuremeint technique.
Refarence: 274, Page 121-128 E
308 :
351 >
Figure 3.3.1.3-1 Body Size cf the 40-Year-Old Amarican Male and 40-Year-UOld
Japansse Femals for Yeer 2000 In One Gravity Conc'’'>as (Continued)
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Range of motion {degress)
et movement i Males (nota a) Femalve (ncie a)
Fgure {ncte b) Sthparcantie | 9Sth percentle St paccentile 95 porcentie
o Neck, roxation ight 732 .6 749 108.8
Neck, rotation ket 743 9.1 722 108.0
@ Neck, flexion 345 7.0 460 8i.4
Neck, sxtention 85.4 103.0 849 103.0
Naok, latere! right 4.8 Qs 37.0 £.2
® Neck, letera! loft 35.5 835 20.1 n2
| @ | snouser, abducton 1732 1e8.7 1726 1929
® Shouider, rotatior: lat 453 06.7 538 5.8
| _ | Shouds rotaion mad %05 128.6 9538 136.9
® Shuuider, flsxdon 164.4 2109 162, 2170
Shouldsr, extension 360 &3 317 s
@ EMbow, fiexion 1405 15980 1449 188.9
| Perearm, pronstion 782 1184 223 1189
Forearm™, sLal o 834 126.3 3.4 139.3
Wrist, radiel 169 %7 161 38
] Wt 126 ae 215 3.0
o Wiz, faxion 815 4.8 622 93.1
' Wrist, extansion’ 40.1 7.9 423 787
@, Fip, flexion 1183 148.0 1185 146.0
T 7@ | i, abducton 268 635 272 855
@ | Knes, fiaxion 1164 145.8 1252 1482
Ankle. olantar 381 73 142 2.1
l ® Ankle, dorsi 8.1 199 89 i 17.4

Relersnce: 365, Fgure3 711w 713
111

ol o Data was taken 1979 snd 1980 at NASA-ISC by Dr. William Thoimton and John Jackaon. The siudy was mads
weing 192 madas .. .san age 33) 22 female: (rrean age 20) astronaut candidaies (ses Referance 585)
b. Limbrangeis aver. _. o° ngit and left imb mavement.

V8 340
10t 3

Figure 3.3.2.3.1-1 Joint Movement Ranges for Msles and Femalss
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Nack Retation, Nech Extenslon (A}, Nack Latersl Band,

Right {A), Lafi (B2 Flexian (8) Right (A), Left ()

Murizzatst ddduclion (A),

Shoulder Actation,

Herizentar Abducticn (B) Laters! (A), Modiai (B}
A @
§
.

Shouider Flaxion (A), e
Extanyior (B) Elbow Flexicn (A},
Extansion {B)
Reforcnce, 335, Figuwes 71115713 ¥ith Updates

1119

Notes: Data wastaken 197G and 1960 a1 NASA-JSC by Dr. Willism Tharrton and John Jackson. The #tudy was made using
192 rhales (Mmean age 33) 22 fernaies (Masn age 30) asironaut candidates (s6e Foference JBS)

Vs 240
2013

Figure 2.3.2.3.1-1 Joini Movement Rangss for Mal«s and Femalss (Continuad)
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1

- i st
Foresrm Bupination (A}, Wrist Ulnar Bond (A), Wrist Fisxion (A],
Pronsticn (B) Racdial Bend (B) Exrension (B}

wohs

i

Hip Flexion

mnkis Piartar Extansion (A),
Knea Flexion, Prons Doril Flaxion (B)

Falsrance: 365, Figurae 71110713
1M

Nctas: Data was taker. 1379 and 1980 5t NASASC by Or. Willam Thornton and Johin Jeckeon, The study was made sing
192 males {(mean age 33) 22 lsmalos (Mmear age 30) asironaul candidatoa (see Reierance 365)

ve 349
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Figure 3.3.2.3.1-1 Joint Hovement Ranges for Males snd Females {Continued]
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NASA-STD-3000/VOL.VI

8.3.2.3.2 Joint Motion Data, Two Joints Design Requirements

The range of movement for two joints is given in this paragraph. The changes in range of motion
of a given joint when supplemented by the movement of an adjacent join: are summarized in
Figure 3.3.2.3.2-1. The following information is given in this Figure:

a. Single Joint Movement Baseline Range -The baseline values of given joint motions with the
adjacent joint in neutral position.

b. Effect {in Degrees) of Movement of an Adjacent Joint - The increment ¢r decrement which
takes place when an adjacent joint is flexed or extended in varying amounts (1/3, 1/2, 2/3
and/or full).

c. Effect (in Terms of Percent of the Baseline Range) of Movement of an Adjacent Joint.
3.3.3 Reach
3.3.3.1 Introduction - N/A
3.3.3.2 Reack Design Considerations - N/A

3.3.3.3 Reach Data Design Requirements

The data in this section shall be used as appropriate to achieve effective integration of the crew
and the Assured Crew Return Vehicle. (See section 4.10 for Etfects of Deconditioning.)

3.3.3.8.1 Functional Reach Design Requirements

Equipment and controls requirsd to perform a task shall be within the reach limit of the
crewmember performing the task. The followng is the functional reach limit data for persons
wearirg non-restrictive clothing. (For additional restrictions due to the crew decondidoned effects,
refer to section 4.10, Deconditioned Crew Capabilides).

a. Torso Restrained Reach: Boundaries -The functional reach boundaries for males and females
with their shoulders against a flat backrest are given in Figure 3.3.3.3.1-1. The functicnal reach
boundaries applv to tasks requiring thumb and forefinger grasp. Figure 3.3.3.3.1-3 defines
adjustment for other grasp requirements,

b. Waist Restrained - Adjustments can be made to the data in Figure 3.3.2.3.1-1 for bending at
the waist to achieve differenc back rest angles. Figure 3.3.3.3.1-2 provides data for making these
best angle adjustments. This data applics to 1-g conditions only, and requires adjustments for
spinal lengthening in microgravity.

3.3.4 Neutral Body Posture - N/A

317
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NASA-STD-3000/VOL.VI

Change in range of

Full range movemsent of A (degraes)

of A Movamant of B (fraction of full range)

{degrzes)

Two-joint movement Zero 13 12 273 Full
Shouider axtension (A) £5.3 deg +1.8 deg +0.8 dsg +5.3 deg
with elbow flaxion {B) {10.7%} (101.5%) (108.2%)
Shoulder flexion (A) 180.7 deg ~24.0 dag =36.1deg | ~47.4 deg :
with elbow fiexion (B) (88.9%) (81.0%) {75.0%)
Elbow flaxion LA} with 152.2 deg ~3.78 deg -1.22deg
shoulder extension (A) (97.5%) (99.2%])
Elbow texion (A) with | 152.2 deg - 0.8 dog ~0.8deg |-€9.0dsg ;
shouldaer flexion (B) (99.6%) {69.5%) (54.7%) r
Hip flexion (A) with 53.3deg | =35.6 deg® | ~24.0deg - 8.2deg |—12.3deg '
shoulder flexion (3} (33.2%) {65.0%} 88.4%) (768.9%)
Ankle plantsr flexion{A) 48.0 deg ~3.4 deg +0.2 deg +1.8 deg
with knee flexion{B) (82.8%) (100.4%) | (103.3%)
Ankie dorsifiexion (A) 28.1 deg =7.3dey - 2.7 deg =-3.2dn3
w 'th knee flexion (B) {72.0%; {88.7%) {87.7%)
Knes ilexion (A) with 127.C deg ~3.9 deg ~ 4.7 deg
ankle planc.. flexion(B) {92.2%) (86.3%)
Knres flexion (A) with 127.G deg = 8.7 deg
ankle dorsiflexion (B) {93.0%)}
Knne flexion {A) with 127.0 deg -19.6 deg -33.8 deg §
hip flaxion(B) (84.6%) {73.5%) -
>

“Thae knee joint 15 tocked and the unsupcorted leg extends out in front of the subisct.
Refaranca: 16, pages Vi-12 to VI-15

Note:

The foilowing is an example of how tha Figure it 1o be used. Tha first entry is read &: fcliows: the shoulder cen
be extended a; far as 59.3 degrees (the mean of the subjects tested) with the elbow in & neutrsl position {locikes4
in hyperaxiension). When shiouider ¢xtansion was nisasured with the elbow fiexed 1o 1,2 ot ite full joint range,
the mean vzlue of shoulder extension was found to increase by 1.6 dagrees, or 102.7% of the base vsiue. The
resuits for other movements and adiacent joint positions arn presentsd in @ similar manner.

Figure 3.3.2.3.2-1 Change in Rznge of Movement With Movement in Adjacent Joint

3-18
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NASA-STD-3000/VOL.VI

Horizontal Plane

Thumb and lorefinger grasp boundarias lof varying
dimentions of A (A poative above SRP)

o~ Seat back 13° aft
of vertical

[
Afem) = 137 N Sant rafersnce
122 point (SRP)
0?7
81
%
81 <
“ ‘l ’
30 N\\L
+16 £ o
0 Sest pai: ¢ sbove
Horizontsl
15
’ C Morizona! ' —
plane
Zth percantile outer boundary and
inner baundary (innner curve)
e s e wme mm e wm = S(th percentile outer boundary -4
“ -
e 3 e & e @ —= 9517 percentile cuter boundary §°
-

Refarence: 210, Pages 351052
NOTES:

a. Gravity conditions - the boundaries apply to 1-G conditions on’
Microgravity will cause the spine tc lengthen, and adjustments shou.d
be made based on a new ghouldsr pivot location.

b. Subjects - vhe subiacts used for thie study aro representative of
the 1367 Air Force population estimates defined i, Reference 16,
Chapter III

¢. The Seat Rafarence Point (5RP), defined as the origin point for
all resch iimit meagurements, is located at the junction of two
planes which define the seat back and the seat pan, and a third plane
which precisgely bisects the subject's body front to back.

d. Each of the following diagrams represents a norizontal plane in
which the reach limit of the subiect (men, women) is determined. The
vertical distance of thls plane from the SRP is indicataed in
centimeters in the note in the upper right hand corner of each
diagram. The subject iz seated with respect to the SRP, as defined
above. The radial extenders from the SRP projection on the plane of
interast are labeled in deqrees from the line extending directly
forward from the subject. The numbars along these extenders

(40, 80) represent distances in centimeters from the point on the
plane of interest at which the 3RP is projected.

Ve 453

Figure 3.3.3.31-1 Grasp Reach Lisits With Right Haid for Assrican Male and
Fexzle Populations
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NASA-STD-3000/VOL.V]

Horizontal Plane

Men -15 ce Womon -15 ¢
Hf.rnlfontl‘ FWD H‘;fll‘:mtai
Fwo rdogl 2 " dag)
18 ! ;&“g / 30
© x e ] M @
‘ \ / ! ©
60
nk /_)// 7%
»:his\-.x. g\ 1{2% )
106
| N
136 / / \ 120
160 185 15p 168 150 138 / - Sos

160 136 g0 168
APT

AFT

0 ca {SRP}
Wen Horizontal Romen

plane
WD deg)

136

180 166 190 105 20
AFT
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NASA-STD-3000/VOL.VI
Horizonts! Plane
+15 ot
FWD Horizontsl
0 15 plane
Women Irheg)
15 Lm 30
% o ®
48 -
60
A
60\
t 75
75\‘:,’_\: .
AN
oe-———-—-v—“"& - e %
A\
‘05// / 7
/ e
120
N ‘,0
126 \\
! 135
150 185 180 186 '8¢ 1% 186 130 166 'S0
AFT AFT
+30 em
Horizontai
: plene
Womon FWD {deg)
Man @ 0 18 @
13 ac
© * A\ 2t/ e
45 45 '
50\ 80 ; \
76 T6—.. .éhb-
m - m LU X
]
ms/’// 105"
120 /// 120
135 135
150 185 19 185 90 0 185 4y 165 0
AFT AFT
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Horizontal Plane

Men +48 cm
rorizontal
FWD plane
0 {deg)
15 18 )
©
80
75
50
105
120
\
\ 135
150 165 180 185 150 B0 185 180 185 189
AFT AFT
Men +67em Women +£1cem
Horizontal Horaonts!
: . plans Piae
FaD (g} (dog}

Vs is8
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NASA-STD-3000/VOL.VI

Horlzontsl Pans
+76 em +78 om
Horizontal rforiiontal
FWE plana FWD plane
Men 0

{deg) Womon (‘) . (deq)
i

o

+9% em 0ot
Horizomal Horlze
W FWO plons Wornen FWD piane

W
0 (deg) o {deg)
|
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Horizontai Pisne
Men +107 :
FWD Herizentsl
1] 15 plans
N 152 l / / 30 {deg}
®
45
(31

4 / {
150 185 159 165 150
AFT

180 185 180 135 150
AET
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AL Plare

Thumb ard forefinger grz=p Loundaries lor
varying dimensgions of A (A positive left of SRP)

-15
-30
8
Alcm) = —87
]
Seast -
feterence
peint
(SRP)
5th parcantiie outer boundary and \J y
inner coundary (innner curve)
- ———— ———— - S0th percentie cutar boundary \<

—_— 0 e B & = 85th parcantiia outer boundary

Palererce: 310, Pages 35052
NOTES:

a. GCrwity cerdit.ons ~ tha boundaries apply to 1-G conditions only.
Microgravity xill csusa the ¢pine to langthen, ana ajjustments should
bs made bssed on a new shouldar pivot locating,

b. Subjects ~ the scbjects used for tnis study are representative of
the 1957 Air Force populatior 2ztixzatesz defined in Rofarence 1§,
Cheprer IIT

¢c. The Seat Rafare.ace ®cint (SRP), defiaed &3 ths origin point for
ail -feach lialt measurerents, is locatsed at the junction ot two
planes which define the seat stk and the seat pan, and a third plare
which grecisely bisects the subject's body front to back.

d. Each cf the followlng dirgrams rapcesents an XZ plane projection
in which ths reach linit of the sudiect (men, women) ir dstarminsd.
This plane is perpendicular to holh the "seat back® and the “seat
pan® planres. The diatance of this vertical plane froe the SRP is
indicztsc in centimsters in the note iu 3 upper right hand corne:
of sach diagram, negativa numbezs to tue right and pasitive numpers
tc the left relative to the subject. The subject (s ssated with
reapect to tha 3RE, s delined il~va. The horizontal lines indlicare
varzical diegtances in centimeters frce the SWP projection point on
rthe plane of interest. <The numbers located along tha horizantal
linse {40, 80) repressnt norizcontal distancas in centirmaters, in this
veriical plane from the SRP c-ojection pcint on this plane.

ve 468

Figure 3.3.3.3.1-1 Grasp Reach !lmits With Right Hand for imer:can Mzle and
Femaje Poou:ations {Continues)
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R o T . e 4

AZ Plane
-@lem
X-Z
Bien Vertical contcurs
|
137 em
£0
N 122 40cm £m
JQ7 e
?1
————
78 » Xy
) 80 40 [ \ 40
81 + B
y
a8 e A
] \‘./
F 30 ’L
15 ‘
¢ 80 cm 40 [‘}* 40 cm
. lSRP
'; 15 cm I
1' FWD ' AFT
i
~78 :m ;(726cm
x'z v. . >
. Men Vertical contours Woensn Verucs contoun
. ; 137 em
e { 1% 40 om 40 em
122 40 cm : 40 an ‘
107 i oS 107 !
o [l /————\\‘ e\\ _ 01 ) B
/ i T, - P—
’ % L ,/ N N 78 G v ’
’ N\ \ 40
PN ¥ 4 N ) Ny TPV SN
' 1/ !
43 L\ \‘ . 7 /1 45 \ B e ]‘*
AN\ v . o
€ 30 T -— - T >
\\-p-/// \.,./
15 ‘ﬁ“q—/“ 13 -
B 80 em 49 & ADem £ em 40 e 40.cm as
’ SR ¢ Vsrp ~e
- (4
il T 16 e : ‘e
Fro | AST "“‘MD I FT
1
3
3-2%

Y



\-STD-3000/VOL.V]

XZ Plane
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XZ Plans
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_Y_g Plare

Thumb and forefinger grasp boundaries for
varying dimensions of A (A positive fwd of SRP)

Alcm) --6146

Seat
ratorence -]
point

(SRP)

5th pere- ~ti'a vuter boundary and
innar boundary (innner curve)

— e i e e e e §0th porcantile outer boundary
e @ e G e @ e §5th percentile outar boundary

Referance: 310, Pages 3510 52
NOTES:

8. Gravity conditiona - the boundaries apply to 1-G conditions only.
Microgravity will causs the spine to lsangthen, and adjustsents should
be mada based on a nex shoulder pivot location.

b. Subjects - the aubjects used for this study are representative of
the 1967 Air Porce populaticn estimates definsed in Refsrence 16,
Chapter 111

c. Ths Seat Reference Polnt (SRP), definad s the origin point for
all reach limlt xeasurements, ie located st the Junction of two
planes which cdefine the sasat back and the 3eat pan, and a third plane
which precisely bisecta the subject's boay front to nsck.

d. Each of the foilow ; dlagroms represencs an Y’ plans proiecticn
in whicn the reach limit of the subject (msn, weman) la detarmined.
This ie a vertical planc¢ which is parallsl to tiav line defined Dy fhe
intersection of the “"seat back" and "seat pan® planss. The distanc.
of this plane from the SRP is indicated in centimetere in the note in
the uppaer right band corner of each diagrem, negative numbers tec the
rcer and pogitive numbare to the front relative to thae subject. The
subjact is seated with respect tc the SRP, as defined above. The
tiorizontal lines indicave vertical distances in centisetsrs from the
SKP projection point or the plane of intereat. The numbers located
&lony the horizontal lines (49, 8") re resent horizontal distences in
centizmetera, in the vorcical planc f.om the SKP projaction peint on
this plane.

Virtical
YZ piarn

ve 288
8 of »

.

4

Flgure 3.3.3.3.1-! Grasp Reach Limits With Right Hend for American MWale

Fomale Fopulatians (Contini:zd)
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3-35
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YZ Plane
-30 e -30cm
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YZ Plane
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YZ Plane
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Dirsction of srm resch Approximate changes in reach for
{from O dag or “straight | each singie degres of change in
shesu,” 10 80 deg to backrast sngle (reach incroases s
tha right) backrest angle maver to vartical,
{deg) 8nd vice versa)
0 £1.972 cn (£0.40 ja)
i5 11.27 em {10.60 In}
30 ¥1.14 om {20.45 in)
45 +0.84 om (2057 in)
60 10,88 zin (20.268 in)
78 10.38 om (0,14 In} P>
90 £0.26 em (20.10in) :
>

Refarence: 16, Volume 1, page V61

Figure 3.3.3.3.1-2. Changes in Arm Reach Boundaries as
3 Functrion of Verist'on in Backres?

Angls of 13 Degrses From Vertica
Type of task Adjustirant
Fingar tip operation +7.0cm (2.8 In)
Full hand gresp -5.8cm {2.2 in)

Refsrence: 310 pp B84

Ye 274

tigure 33.2.31-3 Adlustment Io Thumb »nd
Forefinger Gresp Reach Boundaiiss
for Other Types of Grosping Tasks
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3.3.5 Bodv Surface Area
3.3.5.1 Introduction - N/A
3.3.5.2 Body Surface Arca Des’gzn Considerati~us - N&

3.3.5.83 Body Swurfsce Area Datr Design ReJuiremeits
See Figure 3.3.5.3-1.

3.3.5 Body Volume
3.3.6.1 Imtzoquction - N/A
3.3.5.2 Body Volumie Data Design Cop!”<:ations - N/A

2.3.6.c Body Volume Dat: Design Kequirements

The data in ~his sectior chall “e used as appcopriate to achieve effective integraton of the crew
and the Assure <Crew Return Veiucle. Body volumes for the crewmember population are given in
Figore 3.3.6.3-18r.13.3.6.3-2,

3 7 Body Mac< Brc perdes - N/A
3.3.7.1 Iniroduction - N/A
3.3.7.2 Body .~ -gs Properties Desigr Considerati=. 3- N/A

3.3.7.% Sody Fiass Properties Det . Tasign Requirements

The data in rhis se. on shall be used ss appropriate to achu._ve effective integrati~~ of the crew
and space systems.

3.3.7.8.% Body Mass Date Design Requirementc

3.3.7.3.1.” Whole-Body Mass Data Deslen Requirements

vt ¢ Cady mass data for the creww..cmber population in 1-g is in Figure 3.3.7.3.1.1-4.

3.3.7.3.1.2 Rody Scgmaent Mas=z NLia "»2s7gn Jegquirements

Dod: segmenu mass dats for t© ... ~rican male crewmember ir 1-g Is in Figure 3.3.7.3.1.2-1.
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3.3.7.3.2 Center of Mass Data Design Requirements

3.3.7.8.2.1 Whole-Body Center of Mass Data Oesign Requiremeis
The whole-body center of mass iocation data for the American mele crewmemterin I-g is in

Figure 3.3.7.3.2.1-1. Equations for iccatin the whole-body center of mass in males of different
sizes are giver in Figure 3.2.7.3.2.1-2.

3.3.7.3.2.2 Body Segments Cenier of Mass Data Design Requirements

Canter of mass of body location data for body segments of the American male crewmember in
1-g is in Figure 3.3.7.3.2.2-1.

3.3.7.3.3 Hcment of In~rila Data Dezign Requurements

3.4.7 .3.1 Whole-Body Moment of Inertia Data Design Requirements

Whole-body moments of inertia ua*a for the American male crewmember in I-g is in Figure
3.3.7.3.3.1-1.

3.3.7.3.3.2 Bofv Segments Moment of Inertia Data Design Requirements

Lody segment noments of inertie data for the American male crewmember in 1-g is in Figure
3.2.7.3.3.2-1.
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NASA-STD-3000/Y0OLY]

Americen male
crewmember
body surface ares

5in Percenuie | 17.600 em? (2730 )
Scith Pescentite | 20,190 em? (3130 inf)

§5th Percentiie | 22.5&3%2(3520 1n2)

[

Re! rence: 272, page 1

Ve 284

tiotes:

i merczn male crewmember popuiation i
oefired in paragrapn 3.2.1, Anthropometric
Daiabase Design Considarstions,

5. Data 2poiy to 16 conaitions,

Figure 3.3.5.3-1 Estimated Body Suiface Ares
of the Americsn Maic Crewrne 1bar

Amencsn maie
crewniomber
bodv roiume

-

Bth Percantie | 68,640 e (4190 1)

50w Pe-escitile ! 85,310 am? (5210 in3)

O5th Persetla J 101 840 em? (8210 1n%)
Refermnce: 276, pages 80, 81

283

ve

Note:
a. Thesa data aopiy to -G condititng only
b American riale crewmember populsiion it

defingd in Paragraph 3.2.1, Anthropometric
Datatsze Design Consicerstioms.

Sigqure 3.3.6.3 & Whoie Body Volume of 4merican
Maje Crewmember

eilegeasy M w

P ol st
- v -
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NASA-STD-3000/VOL.VI
Volume, c73 (ind)

Segment Sih perceniile 50th percentila 35th percentile
1 Head 4260 (260) | 4400 (270) | 4580 (280)
2 Neck 930 80 | 1 o | 20 (@)
3 Thorax 20420 (12501 | 26110(1590) | 31780 (1940)
4 Abdorran 200 (120; | 2500 (150) | 2960 (180)
5 Povis 920 (570) | 12300 (780) | 15150 {220)
s Upper ama * 1800 (100) | 2050 (130) | 2500 (150)
7 Forsarm * 1160 70) | 1480 (30) | 1720 (100)
8 Hand %0 (30 53¢ {30) 610 (40)
¢ Hig fiap * 2890 (180) | 3640 (220) | 4380 (270)
10 Thigh mirus flap * 5480 (330) | 5700 410) | 7920 (489)
1 car® 3320 200) | 4040 [(25Q) | 4730 (290)
12 Foot * 8¢ (800 | 1010 (60) | 1180 (70)
5+4+3 Torso 31870(1940) | 40910(2450) | 49870 (3040)
9+10 Thgh® 8360 (510) | 10340 (830) | 12500 (750}
748 Forsarmplushand ® | 1840 (1005 | 18 0 (120) | 2220 (4o

Ratfersnca: 276, pages 32-79

Notss:

* Avarage of nght and stt sides

&. These data apply 10 1-G conditiong only.
b Thae Anerican male crawmember population is defirec in Paragraph 3.2.1, Anthropometric Database Design Considerations

Figure 3.3.6.3-2 Body Segments Volume of the American Male Crewmamber
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V/hois body mass of yesr 2000 crewmember population (age 40)

Mala (Amaerics) Femals (Japaness)
§th S0th 9Sth Sth S50th 95th
percantile parcantile percentile percsntile percentile parcentiia
65.8 kg 82.2kg 88.7 kg 41.0kg 51.5kg 61.7kg P
(145.1 &) l (181.31b) | (217.21) (0.4 b) (1125 b) (136.0 Ib) :
>

Reference: 16, pages i1i-92, Ll-85

308
Notes:

e wap .

a. These dzta apply to 1-G conditiens snly. Fludd lesz== in microgravity reduce
thess massen.

b. Year-2000 crewnmember nopulation is defined in pzrsgraph 3.2.1,
Anthropomstric Database Dssign Considerations

. _.«o.rr!- S

Figure 3.3.2.3.1.1-1 Whole Body Mass for Year 2000 Crewmember Population
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NASA-STD-3000/VOL.VI

Mass , gm (o2, weight }

Segmeit 5th parcentile S50th percantiia | £5th percantis

1 Hea 4280 (150) | 4400 (180) | 4550 (160)
2 Neck 830 (30) | 1100 (40) | 1270 (49}
3 Thorax 20420 (720) | 2811C (920) | 31780(1120)
‘ Abdorren 200 (70} | 2500 (%0) | 2960 {100)
5 Paivis 9420 (330) | 12300 (430) | 15150 (530)
Upperarm * 1600 (80) | 20€C (70) | 2500 (80)

7 Forearm * 1180 (40) | 1450 (50) 1720 (60)
5 Haxd 460 (20) 530 (20) 810 (20
9 Hipflag * 2390 (100) | 3840 (130) | 4380 (150)
10 Thigh minus fap * 5480 (190) | 6700 (240) | T920 (280)
39 cex® 3320 (120) | 4040 (140) | 470 (170)
12 Feot ® 840 (30) | 1010 (40) | 1180 (40)
5+4+3 Torso 31870 (1120) | 40010 (1440) | 49870 (37 60)
9+10  Thgh® 8360 (250) | 10340 (36¢) | 12300 (431
7+8 Forearm siushand® | 1840 (80) ! 1980 (70 2320 (89)

Refcrance: 276, pages 32-79
Notes:

¥ith Updates

2 Thess Jata apply to 1-G conditions.
b. The American malc crewmembaer popuiation is ¢sfined in Paragraph 3.2.1, Arthropometne Catabase Design Congiderstions

’ Avarege of rght and left sides

Figure 3.3.7.3.1.2-1. Mass ¢t Body Segmenist ‘he American Male Crewmember
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NASA-8TD-3000/VOL.VI

Whole body centsr of mass for the Amarican male crewmambar (1 gravity ony)

cm {in)
Dimsrsion Sth percantils SCthpercentils | 95th percentile
2
|
!
()
;.(z;g
{ 4\
-4 - L{Y)
Ef‘il
}
L{Y) = 1/2 distance betwaer anterior
tuperiqr i_iiac spine landmerks
(1/2 bispinous braacth) Lo 88 (5.4 1 38 5.6 (28)
ﬁ LY 11.7 (4.8 12.7 49 133 (5.2)
] S L2 75.7 (29.8) 80.2 (31.6) 84.7 (33.3)
1. Standing
g
Z‘ L(X) 87 3.4 80 (3.8 94 (7
}:1 Lt 117 48) 125 (4.9) 133 (5.2)
I
Hea) €2.9 (27.5) 739 (29.1) 778 (30.7)
2. Stending, Arms
Over Nead

Relsrance: 16, Chapter iV
250

278

Notes:

ve
1o0f 3

8. Theze ata apply o 1-G conditizns. 7o estimate canter of maas localion in microgravity, muliply the L(z) ligure by 0.9.
. The Amaerican male crewi yember population is defined in Paragraph 3 2.1, Anthropomstric Darabase Design Cansiderations

Figure 3.3.7.3.2. 1-1. Whole Bocly Canter of Mass Location of the American Male Crewmamber
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NASA-STD-3000/VOL.VI -
)
!
I
Whols body center of mass for the Am?lriun male crewmember {1 gravity only) )
cm (In)
Dimension Sth percentile S0% sercaniile | 85th peccentile
¢ i
“2/’ LY 82 {3.2) 88 (3.9) 9.0 (3.6 K
' LM 1.7 (45) 125 (4.9) 133 (52)
}‘ 30 deg. ‘~
FW ;
, LD 63.4 (27.3) 735 (28.9) 715 (30.5) i
3. Spresd Sagle Z
¢
?E
:
@ LX) 194 (.7 208 (8.1) 242 (2.8 i
3" L) 1.7 (4.8) 125 (4.9) 133 52 5
4. Sitting L2 652 @57 | &8 @78 | 709 283 zs
t
"
L0 189 74 |20 08 |21 @3 A
L 1.7 (4.8) 12.5(4.9) 133 [5.2)
)l
L@ 88.0 (26.0) 803 {27.3) |75 (24.8) j
5. Sitting, Forearms ]
Down N‘a
[ 2]
™~

F arancs: 16, Chapter |V
250
Nctes:
& Thesa data apply to 1-G conditions. To c2*imate center of masy location in microgravity, muliply tha L(z) figurs &y 0.9
b. The Amsncan msle crawmenmber popuiation k dafined in Paragraph 3.2.1, Anthropometric Databass Dssign Jonsid srasng

Cigure 3.3.7.3.2.1-1. Whoia Body Canter of Mass Location ¢! *e Amanican Male Crewmember (Continued)
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NASA-STD-3000/VOL.VI

Whula body centar of mass for the Amencan male crewmember (1 gravity only)

8. Relaved {weightiess)

cm{in)
Dimaneion Sih percantile SOth percantile | 95th percertile
L{X) 17.6 (6.9) 18.8 (7.4) 201 (7.9)
36 deg

. LiY) 117 (4.8) 125 '*.9) 133 (5.2)

35d
’9 L@ 573 (225) | 50.4 (23.4) {15 (24)

o. Sitting, Thighs

Elevated
L(X) 194 (75) 205 {8.1) 215 (8.5
) 11.7 [4.6) 125 (4.9) 133 7D
L €6.8 123.3: 8.9 (27.5) 73.0 (28 7)
LX) 180 (7.1, 188 (7.4) 198 (7.7
Lm 11.7 (4.8) 125 (4.9) 133 (5.2
974] 88.0 (26.8) 70.9 (27.9) 737 (29.0)

Referance: 16, Chamter IV
250

MNoteos.

a These cata apply I 1-G condiions. To estima*. center of mass jocation in microgravity, mufipty the L(z) igure by 0 9.
t The Amercan mala crewmamber popuiation is definad in Paragraph 3.2.1, Anthvopomatric Database Design Consxieratons

Figure 3.3.7.3.2.1-1. Whole Body Center o Mass Location of the Amancan Malg Crewmember (Continued)
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NASA-STD-3000/VOL.VI

Lacation of
cantar of
mass, cm = {A x (stature, ce)} « {B x (weight, lba,, * [C]
Posture Dimension]| A 8 c | SE ®{cm)] QuM
1. Stending UiX) [~0036 | 0024 | 11.008 | 033 | 0.7636
L {Y) 9 0.C21% 8.609 0.89 C.4310
L {Z) 0486 | ~0.014 | ~4.775 1.33 0.932¢
2. Standing L(X) |~-0040 | 0020 | 12832 | 0.46 | 05823
{srms oves L {Y) 0 0.021 8.60% 0.89 0.4310
head’ L{2) 0416 | ~0007 | 0206 | 162 | 0.8827
3. Spread LX) -0.031 | 0.020 | 10443 | 038 | 0.6706
eagle LY} 0 0.021 8.809 0.89 0.4310
L(2) 0.392 0.002 2.547 1.48 0.8921
4. Sitting L (X} 0.080 0.0t0 4180 0.56 0.7800
L{Y) 0 0.021 8.60¢ 0.88 0.4310
L (2) 0.344 | -D.004 1.327 1.48 0.8632
5. Sitting L1X) | 0041 | 0022 | 7.406 | 068 | 0.7704
(thighs L{Y) 0 0.02% 8.610 0.89 0.4370
slsvated) L (2) 0.212 | -0.002 | 21.582 | 124 | 0.7801
5. Sitting (X} 0.076 0010 4628 0.51 0.803¢
(with arms | LIY) | © 0021 | 8809 | 089 | 0.4310
down) L {2} 0.3%5 | ~0.010 7.389 1.53 0.8489
7. Mercury L (X} 0.076 0.008 6.2F" 0.54 0.7828
configuration} L {Y) 0 0.021 3.809 0.89 0.4310
L (2} 0311 | -0.002 14,425 1.80 0.7841
8. Welghtl L{X) 6.077 0.001 4692 0.50 0.6973
. ghtless
L{Y) 41 0.021 8.609 0.86 0.4210
L (Z) 0.218 0.017 28.662 3.18 0.801€
Reference 250
Notes:

Refer to riqure 2.3,7.3.2.1-1 for measurement landmarks

* SE = Standard errcr of the estimate

** R = Mulciple correlation coefficient

These data apply only o 1-7 conditions. To eatimate center of
mas3 locacion in microgravity, multiply the L(z) figurs by 0.9.

The Americar male crawmember poepulation is defined in paragraph
3.2.1, Anthrepometric Database Deaign Consideratione

A « is a dimenaioanless cuvnacant for a given pesture that
1elates center of mass location to stature

B = is a constant for a given por.ure trat has the cimensions
of cz divided Dy lbs and relutes center of mass location tc
body waight

C = a constant in ¢m for a given posture to aszist in
decern: 1ing the location of the cantar of mases

Flgure 3.3.7.3.2.1-2 Whols Body ..nter of Mass location for American

Kalo Crawasmbers ot Differsni Sizes
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NASA-STD-3000/VOL VI

Center of mass locetlon,
cm (in)
Sth percenide 50th percentile 95th percaritile
X Y 2 X Y ¥4 X Y Z
9.4 (.X:) 2.1 10.4 72 23 11.5 7.7 25
@ni @ni oe{ @yl @8] 09] @ws | 8ol 1o
34 13.8 21.0 10.0 15.86 21.8 11.6 17.8 22.8
B3| 9| @) B9l 62| o] we | 7o | @9
Shoulder
joir
Uppar arm ¢ M B TR B *lagl . 15.7
{5.8) (3.9) (6.2)
~
Patarenca: 16, Chapter iV N
™ ko
' o
Notes: e

a. Theso data appiy to 1-. 2onditions anly.

b. Tha Amarican maje cre. ~ember population is Jofined in Peragragh 3.2.1 Anthropomaetric Database Desgn Consideratons

&
Agsume symmietry

Figure 3.372.322-1 BRody segment of Mass for American Male Crewmomber
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NASA-STD-3000, VOL.VI

Comer of mass location, |
o (in) !
6th percontie 50ih percanliie 95th perceritiie
b 4 Y Z X Y ¥4 X Y z
4
Forearm * ? 1 ¢ 115 * ¢ 12.1
L (4.8) {4.8)
M
Wrist 1
;f
4
d
b
tg
4
2
Hand ¢ 1 s ¢ * | s ¢ * | eo ]
(2.0) 2.2) (2.4) ’:
g‘
|5
1
i
Thigh ¢ * Lyagey * A ERTY T B B ERYR
% @7 P i (7.8
i b Lo
— i 1 Foomans e w P S R ey
Relarance: 18, Chyxer iV ¢ Agsurns symmete ~ o
Notes: @ :
2. These dala apply io 1-G condwons anly. ‘
ol ) B 5

b. The AMencan male crew member populaton is defins < in Pragraph 3.2, Anthruporatie Dgacas:
* Assue symmaeiry

Figwe 337322-1 Body Segmsnt of Mass for American Mals Crewsembsr [Lontinu d)



NASA-STD-3C00/vOL VI

Morment of inetin, g-om2 x 106( b-in-sec?)
Poiture Axis Sth parcentile SO percentlle 95 peccentile
Z

{g X 1085 (94.2} 144.5(101.3) 1823 (161.2)

X Y1, Standing Y 94.9 (83.9) 1292(114.3) 163.4 (144.5)

z 103 (9.1 144 (127 16.5 (“<.4)

5
. . "0 (124.7) 191.9(186.7) 2428 (214.8)
E

2 Standing, Armgs X rl v c s 1

Suanding, % 12 5(110.2) 172.9(152.9) 221.0 (195.5)

- 108 (9.4 41 (12.5) 17.5 (15.5)

X 1372 (121.3). 100.4{188.4) 263.4 (215.3)

3. Spresd Eel'> |y 1042 (92.2) 144.8 (128.1) 185.2 {163.8)

z 320 (28.3) 6.5 (£1.2) 613 (54.2)

b4
5% X £73 (30.7) 769 (320 W5 1£5.9)
4, Sitting \pX Yio .

' 820 (54.8) 832 (72.8) 1043 42.2)

2 307 (27.2) 424 (37.3) 54U (47.8)
L
Reiaranca: 18, IV-42, 1V-25 Ny,
: W

Notes:

a. Thecs data appiy to 1-G condilicna only.
b The Amercar nale crewmambar populaton is de’ned in Paragrapi 2.2, Anthiopometne D+ pase Design Consiosrain. w

Fiqure 3.3.7.3.3.1-i. Whole Body Moment uf Inertia for the American Maie Crewmember
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NASA-STD-3000/VOL.vi

-

Nctes.
2. Thess dala apply to 1-G condbons only

5 The American msle crewmembar population ie

f Moment ¢* inertie, g-cm? x 105, (b-in-sac?)
F ostuse Axie Sth peresritie 5(kh psicantile 8 sercery
X 592 (52.4) 77.8 (60.8) 95.0 (84.9)
Y 69 (562 86.3 (78.3) 108.8 (96.0)
z 09 (27.3) 42.8 (37.9) 54.6 (44.0)
,,3&1'? | v 37.6 (343 48,7 (43.1) $0.8 (52.9)
/@
o Sitting, (highs 2 v 8 ) .
Sicties, ;’: i a72(32.2 o (812) 5.5 (49.3)
(U
o U . l : .
36 deg ¢ 23%(21Y) 33.7 (¢4n) 43 "% [38.5)
{
i
X 225 (85.0) bew (T2} 2048 (80.0)
7. Mersury ' 5 \
Corfiguration v .8 181.6) 855 (84.5; 121.2 (107.3)
|
11249 2 209 (e8.2) 43.0 (38.0) B4.0 (47.8)
8. Relaxsd (Weightiassl
e o 1o X 88.0 (7.9 1145 7°0..3) 1409 (12¢.5)
spinal '~sgthening) I
{
0 dng 179 deg Y 4.1 (T74.4) 100.3 (03.9) l 134.8 {118.2)
. \»
D (753 oee
86 d
101 deg WDQ Zz 33.8 (35.2) Jun (44.7) g 61.2 {54.1)
126 deq ‘ ! —
5
Relaroncs: 16, IV-42. /25 e
-4

Sefinen in Paragrap™ 3.2.1, Anthur.pometn ~-<gbase D wign Considers s

Figure 3.3.7 5.5.1-1. Whole Body Mument cf Ingitia 1-r the Amarican Male Crewr - ber (Continued)
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NASA-3TC-3000/VOL.VI

woment of Inertia, ;,-clz x 10:, fih-in-sec? x 103)

.
Segment Axzis | Sth P:ircentis 50th Percantils | 957 Perconille
2
Haad > Y X 1862 (172 2071 (1832) 2139 (193.5;
&;;@9 &? X Y 218 (1962) | 388 (2004) | 2516 (228)
!
z 1449  {128.1) 1532 (1355) 1614 (142.7)
s < X 13.4 11.8) 182 (16.1) 232 (2C.3)
L%y \
Y Y 186 4. 220 {19.5) 274 (24.2)
- X Z 23 (17.9) 275 243) e X (30.3;
2
Thorax Y X 3506.6 (3123.9) 5312.0 (4637.9) 71002 (3€73.4)
Y 26583 (2260.8) 39206 (3487.4) 52740 (4664.3)
7 21838 (1904.8) 3320.1 (29320 44755 (3858.1)
Abcoman
X 1188 (103.1) 1752 (153.0) 2332 (06%)
Y €33 (5€.0) 982 (88.8) 1328 {1i7.3)
i Z 175.8  {183.5) 2854 (234.7; 3581 (215.0)
Peivis X 7S, (33125 ¢ 11234 (0836) | 1528.9 (1352.1)
Y 8484 577 | i35 (9149 | 14184 (12527
©
P~ €
b4 8200 (7522) 130... (11529 1782.0 (1575.0) N'S
-
Ratase ce: 276, prges 22-79
Noias:
a. These rats spply ts 1-G conditions cnly.
b. The Amarican male cresmecber populstion is cafined W Paragraph 32.1, Anthropomatric Detabase Dasign Con.

Figire 3.3.2.33.2-1 Body Segment kicment of kisctia for the American kisle Crewwambor

AT MF 7

S R et I

haslh 28 .-1.N



NASA-STD-3C00/VOL.VI

Moment of inertia, g-cm? x 102, Ub-in-sec? x IC*)

Segmont Axis | Sth Percentiis S0th Percsntile | 95th Percantile

Torso X 10731.4 (3480.9) | 159578 (141:3.0) 21141.0 {18G97.1)
ZV Y 6583 (2280.9) 39208 (2437.4) 52740 {43843

\{‘ Z 2153.8(19004.8) 33201 (2836.3) 5274.0 (4664.2)

Right uppar arm

X € (aL9) 1417 (125.4) 1905  (168.6)
i
Y 875 (£3.3) 1512 {(3%3.7) 2044  (180.8)
l Fd 185 {18.3) 292 (25.8) 39.8 {352)
Laft upper arm
X 88.1 (78 8) 1372 (121.43) 785.0  (1638;
Y %3 (825) 1457  (128.9) 197.8  (1749)
¥4 178 {15,8) 282 (24.9) 38.4 (34.0)
|
Right forears z X 853 7.7 ¢3e  (8.1) 1224 {1083)
¥ Y £63  (58.8) 953  (B4.6) 1248  (110.4)
N X
Z 9.5 (83 142 {12.8) 188 (16.6)
Left toreurs b4
X 83.7 (58.3) 889 78.6) 113.9 (1007}
4 M v 854 (57.8) 915  (80.9) 1174 {105.9)
]
x z 8g (79 129 (11.4) 189 (149) R 0
IEN
>N

Relaranca: 278, pagi8 32-79

Notes:

a. These dst: apply to 1-€ conditions only.

b. The American mals ciewxsender population is defined In Paragraph 3.2.1, Anthropomatric Database Design Con.

Figure 3.3.7.23.2-1 Body Sagment Homent of inertia for the American Mzle Uravmasber {Continued)
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NASA-5TD-3000/VQL.V1
| Noment of inertiz, g-ca? x 103, (ib-in-sec?x 10°)
Segaent Axis Sth DParcentile S0th Percentile 85th Percentiiv
Right Hand Y. 167 (8.4) 138 12 159 (149)
Y a7 an 112 (9.9} 137 uan
¥4 34 (3.0 4.5 (4.0) 5.5 (4.9
Left Hand X 108 (5.5 136 020 § 164 (145)
Y 9. (2.9 113 (16.0) 138 (120
Z 35 @3n A4 (3.3) 5.3 4.7
Rigit Rip flap X e5 L £78.5) 1361  (118.6) 1789 (158.2)
Y 118.3 (108.2) 1731 {5310 229.4 (202.9)
Z 1504 (133.1) 2265  (290.9) 301.7 (255.9)
Loft Hip Fap , X 850 (751 | 1268 (135 | 1722 1523
Y
Y 113.4 {100.3) 169.2 {1487} 2245 (19A5)
X e
( i 2 148.7 (129.8) 2182  (193.8) 2808 [257.2) Ng
i $n

Raferenca: 276, pages 32-79
Notes:
a. Thasa dats apply tc 1-G conditions only.

b. The American sals crewaembar population is defined in Paragraph 3.2.1, Anthropometric Dstsbase Dssign Cun.

figure 3.3.7.3.3.2-1 Body Segment Moment of lnertis for the American Mals Crewmsmber (Continied)
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NASA-STD-3000/VOL.VI

Woment of inertiz, g-cm? x 103, Cb-in-sec? x 10%)

Segment

Axis

Sth Percentils

S0th Percentlle

95th Paercentlle

Right Thigh
ninus flap

Left Thigh
minus flap

Right Calf

Lott Calf

2
Y
! X
%Y
X
4
’ Y
) X
z
.
X uI{

4538 (401.2)

4892 (415.0)

178.4  1157.8)

4373 {335.8)

460.7 (4025)

1723 (152.4s

430.7 (381.0)

437.7 (382.1)

518 (458

4341 (3839)

441.4 (3803}

56.7 (44.9)

8331 (577.8)

873.4 (595.8)

285.2 (225.7)

620.8 (549.1)

6834 5.9

2469 (218.9)

618.1 (546.8)

8270 (5E4H)

20 (837N

628.56 (556.8)

69.7 (565.8)

728 (844}

8523 (753.8)

877.3 (775.9)

3313 (293.0)

8040 (711.1)

8457 (742.8)

321.0 (2338)

6048 (711.8)

8150 (72193

221 {815}

824.7 (729.4)

8327 (740.9)

947 (337

Rafserence: 275, pages 32-79

Notes:

8. Thess datm spely to 1-E conditiens only.
b. The Americsn eale croweesbsr populstion is definod in Paragiaph 1.2.1, Anthrepometric Databass Design Considarstiens

ve 278
4 of €

figure 3.3.7.2.22-1 Body Seyment Woment of inrertia for ths Americin Male Crewmember (Continued;
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NASA-S§TD-3000/VOL.VI

Homant of inertis, g-cnz X 163,

{Ib-* -sec? x 103)

Segment

Axis § Sth Percentile

S0th Psrcentiie

35th Percantile

Richt Foot

Laft Foot

Right Thigh

Left Thigh z

) 4

X 65 (57

Y 38 9

4 kO (LB

X 8.1 (57
Y 324 (239
4 342 (30.2)

X | 1163.7 (1028.2)

Y | 1225.4 [1983.8)

r

316.5 ({z749.9)

X 11226 (392.8)

Y 1186.3 (1249.2)

z 306.2 270.8)

8.7 M
46.1 (299
45.8 (3L.8)

3 0%

447 (395)
47.0 1416)

1688.3 (1434.4)

1780.2 [1575.0)

464.8 (410.5)

1823.0 11435.4)

1713.2 [1515.1)

4485 (396.8)

109 (9.8)
58.3 (51.5)
€i.7 (54.5)
10.5 (3.3)
87.0  50.4)
59.8  (52.9!

22139 {1338.9)

2334.2 (2064.4)

§11.3 (540.6)

2121.1 (1875.9)

2231.5 (1975.8)

s89.5 (521.3)

Reierence. 278, pages 32.79
Hotes:

a. Thsse data apply to 1-6 conditions only.
b. The American male crewmember population Is defined in Paragraph 3.2.1, Anthropometzic Databzse Design Con.

Y€ 278
6 of 8

Flgure 3.3.7.2.3.2-1 Body Segment Momsnt of Inertia for ihe American Male Crewmember (Continved)
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NASA-STD-300G/VOL.V:

Moment of Inertia, g-o-zt 1.03, (ib-in-xec?x 109
Segment Axis | 5th Percentile 59th Percentlis | 85th Percentile
Right forearm 2 X 238.5 (2i0.%} 327.8 (209.%) 418.7 (368.5)
pius hand
Y Y 2375 (210.0) 3265 (280.8) 4151 (387.2)
X
2 134 (1L.9) 19.2 [172.m 25.0 (z2.1y
X 2341 (207.0) 3141 2708 293.8 1348.3)
Left forearm Z
plus hand
o Y 2328 (20592 3122 (278.1) 321z (346.0)
b4 128 (11.8) 179 {159) 23.0 {20.3)
X

Ruterence: 276, pages 32-7%

Notes:

a. These data apply to 1-§ conditions only.
b. The American »als crowmomber population is dafinad in Pzragraph 3.2.1, Anthropeametric

Daiabzse Dosign Considerations.

Figure 3.3.7.332-1 Body Sagment Moment of Insrtis for the American Crewmembar (Continued.

ve 276
8 of @
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NASA-STD-3000/VOL.VI

4.0 HUMAN PERFORMANCE CAPABILITIES
4.1 INTRODUCTION - N/A

4.2 VISICN

4.3 AUDITORY SYSTEM

4.4 OLFACTION AND TASTE

4.5 VESTIBULAR SYSTEM

4.6 KINESTHESIA

4.7 REACTION TIME

4.8 MOTOR SKILLS (Coordination)

4.9 STRENGTRH

4.9.1 Introduction - N/A

4.9.2 Strength Design Ctmslderaﬁons - N/A

4,9.3 Streagth Design Requirements

Strength data that shall be used tc guide design work are provided below. The deconditioned
crewmember as specified in sectien 4.10 for Effects of Deconditioning shall be accommocdated.

a. Grip Force:

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

2. Maximum grip strength for men (5th, S0th, and 95th percentile) is given in Figure 4.9.3-2.
3. Grip strength for females is shown in Figure 4.9.3-3.

b. Arm, Hand, and Thumb/Finger Strength - Figure 4.9.3-4 presents arm, hand and
thumb/finger strength for fifth percentile males. These figures must be corrected for females
(see Figure 4.9.3-5).

¢. Male/Female Muscular Strength - Figure 4.9.3-5 provides a compariscn of male and female
muscular strength for different muscle groups. These datz allow a2 more accurate extrapolation
from male to female strength data than is prcvided by the old method of assuming females have
rwo thirds the strength of men.

41
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NASA-STD-3000/YOL.VI

4

< 12.7 (6) .
‘§ g 10.16 (4) —

4 =%

: ;§ €  6.35(2.5) -

“ BOE

: ETT 281018

‘ Sp2 -

Waéb

0 | (20, (40) (80} (B0)  {100) {120} (140)
89.0 177.0 2669 356.8 4448 5338 6227
Grip strength, N (ib)

Referance: 1, page 2.5-19

Note:

44 subjects, all piloty
or zviation cadets

vé 200

Figure 4.9.3-1 Male Grip Strength as @ Function of the
Separation Eetween Grip E/ements
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NASA-S'TD-300C/YOLVI

_ Percentitas, N ()
sO0th or Population
Popuiation Sth mean @5th §.D.
U.S. Air Force poreonnal, aircrewmen:
Right hand 487 (106) 5086 1134) 726 (1€4) 8C.1 (18.0)
Left hand 427 (08) 552 (124) 685 (1864) 71.2{18.0)
i
Reterencs: (, page 2.5-18 §
«
Figure 4.9.3-2 Grio Strength for Males >
Percanties. N {Ib)
Population
Popuiation Sth 50 85th S$.D.
U. S. Navy personnal
KMean of coth he~ds 258 (58 328 (73) 387 (27, 39.1 {(8.9)
U. S. Industrial workers:
Preferred hand 254 (57) 329 (74) A0S (21) 45.8 (10.3)
o~
Raeferencs: 1, page 2.5-18 e
-
3>

Figure 4.9.3-3 Grip Strength for Females

43

Lol

. T



POV ST IR S S

NASA-8TD-3000/VOL.VI

Amn strength (N)
(1 @ ) ) ) (8 i)
e (gqo)tbow Pult Push Up Down ir Out
L R~ L R L R L R L R L R

% 22| 23 187 2 L] 32 58 75 S5 89 »B 62

Yex 187 | 248 133 187 &7 80 80 89 67 89 36 57

23x 181 187 118 160 78 107 93 116 8% 24 45 87

12z 142 | 168 o8 180 bi 0 93 118 T 82 45 "

13 116 | 107 56 151 &7 [ [ ) 80 &9 78 L4 323 ™

Hand and thurmnb-fingse gtrength (N}
()] ) “[30)
Handonp
L R Thumb-tinger grio (Palmer} Thurrb-frger grp (bos)
Sustained ‘\ondhpu Egg @ g g
- Fsgmm v rasiang
Arm girongth ()

() I (2 ) (4) %) (8) N
Degree ofelbow | g Push Up Deown in Out
fexonloeg) T[T v R L A L R L n L R

189 53 St 42 0 9 14 13 ! 13 20 8 14

150 42 56 30 42 18 18 13 Fie) 19 x L] 15

120 k73 42 228 8 17 24 F3) r- ] 0 a2 10 13

N 3 o7 22 % 17 20 21 P2 1% 18 10 18
B30 28 a4 x M | 15 20 18 20 \7 2 12 1?7
Hand, and hirb-Ingar strength ()
{€) 1) VG
EEEEG
L R Thumb-finaer ano (Paimer) "\unb-ﬂaﬁ ge o ]
3 1
ity 3 3 s ;
*Lan; R w Rgnt

Relererce: 2, page 113

Figure 4.8.3-4 Arm, Hand and Thumb/Finger Strength (5th

Parceniile Kale Dats)
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Tnial body
strangth

Uppaer
extromities
strength

Loweai
axtremitios
stiongth

Trunk
strongth

Dynamie
strength

Percent 0 10 20 30 40 50 60 70 80 90 %00

Reference: 1E, pags YU-50

Note:

Fepale sireng.: ss 3 percantage of male strength fer difforent
conditions. The verlical line within each shaded bsr indicates
the @san percentage differsnce. The end polnts of the shaded
bars indicate the range.

¥8 204

Figure 4.5.3-5 Comparison of Female vs. Male
Muscular Strength
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d. Static Pust Force - Maxiraa! static push forces for adult males are shown in Figur 4.9.5-6.
While these data were collected in a 1-G situation, the fact that they do not depend on fricden
resulting from body weight makes thega applicable to microgravic  rrections will have to be
made for females {see Figure 4.9.3-5).

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

f. Terque Suengrth - Maximum fiend torque data are provided in Figure 4.9.3-8.

-

Tt

PR il N i

- 1)
Forcs-plate {1) ) @) Forca, N (%)
height Ois * Means sD
Bath hands
~Force plyte 100 parcent 50 583 (131) 142 (32)
of shoulder 4] 8%7 (150) 180 (36)
howgint 70 083 (221) 271 (61}
80 1285 (289) 4C0 (90)
80 979 (220) 302 (88)
160 €45 {145) 234 (87)
Proisirad nand
50 262 ( 59) €7 (15)
) 298 ( 67) 71 (38
70 380 { 81) 98 (22)
” 520 1117) 142 22)
%0 94 1111y 169 (38)
100 427 { 96) 173 (39)
Percent of thumb-tip
reach ¢
100 percent 50 359 ( 83) 138 (31}
< shoulder (3] a7 (78} 725 (28)
height 70 £20 (117} 165 37 t
80 707 (159! 18t (32) !
%0 25 {7 133 (30) {
Parcan: of
span **
!
[ ]
fiolme ce. 1 page 2.5-5. 8 ﬁ"
©
> o=

Figure 4.9.3- Maximal Static Push Forces
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torce, N (Ibi)
Force-plaie(?) . il
heigh Dstancee (2 Means S0
TN
< v 120 77 (T4) 2K 4
) 50 120 778 (173) R
! MY 126 818 (184 18 LY
-
: !
Parcant of slwuider height , 1¢ applicable data
L A
Refarence 1, page 25§ -» 5:
- -]
» e
Notes:
{1 Height of cthe centar of the force plate - 20w mm (8 in,) high by
254 mm (1) din.) long - upon wiich force is applied.

(2) Horizontai digtence between t-he vecrtical surfarce of the force plate and

the oppousing vertical sgurface (wali or footrest, respectively) against
which t.he subject brace themselves,

L] Thunk -tiy roach - diecance from beckrest to tip 92 zubjact’'s thumb &
thumr. ard fingartips are preased Ltogether.

* Span — tha maximal dizvance LDatweer a psrson‘e fingerxtipre as hnhe
extends his armg and hand: teo each side.

(3) 1--g data

Figure #.3.3-6 Maximal Stetic Pusk Forces (Continued)

4-7




N Y I

L5

> .
[ S

Pl A

[N

NASA-51D-3000/vOL.V]

-~

r'3
/K\

2000}
<
5 .
2 Thigh angie (@)
g 1500F 1 ~
3 i § -15-8°
E / :\ -
3 e | 2 +5anc 10°
L / ; b 15 -197
Z 1006F 4 ’ !
8 7 |4 33 -36°
3 / :
a / | # l o
£ . 3 ! 5 : 48 --49
[¥+] /l I i

5C0r P '2/ / st | imiting £ngle

ol ol
- I -~ Knes straight
. Ll
16

C : !
€0 80 100 120 140 G 18C

Knse-angle {§), depraes
Rafgrance: 2, page 115

Figure 4.2.3-7. Leg Strength at Various Knee ... ihigh Angles (5tF
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Unpressurized suit,
bare hanged
Mean SO
~ “ N
m @ torque: 13.73 341
Supp'natisn, (121.9) (30.1
\ g Nm (lb=in)
-~ @ ¢ Maximum
( ( = l torqus: 172.39 5.08
! Fronation, {153.9) [45.0)
: Nm {b-in.)

Reference: 1, page 2.5-2C

Figure 4.9.3-8

Torque Strength
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4.10 Effects of Daconditioning

Figure 4.10-1 presents design requirements and constraints for acconmodating deconditioned
crewmembers. In establishing these requirements, ditferent ievels of conservatism were applied to
rormal, ard to backup/contingency actinities. Activides normaliy required for safe return must
assure success for highly deconditioned crews. Activities associated with off-nominai, low prob-
ability situations are based on more optimistic estimates cf crew capability. In spplying these
requirements, the following must be cbserved:

a. Crew sctivities and implementation methods listed are not presented as reqguirements, but as
a catalog of candidates for which the crew may be us.d if the associated requirements and
constraints are met. If activities or implementation methods not listed herein are intended, they
must be submitted to the ACRV Project Office for apmoval and subsequent incorporation into
this document.

b. For design purposes, decenditioning effects are assumed significant only during reentry and
subsequent mission phases. For operations prior to entry interface (0.2g), nther sections of this
document are i be applied withcut derating for deccnditioning.

¢. All crewmembers will remain in theic couches, appropriately restrained, threughout reentry
and landing. After iunding . the crew wiil not be required tc leave their couches or release their
restraints undl the vehicle is upright. For nominal missic., post landing ectivities must not
require the crew to stand without assistance by the SAR personnal

d. The crew shall not be required to 7 erform any tasks during transient environments associated
with parachute opening or disreefing, landing retrorocket firizig, or landing impact.

e. "Not accomimodated" as used in Figure 4,10-1 specifies that the crew siiall not be required to
perform the ectiviry. This does not necesserily imply that the crew is not abie to perform the
acavity.

f. Post Landing items 10 thru 14 are considered off-nominal/non-routine sctivit
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Figure 4.10-1

Capabilities of A Deconditioned CGrew
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I slentisl Crew " 7 ralms
Activity! nment
hggrmnn"dan Y A Upd ‘ 1Q invsnsd
1. Montor dispigys: a.Dtsptayemaba mmd a Dispicys must bo within oye and
- Alsha-numeric head movement limis of head movement mits of
- 3 Hphical 9.242.2c. and viewing distancs 8.2.4.2.2.c, and viswing diztancs
- 2 slog lindte of 3.2.4.22.8. Rapis head Imils of 92.422.a Rapd head
- 2 crets movement shoukd not be movemard should not be  raguired.
required.
2. R checkdnt dala: 8. See 1.k 8 See 14
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P, 07 Yy
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c. Spocile appications mus be
epproved.
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ligue 410-1 Cepabilitiss of a Deconditioned Crew (continued)

Post-Landing
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Petaniis! Crow Deeign ReguirementaConstrainie
Activity/ Environmant
T s e Y LT L -
8. Adist medicsl & No constreit. Rt accommodeted.
equipmam and provida
assistanc to b, Atendtant may exX ccuch 1o proviis
pailent. assistanca. Tho crew member rmust not
ba required to stand,
9. Assist patiert in egting, {2 No constralni Not sccommodated.

b. Aftendant may oxR ooudh to proviis
manual assistence. Tha Crew member
must not be required o stand

10.

& Crew may exit couch to perorm
activities.

5. Unrestreinad mass should be less
than 12 ke,

¢ Comrol acuilon musi meet the
requiroments specifiad In 8.3.3.

d. Crew ctrengih capabiltios should be
as cpecified in 4.2.3.

e, Contingarcy opsreilons which reguire
the creay mamber to Band must D6

approved.

Nol accommodated.

11.

Reconfigurs couches or
panets after landig,
Coerate ot/ relsase
mechanism, Relss or
lower cagd pen or
equipment.

d. Contingency opgmilons which require

2. Crew may exit couch 10 pertorm
aGvlty.

b. Unrrestrained mass shoukl be less
than:
- Dynamic (watsr) envir, - 12 bs.
- Slatic (land) erwir, - 20 b3

C. Restrained koads should frr exceed
capab@tios speciled h 493,

the crew mambsr to stand must b3
appioved.

Not accommocnied

Figure 4.10-1

Post-Landing
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Potantial Creer Design Raguiremante/Constraints
Actitty/ Envirenmsii

latch mechanism

. Contingancy cperations which rogute
the orew member o stand must b2
approved.

13. Egrass winout oulskie
assistance

Crow may ax2 couch o perform
activity.

. Crew is assumed t» have the physical

capahilty ard strength of a normaly
conditioned craw a2 staiad in 4.8.3.

Not accommodated.

14, Deploy sursval
equipment

Single crew member sirould noi be
required to fift mora than 20 bs.
everhead.

. Mass of singly packape of survival

equipmsrn should not exceed 50
s.

Not acoommeodated.

Figure 4.10-1 Cspabilitiss of & Deconditionsd Crew (continused]

Post-Lending
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5.0 NATURAL AND INDUCED ENVIRONMENTS
5.1 AVTMOSFHERE

5.1.1 Introduction - N/A

5.1.2 Atmosphere Design Considerations - N/A

5.1.3 Atmospliere Design Requirements

Paragraph 5.1.2.4.1 through 5.1.2.4.3 present requirements which are directly applicable to the
design of respirable atmospheres for the Assured Crew Return Vehicle cabin atmosphere,
5.1.8.1 Atmnsphere Compositicn and Pressure Design Requirements

The following design requirements shall apply to the composition and pressure of the Assured
Crew Return Vehicle cabin atmosphere:

a. Internal Fnvironment - An intemal environment to support and maintain crew health
throughout detached operational phases of the ACRV shall be provided in accordance with the

requirements given in Figure 5.1.3.1-1,

b. Atmospheric Revitalization - The ACRV atmasphere shall be revitaliz2d every 5 to 7 minutes
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. Means to control and maintain atmospheric pressure and composition tc the levels defined
in Figure 5.1.3.1-1 shall be provided.

2. The controls shall be provided in the ACRV and shall be operable by a crewmember in a
shirt sleeve environment,

3. Normally, the controls shall operate autonomously with limited or no crew intervention
necessary,
d. ECLSS Design Requirements - The systems of the ECLSS will provide atmospheric pressur=

and compusitdon control, temperature and humidity control and atmospheric revitalization for
the ACRV.

5.1.3.2 Atmosphere Monitoring Design Requirements

The ACRYV design shall consider Space Station interfaces to maximize effecdve utilization of
Space Station atmospheric monitoring capabilities while the ACRYV is attached to the station.

5-1



¥
EX

NASA-STD-3C00/VOL.VI

PARAMZETER UNITS OPERATIONAL ENTRY & POST

{detached) LANDING LANDING
CO, Partial Pressure | mmKg 0-7.6 0-7.6 6.0-15.0
Temparature deg. F| 65-80 6u-90 esc note 1
Dew Point deg. F{ 35-70 35-70 see note |
ventilation Fc/amdn|  15-40 15-40 ses note 1
O, Fartial Pressure | psia 2,83-3.35 2,83-3.35 2.3-3,45*
Diluent Gas (Nj) psia balance balance balance
Total Pressurc psia 14,5-14.9 14.5-14.9  |14,5-14.9*
Filter Particle Size microne | 300 | 300 L 300

ACRV Respirable Atmosphere Requirements (Customary Units)

PARAMETER UNITS CPERATIONAL ENTRY & POST
{(detached) LANDING LANDING
CO, Partial Pressure| N/m? 0-1.01 0-1,01 0-1.99
Temperature deg. Ci 18.3-26.7 15.6-32,2 gee note |
Dew Point deg. C 1.7-21.1 1.7-21.1 ses note |
Ventilation M/sec | .076-.203 .076-.203 see note 1
0, Partial Pressurs Kp2 19.5-23.1 19.5-23.1 15.8-23.8*%
Diluent Gas (Nj) Kp 2 balance balance balance
Total Pressure Kp 2 100-102.7 100-102.7 | 100-102.7*
Filter Particls Size plcrons 300 300 300

ACRYV Respirable Atmosphere Requirements (SI Units)

Refaranca: 37, Figure 20201-A, B 278
92, pages 2, 42, 55 328, Table 2.4-1
111, page 5683 323, Table C—4-X, page C—4-45
198, rq] 324, Table 2-9
254, ﬁ&: 112 Para. l111/4
288, page 3

Ncte | - HMeat storage (s limited to 300 BTUs/crewmember
¢ Includes Amblerit Partial Pressures

Ye 72

Figure 5.1.3.1-1 Requirements for Space Module Respirable Requirements
52
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5.2 MICROGRAVITY

5.2.1 Introduction - N/A

5.2.2 Microgravity and It Countiz.parts Design Considerations - N/A
5.2.3 Microgravity Design Requirements - N/A

5.3 ACCELERATION

5.3.1 Introduction - N/A

5.3.2 Acceleration Design Considerations - N/A

£.3.3 Acceleration Design Requirements

Figure 5,3.3-1 shows the coordinate system nomenclature that is used in this document. (Note:
Left-Handed System). This system is based on the direction a body organ (e.g., the heart) would
be displaced by acceleration. The table in Figure 5.3.3-1, which is based on displacement of body
fluids, explains the most commonly employed terms.

5.3.3.1 Linear Acceleration Design Requirements

5.3.3.1.1 Entry Acceleraticn Design Requirements

The ACRYV shall be capable of limiting sustained entry acceleration to be nc greater than 4 G's
in the +/- Gx direction, 1 G in the +/- Gy direction, and 0.5 G's in the +/- Gz direction.
5.3.3.2 Entry Spin Limitation Design Requirements

The ACRYV shall not spin at a rate greater than 5 rpm.

5.3.3.8 Impact Acceleration Design Requirements

At landing, crewmembers shall not be exposed to impact accelerations at the body critical point
greater than those allowed by the Whole-Body Dynamic Response Risk Model for a 0.5% risk of
injury with risk criterion limited tc  velue not to exceed 1.0. The body critical point is the location
in the seat coordinate system at which the dynamic response of the body is computed and
corresponds roughly to the midthoracic center of mass. The method to compute acceptable critical
point resultant acceleration exposures is described in the following paragraphs.

53
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I x

+y

+y

+X

-2

Critical Point

+y
Body Criticai Paint Coordinates
x = 3.4 In
y=0
= 182 In

Reference: 101, pags 8
Fith Updates

Hote:
The origin of the sest coordinate systesm is at the Sezt Rafersnce Paint [(SRR.P) as

defined In Figure 3.3.3.3-1 whare the Y-Z plans Is the compressad seat-back-tangent plane

Y8 438
10f 2

Figure 5.3.3-1 Seat Loordinate System and the Locstlon of the
Body Critical Point
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LINEAR MOTION DIRECTION OF ACCELERATION
Acting | Acceleration Description | Verticular Description
Force

Forward +ax Forward Acceleration Eye Balls In

Backward -ax Backward Acceleration Eye Balls Out

Upward +az Headward Acceleration Eye Balls Down

Downward -4z Footward Acceleration Eye Balls Up

To Right +ay R. lateral Acceleration Eye Balls Left

To left -ay L. Lateral Acceleration Eye Balls Right

Referense: 380 With Updates

Nete: Llarge letter, G, used as unit to express inertial resultant to
whole body acce.eration in multiples of the magnitude of the
acceleration of gravity, go = 980,665 ca/sec? or 32,1739 ft/sect,

Figure 5.3.3-1 Acceleration Environment Coordinate System Used In HSIS (cont.)
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a. Seat Coordinate System - The seat coordinate system and the dimensions that define the
location of the cridcal point: of the body are given in Figure 5.3.3-1,

b. Acceleration Evoluation Method - If the linear resultant acceleration at any point in the seat
~oordinate system and the angular velocity and acceleration are known, then the motion of the
seat {5 defined and the linear resultant acceleretion at the critical point can be computed. The
acceptability of the acceleration at the critical point {s evaluated by first computing the dynamic
response (DR) as a function of dme for each major axis (X,Y, and Z). The dynamic response of
the body is modeled by a mass, spring and damper system attached to the seat.

The dynaraic respornse {s computed for each axis using the following equationin Figure §.3.3.3-1.

§ + 21000 + (wy)28 = §

DR (1) = (wy) (%)

B

whara:

5 is the acoeleration of the dynamic response modal mass relative to tha
critical poimt accelsration (ft/sac?).

& s the relative velocity betwasn the critical point and the modsl mass (ft/sec.)

) is the compression of the modal spring (ft.)

g is the damping coefficient ratio (0.2 for the x axis, 0.08 for the y axis, and 0.224
for the 2 axis),

Wn |5 the undamped natural frequency of the modal (62.8 rad/sec for the x axls,
58.0 red/sac for the y axis, and 52.8 rad/sec for the 2 axis).

g Is the acceleration componsnt along the pertinent axis acting at the critical
point (f/s8c.2).

g Is the acos!sration dus to gravhy (32.2 fi/sec.”).

() indicates that tive parameter is determined as a function of time.

Ve 487

Figure 5.3.3.3-1 Dynaaic Rasponse For Fach Axls
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After the dynamic response for each axis has been computed, the whole-body dynmic response
risk is computed using the following equadon in Figure 5.3.3.3-2.

2 2
fa /‘/ ORXx) Y DHYy DRZy
prx. /+\ ©BRY./T\ DRZ

Tiie subscript L danotes the limiing dynamic response va'ues assigned for each major
axis for healthy deconditionsd, and Il or injured daconditioned crew membars. These
values are tabulated [n Figura 5.3.3.3-3.

whara:

DRX s the dynamic responss computad from the X axis acoelgration componert at
the crtica!l point.

DRY is the dynamic respongs computed from the Y axis acoelsration component at
the ¢..dcal point.

DRZ Is the dynamic rasponge computed from the Z axis acceleration com  neni at
the critical point.

B Is ths whole-body dynamic responae risk critarion
- (*)  indicates the paramster Is a function of tims

The value of P computad must bs lass than or equal to one for the whole-body Impact
accaleration to be acceptable.

ve 468

Figure 5.3.3.3-2 Khole-body Dynamic Response Risk

Crew Momber
Condition* DRXy, DRYL DRZ|
DRX > 0 DRX < 0 DRY > 0 DRY < 0 DRZ > 0 DRZ < 0
Healthy
Daconditioned 35 -28 14 =14 15.2 -9

Ill or Injured
Deconditionad 26,3 -21 10.5 -10.5 11.4 -6.8

» The Unit velues apply to rramsmbars restrained to & seat by conventional restraints z.ch as a lap balt,
two shoulder gtraps and « crotch strap.

Ficure 5.3.3.3-3 ODynanmic Responss Lizit Values
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5.4 ACOUSTICS
5.4.1 Intreduction - N/A

5.4.2 Acoustics Design Censideratioss - N/A

5.4.83 Acoustics Design Requirements

This section defines the basic eavironmertal limitations and criteria that the desigrer shall apply
to the design of crew stadons and other habitable compartment arees, Noise levels shell be specified
in terms of A-weighted sound level, L(A). Noise exposure over 24 hour periods shall be spedfied in
terms of the equivalent A-welghted sound lev2l L(A) eq. The maxdmum alloweble on orbit continuous
troad band sound pressure exposurs limits produced by the summation of all individual sound
pressures from all scurces, including all operating systems, subsysteins and payloads, considered
over a 24 hour period are defined in the following paragraphs.
5.4.2.1 General Acoustic Deslgn Requirements

The follovring general acoustic design requiremewts shell be observed:

a. General Acoustic Design - Noise gencration and penetration shall be eorntrolled to the extent

that acoustic energy will not cause personnel injury, interfere with voice or any other com-
munications or contribute to the degradation of overall man-machine effectiveness.

(All sound pressure levals ir decibels are referenced to 20 u-Pascals unless otharwise stated and
are to be measured at or translated to the outer ears of crewmembers.)

b. Equipment Noise - All 1 isy equipment shall be mounted and located to reduce noise at
crewmember locariops.

5.4.2.2 Noize Exposure Requirements
The following types of noise shall be taken into account:
a. Wide-btud random noise (22.4 to 11,200 Hz).
b. Narrow-band noise and tones.
¢ Impulse noise.
d. Infrasonic and ultrasonic noise.

There are three sets of noise requirements th - shall be satisfied depending cn crewmember task
and accelerution regimes: 1) hearing conservation, 2) voice communication, and 3) annoyance,

T oo
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5.4.3.2,1 Hearing Conservation Noisc Exposure Requirements

a. Maximum Noise Exposure - A meximum noise exposure of 115 dB(A) is allowable, providing
the duration does not exceed two minutes.

b. Hearing Protection Devices - Hearing protection devices shall be provided for use during
expaosture to noise levels of 85 dB(A) or greater,

5.4.8.2.1.1 Wide-Band, Long-Term Hearing Consarvation Noise Exposure
Requirements

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 considered

hazardsus regardless of the duration of exposure. Total exposure shall not exceed an average
of B0dB(A).

b. Allowable Nois: Exposure - A noise exposure of 20 to 84 dB for up to cight hours duration
without hearing protection is allowable bu: not desirable.

c. Unacceptable Noise Levels - Crewmembers shall not be exposed to continuous noise levels
that exceed 120 dB in any octave band or 135 dB OASPL under any circumstarnces.

5.4.3.2.1.2 Nearrow-Barnd, Long-Term Hezaring Conservation Noise
Exposure Requirements

The relative sound pressure levels of narrow-band components, pure-tones, and beat frequen-
des 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 component.
5.4.3.2,1.3 Impulse Hearing Conservation Noise Exposure Requirements

Maximum Noise Level (Hearing Conservation Criteria) - Impulse sound is & 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 uniprotected eass.

5.4.3.2.1.4 Infrascniec, Leng-Term Annoyence Noise Exposure
Requirements

The following infrasonic noise annoyance criteriz shall apply:

a. Infrasound Sound Pressure Level - Infresound sound pressure level shall e less than 120 dB
in the frequency range of 1 t0 16 Hz.

b. Hearing Protection - Passive hearing protection devices are permissible for low-frequency
infrasound noise conirol.

s e e ¢ e =
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5.4.3.2.1.5 Ultrasonic, Long-Term Annoyance Nolse Expogure Regulres

ments

The following ultrasonic noise annoyance criteria shall apply:

a. Hearing Conservation Measures - Hearing conservation measures shall be initiated when the

ultrasonie criteria provided in Figure 5.4.3.2.1.5-1 are excezded.

b. Hearing Protectior. - Ultrasonic nolse hearing protection shall be provided wnere overex-
posure is possble in contingency cases in a wey that communication is not hampered,

5.4.3.2.2 Voice Communicetion Nolse Exposiure Requirements

5.4.3.2.2.1 Direct Volece Communications Nolse Exposure Requirements
Background Noise Level - Background noise for work areas shall not exceed the NC 50 contour

unless otherwise specified.

One-third octave bend | One-third octave band
center frequency, kMz level in dB
10 30
| 12.5 80
16 80
20 105
25 110
315 118
&0 118

Rsference: 281, Page 1-3

Flgure 5.4.3.2.1.5-1 Airborne High Freguency and
Ultrasonic Hszard Noise Limits
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5.4.4 Example Acoustics Design Sclutions
The contral of neise involves three interdependent elements:
a. Contro] at the source.
b. Interruption or absorption along the transmission path.
¢ Persaonal aearing protection.

Noise reduction techniques that can be applied %o the ACKV are the same &s used in indust-ial
and building noise control Figure 5.4.4-1 Usts typical methods to control naise at the source,

Sourco control

!

Instruments o idently saurca e

Vibration
] ]
[ Corrscuve action J [ Correctivo action | | Comoctive ectian ]
I Balance rotating pans Ellmincte tmpacs Liubricste
Vibration isolaten mounts Reduce clearances Uss diselmiiler matarials
Increasa mass Reduco impazt arce Smocth centacting surfaces
Surdacs damping Use resiianl madaeriels Avold frictional contact Ramave ohetacies 'o llow
Constrained layar damping 1solate impext eresd Ues rolling contact Use muflisrs
Avold rssonance Avold parta sepomation Arti-trictlan bearings Une alr ducts
Secure Ughtlly Lubricte propatly Optimum oadings Use quiat fans
Isolate from drive Use saguemial mpasta
Reducs vibroting area Reduce sposd ot impaet
Reduce spesd Vae dseimiar matersals
Uso laminated structure Usza luminsated atructurs

¥8 84

Figure 5.4.4-1 Iypical Noise Source Corrective Actions

5-11
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5.8 VIBRATION
£.5.1 Imtroducton - N/A . 1
5.5.2 Vibretion Design Considerstions - N/A

5.5.8 Vibration Design Requirements

Gezieral Vibration Deslgn - Vibration generstion and penetration shall be controlled to the extent
that vibration energy will not cause personnel infury, contribute to the degradation of overall
man/machine effectiveness during manned pexioda.

5.5.3.1 General Vibraticn Design Requirements
Equipme=t Vibraticn - System design shall include vibration control provisions.

35.0.3.2 Vibradon Expesure (0.1 to 1 Hz) Design Requirements
5.5.3.2.1 Severe Discomfort Boundary - N/A

5.5.3.2.2 Decreased Proficiency Boundary

The following acceleration limits for 0.1 to 0.53 Hz for crewmember stations and work areas
shall apply:

a. Longitudinal Vibration - For tasks ing wnting and fine manuzal control, vibratdon
rms-values shall not exceed 1.75 m/sec”.

b. Transverse Vibration - For transverse vibration use 25% of values shown in Figure 5.5.3.2.2-1.

¢. Visual Acuity Effects - Far 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.

5.5.3.3 Vibratdon Exposure {1 to 80 Ez) Design Requirements

5.5.3.5.1 Fatigue-Decreaced Proficlency Boundary

The following vibration acceleration limits for 1 to 80 Hz for crewmember stations and work ;
areas during orbital and planetary conditions shall apply: f.

a. Longitudinal Vibration - Vibration acceleration exposure shall not exceed the limits shown in
Figure 5.5.3.3.1-1 for z-axis dinction, unless specified otherwise.

b. Transverse Vibration - Vibration acceleration exposure shell not exceed the limits shown in
Figure 5.5.3.3.1-2 for x, y-axis directions, unless apecified otherwise.

5-12
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Acceleration (rms), 1vs sq.

10.0 ] 32.8
80 — — 2B.25
63 r— —— 20.66
50 +— — 18.4
40 — — 13.12
c———Motion sickness region —->‘
3.15 — — 10.33
25 — / — 82
20 b— — 6.56
®

i6 — — 525
1.25 — / — 41 %

30 min. et
1.0 — 328 &
08 }— / — 2.82 5

II :
063 t— K —i 2,07
2hr. ’

0.5 , — 154
0.4 — J — 131
0.315 — /! — 1.03

8hr.(tentetive)  ,’
02 —m----------- - —10.82
02 |— — 0.66
0.16 r— —1 0.58
0.126 — — 0.41
R T O O A

NASA-STD-3000/VOL.VI

——w

0.1 0.16 0.25 0.4 0.63 1.0
0.125 0.2 0.315 0.5 0.8

Frequency or center frequency of third-octave band, Hz
@ Snyder, Fred (Bueing, 1964) Reference a 2 hour exposure

Note. Eighthour curve created by exterpolation based on 30 min. and
2 hour testing

Refarence: 101, page 44, add. 2-1982 £ with updates

Figure 5.5.3.2.2-1 Longitudinal (Z-Axis) Acceleration Limits

B aahae T N S 3

(0.1 to 0.63 Hz) "Severe Discomfort Boundaries”

5-13
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mfsec? frhec?
20 7 /7. 1680
mqrxgn /,7/ 480
12..5'41'8 /, LA 40
7" 57
10“-1 0 7 ”’I - 30
801 S Wopak s 2%
834 - — 77 d20
5.0~ 0.83
9 4.04
E 3.15{04 10
-1 2.54 8
E 2.(3-413'25 8
. 184 6
E 1.2451 0.16 Q
3 14 3
g 0840 ’
0.831) na3 1046 2
050083
0.4
0.316- °———}-'°‘ 1
0.26+4 0.8
0.2010-0%5 08
0.18< 0.8
0.125{2-0'6 34 hr 08
0'1 4 ¢ d 1 1 411 1 l 1 1 Jy L e 1 1 J 1 1 1 1 | }
© S 0
£329328232233 035 RN25838
aﬂ [«] - ™ o ™
Frequency or canter friquuncy of thirdoctave band, Nz
To obtain: '
— "expogure imit': muitlply sccelerstion
velues by 2 (8 dB higher);
— “recduced comfort boundary”: divide
sccoleration values by 3.15 (10 dB lower) 3
Reference: 2, Figure 42, page 176 -
101, pege 10 g

Figure 5.5.3.3.1-1 [Llong!tudinal {z-axis) Accelerztion limits

*fatigue-dscreased Proficiency Boundary®
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“wz
80
8Q
€0
0
20
10
8
8
]
4 4
3
3
41
0.8
0.8
0.6
404
To obtaln:
- “exposure limits*: muliply accaleration
values by 2 (68 dB higher);
— 'reduced comfort bocundary“: divide
accolerstion values by 3.16 {10 dB lower)
Reference: 2, Figure 42, page 175
101, page 12

Figure 5.5.3.3.1-2 Transverse (x-axis, y-axis] Acccleration limits
“Fatigue-decreased Proficiency Boundary*“
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c. Visual Acuity Effects - For whole body vibration in the rangzs of 3 to 11 Hz or Z2 to 30 Hz,
provisions shall be made to protect the crew from loss of visual acuity.

5.5.3.8.2 Vibraticn Exposure Limit - N/A

5.5.3.3.3 Reduced Comfort Boundary - N/A

5.6 (THIS PARAGRAFH WAS NOT USED)

5.7 RADIATION

5.7.1 Introduction - N/A

5.7.2 lonizing Radiation

5.7.2.1 Ionizing Radiation Design Considerations - N/A
5.7.2.2 loniziug Radiation Design Requirements
B.7.2.2.1 Joniing Radistion Exposure Limits - N/A

5.7.2.2.2 Ionizing Radiaticn Protection Design Requirements

The following strategies shall be used to implement radiation protection features for crewmem-
bers on the Assured Crew Return Vehicle at 28.5 deg:

a. Radiation Protection - The design of the ACRV 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 reasonably achievable (ALARA levels) and that the
maximum allowable dose limits are not exceeded.

b. Use of Onboard mass - The design and lsyout of the ACRV shall consider the use of onboard
mass as radiation shielding,

5.7.3 Nomn-Ionizing Radiation
5.7.3.1 HNon-Ionizing Radiation Design Considerations < N/A

5.7.3.2 Non-lonizing Radiation Design Requirements

5-16
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5.7.3.2.1 Non-lonlzirg Rediaticn Exposure Limits
The following non-ionizing radiation exposure limits shall apply:

a. Radiofrequency Electromagnetic Fields Exposure Limits - The American National Standards
Institute (ANSI) Radio Frequency Protection Guides (RFPG) for occupational exposure are
shown in Figure 5.7.3.2.1-1 and {llustrated in Figure 5.7.3.2.1-2.

b. Optical Lasez Radiation Exposure Limits - The following laser exposure limits [contained in
both the ANSI and American Conference of Governmental Industrial Hyglenists (ACGIH)
standards] apply to continuous lasers [for repetittvely pulsed lesers, the additional stipulations
given in the ANSI and ACGIH standards shall apply (Z136.1-198%, 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 that subtend a visual angle
measured a. 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
5.7.3.2.1-4 shall apply to all point source lasers.

3. Extended Source Laser Eye Exposure Limits - The eye exposure limits given in Figure
5.7.3.2.1-5 shall apply to all extended source lasers.

4, Extended Source Laser Skin Expousure Limits - The skin exposure limits shown in Figure
5.7.3.2.1-6 shall apply to all extended source lasers.

5. Exposure Limits for Commonly Available 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).

¢. Incoherent Ultraviolet Optical Rediation Exposure Limits

1. Determination of Combined Continuous and Pulsed UV Exposure Average - The irrediance
from continuous exposure and radiant exposure for time-limited or pulsed exposures to the
eye ar skin shall be averaged over the area of a drcular measurement aperture of less than
1mm (0.03937 in.) diameter.

2, UV-A Spectrum (315-400 nm) Radiation Exposure Liruits - The toral irradiance incldent
upon unprotected skin shell be less than 10 W/m? (0.053 BTU/ft? - min) for poriods of
exposure longer than 1000 seconds. Porexposur%dmesl&dmnmmseconds,mdiam
exposure shall be less than 1 J/em? (0.006 BTU/in?).

517
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Average Powor Density in Milliwatts/Centimeter 2

NASA-STD-3000/VOL.VI
Table 1
Radio Frequercy Protection Guides
1 2 3 4
Power
R it £ 2 Density
(MHz) (Y3/m3) (A3/m3) (mW/em3)
08— 3 460 D00 2.5 100
3 - 30 4000 (200/13) 0.025 (8C0/M3) 900//%
30 — 300 4000 0.028 1.0
300 - 1500 4000 (//300) 0.028 (7/300) 71300
1600 =—1000C00 290 200 0.125 E.0

Nota: f = frequency (MH)
Reference: 382, Tabie 1 Fith Updates

Vs 420

Figure §.7.321-1 Occupational Exposurs Liaits for Rediofrequency Elsctromegnetle Flakis

45C-18798
April 1987
160.0 =
Radio Frequency Proteclion Guids for
Personnel Exposure 1c RF/MICROWAVE
Hadiation
614 volis/meler
ANE! C88.1-1882
The ACGIN (1886) limit Avera over 0.1 h i ;
100 -  curve extends down to ged over 0.1 hr. or six minutas

10 KMz on the AF specirum,
50 L &t 00 mW/cm2= 614 v/m

rﬂ volle/meter

\

ANS! = American Natienal Siandards Ingidule
ACGIM = Amgrican Confergnce of Gevernmenlsl snd Industris! Hygenista

i._-
[ =]
T

In 1985, the Federal Communication Commission 2dopled the 1962 ANS) standard.

137 vols/mater

In 1986, the National Courcl for Radiation Protection adapied the 1982 ANSI siandard.
1

0l | | 1 )
100KH2 1MHz 10MHz 1008 Mz 1GHz 10GKz
FREQUENCY
Raferencs: 134 e
Figure 57.321-2 Occupational Exposure Lisits ustrated to show wholo~body ;
>

resonance effects g::oémd 100 2
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& — — - — e —— ]
Wavolength, A Exposure Duration, ¢ Maximum Perininibie Exposure
(pm) () (MPE) Notes for Calculition and Messurament
Ultraviolet
0.206-0.302 10~2-3x 10° 3 x107¥feem™?
0.303 10‘:-Jx xg: 4 x 10':J-¢m‘: .
0.304 10~3.3x 1 6 x1073].em™ -
0.308 10-3-3 x 10 10X 1073 ) - em™3 or 058114 3+ 0a™ whichever 1s lower
0.306 1073-3x 104 16x 10737 cm—2
.30 10‘:-3 X xg: 18 x 1o-; . m":
0.308 1072.3x 1 40x1073].em™
0.309 10~2-3x 10% §3x 1072 ] . em-? 1-as kaltig cperturs
0.310 10-3-3x 104 10x 1071 J . em~?
0311 10733 x 10* 1.6x 10~V J o+ em™2
0312 10-3-3x 104 25%x 1071 J.om™?
0.313 10733 x 10* 40x10°1]-cm™
0.314 10033 x 10 €3x 10~ 3. em~?
0.31$-0.400 10-9-10 056744 . em~2
0315-0.400 10-10° 1]+¢em=1
0.315-0.400 103-3x 104 1 x1073w: em~3
Visible and Near Infrared ¢
0.400-0.700 107%-1.8x 10-9 § x1077).em-3 \
0.400-0.700  1.8x 107%-10 18039 % 10731 e
Q400-0.350 10-10¢ 10 x16-%1.cm~3
0.550-0.700 10-1, 1.81%8 % 10-3 7. em~2 7-ea lalting sperture
0.550-0700 T-10 10Cpx 1073« em~2
0.400-0.700 mL: x 104 Cpx 107%W. em~3
0.700-1.050 10-°-1.8x 10~% 3CAX 1677 em~3
0.700-1.050  1.8x 10-%-107 1.8 cAﬂ/}x 1073 v em™2
1.051-1.400 10-%_sx 10-5 $ x107%).cm™?
1.051-1400 5 x 10-5_13 93 x 10735 cm~?
0.700-1.400 103-3x 10 320C X 107 8W: cm~2
Far Infrazed
1.4-103 10--10-7 1003 . cm~?
10-7-10 056714 ). cm~3
>10 O1Wecm~3

g

NOTES: C, = ! fora =0400-0.700 um,

Ratsrance: 383, Tabla §

Flgure

Ca = 1030 (2 - 0-700) [o; A = 0.700-1.050 um
Ca=Sfora=1.050-1.400 um,
Cp=1forx=0400-0550 um,
cg-mua-g'“m for ) = 0.550-0.700 um

Ty = 10x 1039(A - 0.550) 107 ) w 0 §50-0.700 um

¥ith Updates

V8 424

5.7.3.2.1-4 "Point Source” Laser Eye Exposurse Limits
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Wavelength, A Expogure Dusation, ¢ Maximum Pemisaible Exposure
(wm) w (MPE) Notes for Calewlation and Moasrsment
Ultraviolet
0.200-0.302 10-3-3x 10¢ 3 x1073)eem™?
0.303 10-%-3x 10* 4 x1073) . cm™?
0.304 1033 x 104 6 x10°3].cm™3 or 0.5B¢4/4J « cp-2, whichever
0.303 10~3-3x 10¢ 1.0x 1672 ). cm™? is lower
0.306 10-3-3 x 109 1.6%x 1072 3 em—?
0.30? 10=%-3x 104 285% 10731 cm—2
0.308 xo-;-a x 104 4.0 % 10': 7. cm‘:
0.309 10-%-3x 10¢ €3x 10731 cm™ ‘
0.317 10-2-3x 10 1.0x 10-1 7+ em—3 {-ma limiting &perture
0.311 10-3-3x 10% 16x 107 ) e em—?
0.31. 10-3-3 x 104 25x 10711 cam™?
0.313 10-3-3x 10 40x 10~ yeem™?
0.314 10-2-3x 104 632107 ). cm=?
0.315-0.400 10-%-10 0.56 114 ) . cm—?
0.315-0.400 10-107 17+em—2
0.315-0.400 10%-3 x 104 1 x1073W. em™?
Viuble?
0.400—-0.7C0 10-9-10 10:‘/31~m':- r:
g;?g_‘g:;gg ig_‘;_o‘ lsu,ﬂj':_,::_, l-mm .uiting “~perture or a min,
0550-0.700 _ ‘ ne -1, whicheve: Is greuter
Q.400-0.700 1oA 3x 104 21C5107%w -’ sx“
Near Infrared®
.700-1.400 10-%-10 10Ca 0121, gn=3. 5!
0.700— 1.430 10-10° 31BICA M. em—3 y!
0.700-1.400 103-3x 104 0.64 CAW:> em~3 . g1
Far [nfrared
14-103 10=9-10~7 10737 . cm=? -]
10-7-10 08611 . em-1 <
>10 0lWecm—3 b4
NOTES™ Ca =1 fora =0, .700 um,
Cu = 1030 (A-0.700) 15, = 0.700-1.050 urm
cAus forx =1.081~ l‘OOm
C5-1for{t a Q. 550 um,
Cg = 1015(A = 0.550) 157 ) = 0.550-0.700 um

T, =10x wm(k 0-550) for A = 0.550~0.700 km

Referance:

383, Tabls B

fith Updates

Figure 5.7.321-5 “Extended Source" Laser Eye Exposure Lizits
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Wavelength, A Expomire Dunation, 1 Maximum Permissfole Exporoe
(km) (s) (MPE) Notes [o7 Caleulation and Messurement
Uttraviolet
0.200-0.302 10—2-3 x 109 3 x1073)em?
0.303 1023 x 104 4 x1079).em?
0.304 10-3-3x 104 6 x1073].em~? o Q104 - ca™? whichar B owwr
0.305 10-3-2x 10* 10x 10735 em—?
0.396 10=3-3 x 104 1.6% 1072« em™?
0.307 10-3-3x 104 25 %1073 em—d
0.308 10-2-3 x 104 40x 10735 em™?
0.109 10-3-3x 194 63x10"3 ). 2 1-=a fuiting aperture
- 0.310 1071-3x 104 1.0x 1071 ). em—3
e 0.311 10-2-3x 10° 1.6x 107} J: em=2 .
s 0312 10-3-3x 10 25x 107 1. cm~2
0.313 107223 % 104 40x 101 ). em™2 :
0.314 10-2-3x 104 63x10"1 j.cm—2 '
0.315-0.400 10-°-10 056 'R . em-2 .
0.315-0.400 10-10° 1} em-1
0.315~0.400 103-3x 10¢ 1 X 10~3w.cm—2
Visible and Near Infrared ’
0.400-1.400 10-2-10-7 2CAx107%].cm? )
100710 1L1CA 1R 1. em™2 l-mm baiting eparturs :
10-3 x 109 o3 CAW:.cm™2
Far Infrared v
1.4-103 10-%-10"7 1072 ) . em—2 |-mm twting eparturs for Lé to 100 i .
107710 058141+ em—2 U-un bettmg aperture for Q1 to les '
>0 QIW:em—2
1.54 1078y, 108 10 Jem?
Rofersnce: 383, Table 7 With Updstes 5
- -
. >
\ Figure 57321-8 Kaxmum Perasssive Exposure (MPE) for Skin Exposure to a Laser Boam '
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NASA-STD-3000/VOLVI
Wati{d”:rrg{h Exposurs Limit
Laser Typs (hm) Eye Skin
Heliurn-Cadmium $41.6 a) 2.9 mW  em~for 0.25 s ) 0.2 W ¢m™?
Argon 485/814.3 5 10mJ -cm 2 for 10 lo‘lo s fori>10¢
¢) | W em™ fort>107s
)
Hellum-Nean 632.8 a) 2.5 mw - cmz for 0.25 ¢ )
b) 10mJ cm~“for 10s 02 W-em”
¢) 170md-cm~2fort > 4535
d) I7uW-cm'2forl>I0‘s for 1>10,
. -2
Krypton 647 3} 2.5 mW -ecm ™" for 0.25 s
ypRe! b) 10mJ-cm-%fer 10s 0.2W - ¢m™?
¢) 280 mJ- cm? for t>871 s
d) 28 u‘a‘v"cm'zforolo‘s for 1>10s
Neodymium: YAG 1,084 1.6 mW -cm:: fert > 1000 s I.OW-em'z2
Gatllilum-Arsenide 908 0.8 mW -¢cm™~fort > iCCOs 0.SW:-em™
it roox temp for 1>10s
=2 4 -2
Heliua-Cadal 325 1J-«m™“for 10to ) x {0"s 2) 1) -cm™“for
eliua-Cadnium ioiol(.’ﬂ)sz
3371 b) | mW em™‘ for
Hitrogen (% 1000 5
Carbon-dioxide 10,600 0.1 "W ‘em~2for 1>10s 0.1 W em~2far
(and other lasers 1>10s

1.4 un to 1000 um)

N e R . =

P 39 > = pablm%

Reference: 3B3, Table A3

Figure 5.7.3.21-7 Intrabesm MP: for tha Eye and Skin for Selected CK Lsssrs
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NASA-STD-3000/VOL.VI

3. Actinic UV Spectrum (200-315 nm) Radir \ 1 Exposure Limits - (The following UV
exposure Umits are contained in ACGIH stari. ). The Threshold Limit Values (TLV) for
radient exposure incident upun unprotected sk... to eye within the 8-howr pericd are given
in Pigure 5.7.2.2.1-8. The maximum exposure duratons to broadbsad actinic UV scurces
are given in Figure 5.7.3.2.1-9.

4, Broad-Band Optical Scurces - The weighting functions listed in Figure 5.7.3.2.1-10 shall
apply in determining broad-band optical exposure limits. (See ACGHH for formulee needed
to calculate exposuce times),

5.7.8.2.2 Non-Ignizing Radiation Protecion Design Requiremenis

The following design requirements shall be implemented to protect crevvmembers ageinst
non-jonizing radiaticn.

a. Safety Guidelines - Systems employing lasers will be designed aud operated in ascordance
with the ANSI Standard Z136.1-1986 except where the unique environraent or mission clearly
makes it unreaconable to do so. The hazard analysis for ¢ system will specifically sddress any
instance where it does not meet the standard.

b. RF and Optical Radisdon 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.

c. Safety plans of RF and Optical Sources - Ssfety plans fcr the safe operation of R? and cptical
radiation sources shall be provided. Based on the mission plans, the possibility of providing
automatic power shutoff or the safety-related RF and optical radiatior equipment shall be
considered.

d. Proteciive Measures - Procedures and space module equipment shall be provided to enable
posidve protective measures to be taker to prevent accldental exposures from RF and optical
radiation.
e. Personne] Protection Devices - Based on the safety guidelines and the results of the elactromag-
netic hazards analysis personnel protective device requirements (eyewear, clothing) shsll be
established and the requisite personne] equipment shall be provided.

5.8 THERMAL ENVIRONMENT

5.8.1 Intreduction - N/A

5.3.2 Thermegl Envircaiment Design Considerations - N/A

5.8.8 Thermal Environment Desigr Requirements

Paragraphs 5.8.3.1 and 5.8.3.2 provide the design requirements for spacacreft cabin thermal
environments,

5>-24
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NASA-STD-3000/VOL.VI

5.8.3.1 Temperature, Humidity, and Veatiiation Design Kequirenients

The atmospheric temperature, humidity. and ventilation rates shell meet iz requirements in
Figure5.1.3.1-1.
5.8.3.2 Thermal Morndtoring and Contrel Design Regulzernents

The following requirements shall apply to the monitoring and control of the intertisl ACRV
environmens

& Monjtoring of Thermal Environment - Mcnitor.ng of the thermal eavironment zhall be fully
automatie. The number, type, and lccation of tempersture sensors and the frequeacy of
monitoring shall be such as to ensure measurement of representative cabin temperature and to
allow stable control of thase temperatures,

b. Crewmembers shsl! be provided with the capability to control the flow direction of the
ventilation.
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NASA-STD-3000/VOL.VI

Relsative
Spactral
Wavelength TLV, Effectivaness

(nm) (mI/cm®) S,
200 100 0.03
210 40 0.075
220 25 0.12
23C 16 0.19
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
250 4.7 0.64
300 10 0.30
305 50 0.06
310 200 0.015
315 1000 0.003

®» See Laser TLVs.

¥s am

Reference: 385, page 106-107

Figure 5.7.321-8 ILV’s for Radiant Exposure of Actinic

UV upon Unprotacted Skin sr Eye
Sss following page for applicabls notes

Duration of Exposurs Effective Irradjancs,
Per Day Egr (pW/cm™)
B Ars . ittt teriiiineeenns 0.1
-R0 oV of - ceereson 0.2
2 + B < 0.4
1l hr...... Cersennrs e . c.8
3 o mm LI B L] - I B ’ L] l . 7
15 Min. e e i entnncanns 3.3
b T 1B 6 . 5
5 min L] ¢« 88 0 2 ¥ LI} . . . l o
L miD. et iterosernnanroras 50
30 B@C. v vivv s 100
10 BBC. et nnetsnnnrsnonsson . 300
1 S8C.evsarsn Ciaireaan oo 5,000
0.5 SEC. et tvanrnntaneanns §,000
0.1 BBC ..t cvvtnnnnroransnos 30,000
N
Reference: 385, page 106-107 .
>
Figure 5.2.3.2.1-9 Peraissibie Ultraviolst Exposurss
See following page for applicabls notes
5-26
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NASA-STD-3G00/VOL.VI

Notes for Figures 5.7.3.2.1-8 TLV's for Radiant Exposure of Actinic UY upon Unprotected Skin or Eye
and

5.72.3.21-9 Pernissabls Ultraviolet Exposures

ULTRAVIOLET RADIATION

These Threshold Limit Values (TLVz) refer to ultraviolst rediston in the spectral reglon between 200 and 400
nm and reprosent conditions under which it s beliovad that nearly sll workers may de repearsdly exposed without
edversa effect These valuee for expesure of the eye or the skin apply to ultravicle: rdiatioa from arcs, gas and
vapor discharges, fluorescant and lscandesoent sowrees, and saler radlation, ba: do not apply t wltraviolet lasers.
These values do cot apply to ulireviolet mdiation exposurs of photosealdve Individuals or of individuals
concomitanty exposed to photosensiizing agents. ‘¥ Thess velues should be uses & guldes in the conmol of
exposure to coatinuous sources where the exposure duration ghall not be 1oss thaa 0.1 sec.

These values should be uzed as guides in the control of exposwe to ultaviolat sourcss and should not be regerded
& & fina line between safe and dangerous lovels,

Recommended Valusa:

The tareshold linydt value for occupational exposure to nltraviolet radiction incident upon tkin or sye where
rrediance values are known and exposure time i3 controllad are as follows:

1. Far the near ultraviglet speciral reglon (320 to 400 nm) tozal incideat upon the unprotecied skin or
cye should not exceed 1| mW/cm2 for periods groater than 107 second: (approximately 16 minutes) and for
exposure times less than 1 taconds shou'd not excead cas J/cm?,

2. Far the actinic ultraviolet spectral region (200-315 am), radiant exposure incident upoa the unprowected skin
ar eye should not sxceed the values given in Figure 5.7.3.2.1-8 withir an 8-hour period.

3. To determine the effective L7adiance of a broadband scwrce weighted ageinst the peak of the spectral
effectiveness curve (270 am), the following welghting formula should be usad:

Eogt =LK, 5,62
Where:
Eeft = effective mudiance relative to & monochromatic source at 270 om ia W/em? (I/y/em?)
E, = rpeciral fmadiznce ln W/em?am
S, = relative apectnal effectivencas (unitieas)
A= bend width in nantmeters

A.kammmdﬂmuwsm?mu&mo t radiation Incident upon the unprozcted
skin or eye mey be computed by dividing 0.003 J/em® by Eegt in W/em®,

See Laser TLV,
Referencet 385

V8 431
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NASA-STD-3000/VOL.VI
Blue-Light Burn Hazard
Wavelength Hazard-Function Function
(nm) Bx R‘

400 0.10 1.0
405 0.20 2.0
410 0.40 4.0
415 0.80 8.C
420 0.90 9.0
425 0.95 9.5
430 0.98 0.8
435 1.0 10.0
440 1.0 10.0
445 0.97 8.7
450 0.94 9.4
455 0.%0 9.0
480 0.80 8.0
463 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 6.22 2.2
495 G.16 1.6
500-600 10ti4s0-430) 1.0
600-700 0.001 1.0

700-1050 NA® ] Qirro0-avsas)
NA 0.2

1050-1400

NA = Not applicable.
Raferance: 385, pags LU
Figure 5.7.3.21-10

v'e 423

Spectral Kelghting Functions fer
Assessing Rstinal Hazards free
Brosd-Band Optical Sources
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6.0 CREW SAFETY

6.1 INTRODUCTION - N/A

€.2 GENERAL SAFETY

6.2.1 Introduction - N/A

6.2.2 Gereral Safety Design Considerations - N/A

6.2.3 General Safety Design Requiremesnts

The general safety design shall reflect applicable system and personnel safety factors, incuding
minimization of potential human error in the operation and maintenance of the system.

6.2 MECEANICAL HAZARDS
6.3.1 Introducticn - N/A
6.3.2 Mechanical Hezards Design Considerations - N/A

£.3.8 Mechanical Hazards Design Requirements
Design requirements for the elimination of burrs, corners, edges, protrusions, pinching, snag-
ging, and cutting for IVA are given in this section:

6.8.3.1 Cormer and Edge Requirements

a. Exposed edges 0.25 mm (0.01 in.} to 1.78 mm (0.07 in.) thickness shall be rounded to a full
radius as shown in Figure 6.3.3.1-1.

b. Exposed edges 2.03 mm (0.08 in.) and greater thickness shall be rounded to a minimum
radius of 1.02 mm (0.04 in.) as shown in Figure 6.3.3.1-2,

¢. The edges of thin sheets less than 0.5 mm (0.02 in.) thick shall be rolled or curled as shown
in Figure 6.3.3.1-3.

6.3.3.2 Exposed Corner Requirements

a. Exposed comers of materials less than 25 mm (1.0 in.) thick shall be rounded to & minimum
radius of 13 mm (C.5 in.), as shown in Figure 6.3.3.2-1.

b, Exposed corners of materials which exceed 25 mm (1.0 in.) thickness shail be rounded to 13
mm (0.5 in.) spherical radiue, as shown in Figure 6.3.3.2-2.
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Full Redws

{

.

Lo2smm to .78 mm
(00lin to Q07in)

Reference: 1, Figure 3.5-2, pg. 3.5-11
15§, pg. B-11

Figure 6.3.3.1-1 Requirements for Rounding
Exposec Edges 0.25am
(0.01in) tc 1.76mm (0.07in)

e

o
>

102 mm (Q04in)

munirmm radius/
% g

—

fznsmm(o.osm)

Referencs: 1, figure 3.5-2, pg. 3.5-11 ©
155, pg. 8-31 Bith Updates
S
Figure 6.3.3.1-2 Requirements for Rounding
Exposed Edges 2.03mm (0.08in)
and Grester Thickness

‘il

less than Q5 mm
I(aoz in)
o LJ\_*
Rolled or curded

Reference: 1, Figure 3.5-4, pp. 3.5-11
155, pg. 8-31 With Updates

Figure 6.3.31-3 Requirements for Curiing
of Sheets Less Than 0.5znm

va 7

(0.02 in) Thick

W TeTTT T T N e
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NASA-STD-3000/YOLVI

Fulio 3.0 mm
(0.12 in) radius

Thickricss |ess than
25 mm (1.0 in}

-}
Refersmes 4, Flgurs 355, papn 15-U ©
155, page 32 >

Figure 6.332-1 Requirezents for Roundng of 5
Corners Less Than & ca g
U0 o) Thick !

13mm (0.51n)
Soh ‘cal redbus

Fulin 3.0mm
(0.12 in) radius
Thicknesa grester

than 28 mra (1.0 i)

Reforence: 1, Figurs 158 page 3511

(-]
155, paga B-22 ©
>
Figure 6.1.32-2 Requirements For Rounding
of Cormers Greater Than
25 me (L0 i) Thick
(
6-3
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NASA-STD-3000/VOL.VI

6.2.3.3 Protective Covers on Exposed Protrusions Requirements

Protective covers, cases, or padding shall be used on protrusions or other hazardous objects that
cannot be made completely hazard free.
6.3.3.4 Hcles Requirements

Holes that are uncovered in the range of 10.0 to 25.0 mm (0.4 to 1.0 in) shall be avoided.

6.8.3.5 Latches Requirements

Latches or similar devices that can pinch fingers shall not be used. A protective guard or cover
shall be used where suitable substitutes cannct be found.
6.3.5.6 Secrews and Bolts Kequirements

Screws or bolts with more than two exposed thieads shall be capped to protect against the sharp
threads.

6.8.3.7 Securing Pins Requirements

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 Controls Requirements

Levers, cranks, hooks, and controls shail not be located where they can pinch, snag, or cut the
caewmember or clothing.

6.3.3.9 Buirs Requirements
Exposed surfaces that can be grasped by the bare haid shall be free of burre.

6.3.3.10 Mechanically Stored Exergy Requiremesnts

Care should be taken in the design of mechanical devices capable of storing energy (such as
springs, levers, and torsion bars) to avoid infury to the crew.

a. Safety Features - Where stored energy devices are necessary, safety features such as removal
tabs, locks, protective devices, and warning placards shsl! be provided.

b. Stored Energy Release - Spring-loaded devices (Le., bungee restraints) shall provide means
for releasing stored energy forces.

¢. Backlash - Stored energy devices shall not generate a backlash,
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6.4 ELECTRICAL HAZARDS
6.4.1 Introduction - N/A
5.4.2 Electrical Eazards Design Considerations - N/A

6.4.3 Electrical Hazards Design Requirements

Equipment design shall protect the crewmembers from electrical hazards including those
hazards resulting from contract with live conductors and those hezards resuiting from leakage
current.

8.4.3.1 Cheassis Leakage Current

Crewmembers shall not be ev>osed, by direct or indirect contact with electrically powered
equipment, to excessive levels of leakege current as specified within this section.
6.4.3.1.1 Chassis Leakage Current {with frequency components up to
1 kHz)

The available chassis leakage currents for equipment with leakage current frequency com-
ponents up to one kilchertz shall not exceed the values shown in Figure 6.4.3.1.1-1.

6.4.3.1.2 Chassis Leakage Current (with frequency components up to
1 kHz) Patient Care Equipment - N/A

.
2
& BRE
:

Figure 6.4.3.1.1-1 Nonpatient Eguipment Maximum Chassls
Leakage Current With Frequencv Componants
Up To 1 Kilohertz
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5.4.8.1.3 Chassis Leakage Current (with frequency components above 1
kHz) - Grounded Enclosure/Chassis

The available leakage currents for grounded enclosure/chsssis equipment with leakage current
frequency componeunts above 1.0 kilohertz shall not exceed the values shown in Figure 6.4.3.1.3-1,
6.4.3.1.4 Chaseis Leakage Current (with frequency components above 1
kHz) - Double Infiated Enclosure/Chassis

The available leskage currents for double insulated eaclosure/chassls equipment with leakage
current frequency componests above 1,0 kilohertz shall not exceed 1/2 the values shown in Figure
6.4.3.1.3-1,

6.4.3.2 Crewmember Applied Current Requirements - N/A

RESISTANCE (KiLOOHiAS)
INSERTED !N SERIES WITH

DC DC«fg1ihx i Kkhz < 1 GROUNDING GQNDU!.ETOR
ms _maRMS ma AMS FOR MEASUREMEHT
0.700 0.500 o.sxt(m,gw.o 1.000
NOTES:
1. " ig the frequency somponent of eurrant contridbutinig to the total ehaesls Isakage
oeurrent.
2. The maximum lesakage current for each fraqusncy compenent above 1 khx is
Indlvidusily computsd.

3. The sum of the laakege current compensnts within esch bend of fraguencies shall
not axceed tiie maximum leakage currents shewn for thet bend of frequancles.

2. The gum of tha thres bands of frequancy componants is tha total chassls leakage
eurrent end ghall not nxesed 10.0 milllampsres.

§. A metihed for detsrmining the chassis leakage currant Is 1o uss & epecirum
analyzer to magsurs the voliage davelopss across a realgtance inesrtad b sories
with the grounding conductor. A frequshicy’s eontribution to total isaksge current
(milllampares) is thon compuied es the fraquency’s volkage (volts) mezsured
across tiie resistance in e~ries with the ground eonductor divided b the
resletarce (klloohms) In scries with ths ground conducter.

¥e 410

Figure 6.4.3.1.3-1 Grounded Enclosure/Chassis Maximus leakage Current
Kith Frequency Components Ovsr One Kilohertz
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NASA-5TD-3000/VOLVI

6.4.3.8 Crewmember Protection Requiremants

6.4.3.3.1 Grounding Requirements

All electrically powered roui~ment external non-lsolated metal parts subject to user contact
shall be at ground potential. A permanent grounding means shall be provided to facllitate the
connection of metal parts to ground prior to the connevtion of any electrical signals or power. A
permanent grounding means shall be provided to facilitate the removal of all electrical signels and
power prior to the removal of metal parts from ground. Static and safety grounds shall not be used
to cor iplete electrieal dreuits.
6.4.3.2.1.1 Hlnged Or Slice Mounted Panel. snd Doors Grouncing

Hinges or slides shall not be used for grounding paths.

6.4.3.3.2 Protective Covers And Terminption Poi- ‘s Regquirements
Equipment shall provide grounded or nonconductive protective covering for all electrical

Electrical termination points shall be protected from inadvertent contact vy rrewmembers,
inadvertent contact from foreign objects enz.ing electrical junctions, and moisture accumu’aton.

6.4.3.3.3 Interlocks Requirements - N/A

6.4.3.3.4 Warnisg Labele Requirements
Warmning labels shall be provided where potentials are hazardous to crevymembers.

6.4.3.3.5 Warning Lzbels Plus Recessed Connectors Reqiilrements - N/A

6.4.3.3.6 Plugs and Receptacles Requircments

a. Plugs and receptacles (connectors) shall Lz s2lected and applied such *hat they cannot be
mismated or cross-connected in the intended systein as well as adjacent systems. Although
required. the use of identification alune is not sufficient.

b. Connectors shall be selected and applied such that they have suffident mechanical protection
to prevent inadvertent ccewmeraber contact with exposed electrical cortacts.

¢. Where crewmember connector mating and detnating are articipated, connectars shall be
specifically designed and approved for mating and demating in the exi»ting environment uader
the loads being car:’ed, or connectors shall not be meted or demated until voltages have been
removed from the powered side(s) of the connectors,

d. Wher .rewmermber connector mating and demating are articipated, the design shall provide

sufficient room such as to allow ennnector mating and demating without injury to the crewmem-
ber or damage to the connector or surrounding connactors or com ponents.

6.7
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NASA-STD-3000/VOL.V1

e. Mechanical strain, such as pull, push, or twist, shall be avoided from being transmitted to
electrical junctions, where the strain is static or is imposed by service eondidons.

f. Conneciors which are mounted to a sirface and require a twisting motion by a crewmember
to mate or demete shall be positively keyed or pinne:i to their mounting sudfece.
6.4.3.3.7 Insulation Reqguiremenis
All materisls shall meet the following requiremanss;
1. All exposed electrical conductors shall be insulated utlizing approved insulating materials.

b. The crew shsll be protected from electrical hazards when performing meintenance on
equipment with expased electrical potentials,

6.4.3.3.8 Power Cords Requirements

Battery powered portable equipment shall be double insulated. Non-battery powered portable
equipinent shall incorpoTate a three-wire power cord with onz wire at greund potential. A sycstem
of double insulation or its equivalent, when approved by the procuring agency, may be used without
a ground wire,

6.4.3.3.¢ Molsture/Fungue Growtk Protection Requiremenis
Squipment shall be designed so that moisture collectior. or fungus growth will not present a
safety hazard to the crew.

6.4.83.83.10 Statie Discharge Protection Requirements
Equipment sha]l be desigined so that the crewmembers are protected from static charge bufldup.

6.4.3.5.11 Spacing Between Connectors Requirements

Equipment shall be designed so that a connector installation/removal cooi will not make contact
between the adjecent connectors.

6.4.3.3.12 Bloinstrumentsation System Shoek Protection Reguirements -
N/A

6.4.8.8.13 Rleetrical Bonding

On-orbit electrical Fonding shall prevent injury to crewmembers due to discharges (static,
2lasms, ewc.), inducad RF voltages, intemnal power-faulted equipment, and accidental short dreuits.

6.4.8.3.14 Riectrical Shielding - N/A
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NASA-STD-3000/VOL.VI

6.4.3.3.15 Overicad Protecticn

a. The functioning of an overload protective device shall not result in a fire, electrical shock, or
crewmember injury.

b. An overload protective device shall not be accessible without opening a door or cover, excep?
that the operating handle or opersting tutten of a circuit breaker, the cap of an extrector-type
fuseholder, and similar parts may project cusside the enclosure.

¢. The arrangement of extractor-type fuseholders sball be such that the fuse shali not be pasitively
held or gripped by any part of the fuseholder while energized parts are exposed at any time
during replacement. The load shall be connected to the fusehalder terminal that terminates the
removable cap assembly.

d. Overload protection (fuses and drcuit breakers) intended to be replaced or phyticelly reset
shall be located where they can be seen and replaced or reset without removing cther
components.

<. Each overload protecior (fuscs and circuit breakers) sheil be readily identified for its proper
value,

6.4.3.5.16 Ratveries

Intravehiculer barteries shall be located sn thar they can be easily replaced without special
equipment. Polarity of the bettery terminals shall be prominentdy marked.

6.4.3.3.17 Combustible Materlals - N/A
6.4.3.8.18 Csble and Wiring - N/A

6.4.3.8.19 PMechanlesl Assembly

A switch, fuseholder, lampholder, attechment piug receptacle, or other energized componen:
that is handled by a crewmember shall not rely on friction alons to prevent turing in s mounting
panel.

€.4.5.3.20 Swiiches/Contzruls

Switches/controls shall be designed such as to prevent hazardous unexpected manual or
automatic operation. Switches/controls vvhich provide automatic starting atter an overdoad initiated
shutdown shall not be employed.

6.4.3.3.21 Electvonically Proquced Redistion - N/A
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6.4.2.3.22 Power Driven Equipment And Controls
If a risk of injury to a crewmember 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 directfon when a switch readily accessible to that crewmamber
is activated to initiste operation in the other direction, aor

b. The power driven equipment shall be mechanically construeted such that the injurious forces
are immediately removed by activation of a switch readily accessible to that crewmember.

6.5 TOUCH TEMPERATURE
6.5.1 Introduction - N/A
6.5.2 Touch Tempernture Besign Conslicrations - N/A

6.5.3 Touch Temperature Design Requirements
Surface touch temperature design requirements for micimizing crewmember discomfort and
injury are as follows:

a. The design goal for the mazimum surface temperatures which can come into contasz with
bare skin shall be 40°C (104°F).

b. The maximum allowable surface temperature for continuous contect wel, bere skin shall be
45°C (113°P).

c. Incidental or momenyary bare skin cortect with strface temperatures from 46° - ¢6°C (114°
- 120°F) is permissible. Warning labels shall be provided to alert crewmembers to these
excessive tezaperature levels. Guards or insulaton shall be provided to prevent crewmembes
contact with suzface temperatures in exeess of 49°C (120°F). Where contrct with surfaces above
this limit is required, adequate waming labels and protective equipment are required.

d. For surfaces that must be touched with bare skin, the minimuin remperature shaoll not be
below 4°C (39°F). Where contect with surfaces below this limit is required, adequate warnirg
labels and protective equipment are required.

6.6 FIRE PROTELTICN AND CONTROL
0.5.1 Introduction - N/A
6.6.2 Fire Protection and Control Design Considerations - N/A

6-10
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6.6.3 Fire Protection and Control Design Reguirements
Fire protection end contro! design requiremeats are given below.

i
R LSRR

6.6.5.1 Genersl Requirements

6.6.3.1.1 Fire Protection System

A fire protection system comprising detestion, warning, and extinguishing devices shall be
provided during all mission phases.

6.6.8.1.2 Mpolerial Selection
Only approved fire-retardant materials shall be used.

6.6.3.2 Detection Requirements

6.6.3.2.1 Detaction System Signals
The fire detection system shall provide signals to the vehicle warning system.

e e A L P . KA TIE n amaene—— —=—

€.6.3.2.2 Reset aad Self-test
The fire detection system shall have reset and self-test capabilities.

%.6.8.2.3 Semsor Replacement
All sensors shell be replaceable and accessible.

6.6.3.2 Warniag System Requirements
Waning - General requirements for the fire warning system are as follows:

a. The caution and warmning system shall include & fire waming systein to aler. 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 for
timely action.

d. The visual fire warning display shall be aviation red in accordance with MIL-STD-Z5050.
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; 6.6.3.4 Extinguishing Requirements
a. Portable fire extinguishers shall be provided to conmin and extinguish all fires !n open and
1nclosad areas.
b. Thedesign of the portahle fire extinguishers and interlor components shall provide for acocess
to encloced areas with the extinguisher or extinguishing agent via fire holes or other funetion-
ally equivalent design solution.
c. The design of the poriable fire extinguisher shall provide for single handed use.
d. Chemical agents used for fire extinguishing shall be compatible with toxidty requirements
for the ACRV and the SSF.
e. Design of the vehicle and its components shall provide for rapld access with fire fighting
equipment.
-]
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7.0 HEALTE KANAGEMENT |
7.1 INTRODUCTION - N/A
7.2 PREVENTIVE CARRE
7.2.2 Nutritior
7-2:2-1 mumon - N/A
7.2.2,.2 Nutritior Design Considerations - N/A

7.2.2.83 Nutrition Design Requirements

T dan e ma e, o o TRAE o

7.2.2.8.1 Food Deslgn Requirements

a. Pood provisioning - The food shall be shelf stable with & minimum shelf life of 2 years
when stored a: 21°C (70°F).

b. Number of meals - One meal per person shall be stored for each eight hours of an- f
ticipated occupancy of the ACRY, including orbita] lojter time and time on the earth's surface
without rescue services,

c. Weight and volume - Weight of the food shall not exceed 0.3 Kg (0.67 Ib) per person and
volume shall not exreed 1 liter (0,035 %) per person for each elght hours of enticipated
ACRYV occuparicy time.

7.2,.2.8.2 Potable Water Design Requirements
7.2.2.3.2.1 Potable Water Quality Design Requirements - N/A ’.

7.2.2,.3.2.2 Potable Water Quantity Deslgn Requirements

The supply of available water for drinking and rehydration of food shall be a minimum of
0.75 Kg (2.1 1bs) per person for each eight hours of anticipated ACRV eccupancy time, including
orbital loiter time and time on the earth's surface without rescue services. An additional 1 Kg
(2.2 bs) of water and 8 one gram salt tablets shall be provided for each person for the purpose
of supporting re-entry fluid loss countermeasures,

7.2.2.3.2.3 Potable Water Temperatiire Design Requiremernits
Drinking Water shall be prevented from freezing.
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7.2.3 Reduced Gravity Countermeasures

7.2.8.1 Introduction - N/A

7.2.3.2 Reduced Gravity Countermeasuras Design Considerations - N/A
7.2.3.83 Exercise Countermeasures - N/A

7.2.3.4 Nonexercise Countermesasures

7.2.8.4.1 Introduction - N/A

7.2.3.4.2 Nonexercise Countermeasures Design Considerations - N/A

7.2.3.4.3 Nonexercise Countermeasures Design Requirements

Pharmacological methods, including oral rehydration, shali be provided to increase the
body’s total fluid volume. These countermessures shall be completed prior to entry.

7.2.4 Sleep - N/A

7.2.85 Perscnai Hygicae - N/A

7.2.6 Pre/Post-Missicn Health Management - N/A

7.2.7 Health Monitoring

7.2.7.1 Iantroduction - N/A

7.2.7.2 Routine Healtu Lionitoring Design Considerations - N/A
7.2.7.3 Routine Heszlth Monitoring Design Requirements

7.2.7.8.1 Routine Crew Health Moritoring Design Requirements - N/A
7.2.7.8.2 Water Supply Monitoring Degign Requiremerits - N/A

7.2.7.3.8 Environmental Mconitoring Design Requirements
Environmental monitoring shall be accommodated as necessary to maintain crew health.

7-2
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£ 7.3 MEDICAL CARR
7.3.1 Introduction - N/A
7.8.2 Medical Csre Degign Considerations - N/A
”'} 7.3.3 Medical Care Design Requirements
;‘ The ACRYV shall provide first ald and survival equipment appropriate to the landing environ-
! ment.
7.4 CREW SURVIVAL
7.4.1 Intreduction - N/A
,,' 7.4.2 Crew Survival Design Consideratons - N/A
‘ 7.4.2 Crew Survival Design Requirements
a. The ACRYV shall be designed to preclude hazard to the crew or prevent egress -om the
crashed vehicle in the event of off nominal landing.
l b. Equipment and attachment structures inside the crew compartment (including firtings and
: (, - fasteners) shall be designed for off nominal landing loads specified below in Figure 7.4.3-1.
7.4.3.1 Medical Kit Design Requirements
1
: The ACRYV shall provide an emergency medical kit listed in Figure 7.4.3.1-1.
7.4.3.2 Crew Survival Kit Design Requirements
| The ACRV shall provide the survival equipmert listed in Figure 7.4.3.2-1,
] ; Nx Ny Nz
s 20.0 33 10.0 g
3.3 3.3 -4.4 .
‘; Note: These lcad factors shall act independently
o and the longitudinal load fucics shall be
‘ directed within 20° of the longitudinal axis
| Figure 7.4.3-1 U'timate Inertia Load Factors
B 7-3
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Rirway
Oral airway Min, ot 4
Tracheal tube w/atylet Min., of 2
Laryngoscope
Pertrach Kit
Comox resgugcitator
Ambu Bag

[y

Antisaeptics
Alcohol wipes

Bandages
Ace Bandage
Bandaids
Kling
Sponges
Telfa pads {4 X 48)
Wound pack

Burns
Silvadene cream (silver sulfadiazine)

Decongestants
Afrin nasal spray 1 bottle

Diagnostic Equipment
Blood Pressure cuff
Stethoscope

Eye Treatment
Tearisol eye drops (artificial tears)

Motion Sickness
Phenergan, oral
Scop/Dex

Pain Medications
Ascriptin (aspirin)
Tylenol (acetaminophen w/codeine)

Migcellaneous
Scissors
TWeezare
Tape (generic adhesive - medical)
Steri-Strip skin closure
Penlight

ve 472

Figure 7.4.3.1-1 ACRY Emergency Medical Kit
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PRV A SIY- Tl PN IESVLE

{ 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 1 gun, 14 flares

First ald kit 1

PRC-112 radio (kit) b

Signal mirror b

Knife 1

Sunscresn b

Compass 1

whistle 1

Fenlight 2

SARSAT Beacon 1

Motion sickness pills In first aid kit

Sea dye marker 4

Life ratt 1 crew zaft

Matches 10

Fire starter kit 2
v
[ -]
>

( Figure 7.4.3.2-1 ACRY Proposed 24 Hour Survival Kit (Most-landing)
7-5
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8.0 ARCIITECTURR
8.1 INTRODUCTION - N/A

8.2 OVERALL ARCHITECTURAL CONSIDERATIONS AND REQUIREMENTS -
N/A

8.3 CREW STATION ADJACENCIES - N/A

8.4 COMPARTMENT AND CREW STATION ORIEMTATION - N/A
8.5 LOCATION CODING

8.5.1 Introduetion - N/A

8.5.2 Location Codling Design Considerations - N/A

8.5.3 Location Coding Design Rejuv.ements

8.5.3.1 Aliphenumeric Coding Design Requirements

An aslphanumeric coding system shall be established for the Assured Crew Return Vehicle. The
sysiem shall have the following characteristics:

a. Ease of Use - The coding system shall be simple to use, communicate, and memorize.
b. ACRV Consistency - The coding system shall be consistent threughout the ACRV and atteched
components and the Space Station Freedom. The system shall be consistent for both interior
and exverior locations.

c. User Consistency - The coding system shall be consistent for ell personnel who use and
maintain the ACRV. The system shall be compatible with (if not identical to) design engineering

location systems,

d. Flexibility - The coding #yscem shall be flexible to allow adsptation to ACRV design changes
and reconfiguration.

8.5.3.2 Directional Designation Design Requirements - N/A

8.5.3.3 Location & Crientation By Color Coding Design Requirements
The following requirements apply to the use of color for locadon and crientation coding:

a. Colours - The colors selected for coding shall be consistent with the requirements in Paragraph
9.5.3.2.0, Celor Coding.

b. Consistency - If color is used for location coding purpeses, the colors shall have the same
operational significance throughout the ACRV and shall be consistent in application.

81



8.5.3.4 Location Coding With Placards Design Requirements

An ACRY shall have markings to provide the crew with equipment and compartnent identifien-
: tion, and directional and spatial orientation information. The specific requirements for locatica
5y coding placards are as follows:

a. Map - A map of location codes shall be provided at the entrances 1 areas where the coding
‘ scheme is not obvious to the . ..memb<r or for areas in which there 5 a significant arnount of
preparation activity such as stowage, adjustment, or maintenance of items.

b. Placards on Movable Items - Movable items anc their stowage locations shall be labeled as
recessary to ensure the item is returned to the proper location after use.

RSN - S

¢. Directional Designation - A visual cue shall be provided to allow the crewmember to quickly
adjust to the orientaton of the crew station.

T A ma

d. Markings - Label and placard format and markings shall meet the requirements in Paragraph
9.5, Labeling and Coding.

g 8.6 ENVELOPE GEOMETRY FOR CREW FUNCTIONS - N/A
8.7 TRAFFIC FLOW - N/A

8.8 TRANSLATION PATHS

8.8.1 Introduction - N/A

8.8.2 Transiation Path Design Considerations - N/A

! 8.8.3 Translation Path Design Requirements

8.8.3.1 Minimum Transla. ... Path Dimensions Design Bequirements

Mirimum cross sectional dimensions of translation paths for one crewmember in light clothing
, are shown in Figure 8,8.3.1-1 and Figure 8.8.3.1-2. Translatior: path access to seating shall consider
T body dimensions specified in 3.3.1.3-1.

3.8.3.2 Clearances Design Requirements
In addition to the minimum dimensions given in Paragraph 8.8.3.1, wunslation paths shall be
designed to provide the following clearances:

a. Equipment or Package Clearances - Translation paths through which equipment or packages
must be transported shall allow sufficient clearances for the safety >f both the equipment and
the ACRV.

82
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i ————

STAKDARD PASSAQEWAY Bl cm
i (32 In)

Flgure 6.6.31-1 Minimum Translation Path Dimcnsions for
T_f Microgravity, Ons Crew Member in

i Light Clothing
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Dimensions for 1-S, Onoe
, Crewzoesher In Light Clothing

UG-487

b. Orientaton and Directional Change Clearances - Additonal clearance volume shali be
provided as required for the crewmember to make changes in orientation and/or Airection of
rivel.

c. Il or Injured Crew Ingress/Egress Clearance - TBD

8.8.3.3 Translation Path Obstructions and Hazards Desisii Requirements

The following translation path obstructions and hazards shall br minim!zed:

a. Injury or Damage From Translstion Path Surface - Design translation paths to minimize the
possibility of injury to the crewmeu.ber or damsage t~ transferred equipmeru or the facdlity during
translation.

b, Damage to Nearby Equipment - Equipment located near traffic paths shall be dezsigned
withstand the abuse of crew translation (for example, equipment may be used as & grasp surfic
or a surface from which crewmembers propel themselves).

¢. Obstructions and Entanglements - The translatior path and surrounding aress suall bo
designed to minimize the possibility of entanglement of translating crewwn.embers or equipment
with loose objects such as restraints, cables, hoses, wires, etc.

8.9 MORILITY AIDS AND RESTRAINTS ARCIHITTECTURAL INTRGRATICK
s:g-l muwﬂﬂ - N/A

8.9.2 Mobility Alds & Restraints Integratior Decign Considerations - N/A
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8.9.3 Mobility Alds an(' Resteaints Design Requirements

€..3.1 IVA Mobliity Ald Integratire Design Requirements

Mobility rida shall be located along travslation paths 8s necessary for crewmembers to initiste
translation movement, terminate translation movement, or change direction or speed.

8.9.8.2 IVA Restreint Integration Design Requivrements
The following are requirements for integration of fixed IVA restraints into the ACRYV architecture:

a. Areas Where High Force Application is Required - Restraints shall be provided where
crevwwmembers arc expected to exert forces that cause the body to move in reaction, thereby

degrading task performance.

b, Medical Facility - At least one ACRV couch shall be configured to accommodate patient
restraints from the Space Station Freedom Health Maintenance Facility. Appropriate rescraint
shall be provided to allow access to the ill or injured patient.

¢. Noninteiference - Restraints shall be located so as not to restrict or {nterfere with crew
operations.

8.10 HATCHES AND DCORS

8.10.1 Introduction - N/A

8.10.2 Hatch and Door Design Consideredons - N/A
8.10.3 Hatch and . ocr Design Requiren.ents
£§.10.3.1 Lecation Design Requirements - TBD

#.10.3.2 Pressuie Hatch Indicator/Visuzl Displey Dealgn Requirements
Pressure hatch covers shall have the following visual displays and indicators:

a. Visual Inspaction of Hatch Security - A means shall be provided on both sides of the pressure
hatch for visual safety check to ensure that it has been secured properly.

b. Status Display - Pressure differentials and hatch operational status displays chall be provided
as necessary for safety at appropriate spacz module command and control center(s).

¢. Pressure Difference Indicators - Pressure hatches shall have pressure difference indicators
visible on both sides of the hatch.

d. Operating Instructions - All pressire hatches shall display opersting procedures on both sider
of the hatch.

8-5
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8.10.3.3 Opexning and Cliosing Mechenlems Pesign Requircments
The hatch and door opening and closing mechanisms shall meet the following design require-
ments;

a. Special Tools - The ACRYV degign shall alicw the crew access hatches to be manually opened
from the interor and exterior without the use of tools.

b, Emesgency Operation - Latching mechanisms shall provide for emergency operation in case
of & letching system failure,

¢. Operadion Fram Both Sides - Hatches shall be capable of being operated, locked, and unlocked
from either side.

d. Interlock - Pressure hatches shall be prevented from unlatching prior to pressure equalization.

e. Single Crewmember Operation - Hatches shail be capable of being operated by one crewmenm-
ber.

f. Emergency Closing - Hatches and dcors shall ellow crewmembers to close covers with or
against pressure differentals, for the worst case pressure differential antidpated.

8.10.3.4 Opersting Forces Derlgn Requirements
Hatch and door cover operating forces shall meet the following requirements:

& Latch Operations - The force required to operate door and haich latches shall not exceed the
strength of the weakest of the defined crewmember as defined in section 4.10, Effects of
Deconditioning.

b. Restraints - Restraints shell be pruvided as necessary to counteract body movement when
opening or closing the hatch.

8.19.8.5 Minlrum Size Design Requirements

The hatch ar door opening shall be free of protrusions which might injure personpel ar damage
equipmen.. The minimum size of these openings shall accommcdate passage of the lergest
replaceable module or crewmember (whichever is larger) intended to pass through the opening.

8.10.3.6 Door and Hatch Shape Design Requirements

Doors and pressure-sesling hatches shall be shaped such that they can pass through the opening
intc which they are designed to fit/seal to allow for removal, maintenance, repair, relocaton, etc.
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8.11 VIZVVING - N/A&

8.12 INTERIOR DESIGN AND DECCR

8:.12.1 Imtroauctiorn - N/A

8.12.2 Interior Design and Deccr Design Congiderations - R/A

8.12.8 Interier Design and Decor Deaign Requirements
The {oilowing are requirements for the interior design and decor of the ACRV:

8.12.3.1 Aesthetic and Pgychological Requirements - N/A
8.12.8.2 Decor Flexibility - N/A

8.12.5.3 Color Selection

The use of dark (low brightness) or saturated colors shall be restricted to small aress, {e.g.,
handrails, display frames, etc.).

8.12.8.4 Decor Cieaning arnd Maintenanee
All surfaces shall be easily cleaned and maintained.

8.12,3.5 Decor Durablility

Decor materials shall be resistant to abrasion, scratching, and corrostve contaminants such as
spilled chemicals, grease, body excretions, fungi, moisture, direct sunlight, ozone, and airborne
particles.

8.12.3.6 Safety

The decor shall not be hazardous to tire crew. Potentiul hazards include flammability, offgassing
of toxic fumes, and mechanical hazards.

.18 LIGHTING

2.18.1 Introduction - N/A

8.18.2 Lighting Design Consideratdons - N/A
8.13.3 Lighting Design Requiremments

8.13.3.1 llumiration Level Design Requirements
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8.13.8.1.1 Gencral Iaterior lumination Jeovels Design Rejuirements

The interfor general {'umination of the Assured Crew Return Vebicle shall be 8 minimum of 108
lux (10 foot-candles) of white light.
8.18.8.1.2 Nlumination For Specific Tasks Design Requirements

The lighting level ghall be measured on the primary wark surfaces visusl interfece or 30 {nches
above the floor where apprupriate. Measurement shall be taken at 80% of maximum power.

Specific IVA task lighting requirements are defined in Figure 8.13.3.1.2-1 which also defines
llumination levels for workstatians.

8.18.3.1.8 [lumination Levels of Sleeping Aress Design Requirements -
N/A

ARTA or TASK Lux {(*t. C.)
GENERAL 5¢ {5)
PASSAGEWAYS 32 (3)
Hatches 54 {5)
Handles 54 {5)
Ladders 54 (5)
STOWAGE AREAS 54 (5)
HEALTH MAINTENANCE 215 (20)
WORKSTATION 108 (10) :
@
EMERGENCY LIGHTING 32 (3) ';

Reference: 351 With Updates

Note: Levels are measured at the task or 76Dmm (30 In)
above floor. All levels are minlmums.

Figure 8.13.3.1.2-1 Space Vehicle Illlumination Levsls
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8.13.3.1.4 Illumination [evels for Dark Adaptation Design Requirements

If maximum dark adaptation is required, provisione shall be made for dimming or extinguishing
shall be provided.

When derk adaptation is required for performance of tasks, the following measures shall be
taken:

a. Low Level Lighting - Low lavel lighting shall be provided for task performance which minimizes
loss of dark adaptation.
b. Protection From Stray Light - Areas requiring low level {llumination shall be protected from

external light sources. All external windows shall be provided with protective light shields
(shades, curtains, etc )

8.13.3.2 Light Distribution Design Requirements
8.13.3.2.1 Glare From Light Sources Desizn Requirements - N/A
8.13.3.2.2 Reflected Glare Design Requirements - N/A

6.18.3.2.3 Brightness BRatio Design Reguirementis
The mazimum and minimum luminence ratio for any individual surface shall not exceed 20:1.

8.13.38.3 Light Color Design Requirements
The color temperature of the lighting shall be 3800 X or greater.

8.13.3.4 Lighting PFixtures and Controls Design Requirements
The following design re nuirements apply to lighting fixtures and their contmls:
a. Emergency Lights - An independent, self-energizing illumination system shall be provided

that will be automatically activated in the event of a major primary powr failure or main lighting

circuit malfunction resulting in circuit breaker interruption.

b. Controls - Lighting controls shall meet the following requirements
1. Required controls - Each light fixture shall have its own control. Controls for artificial
illumination at the workstation shall be located within the reach envelope for the operator
at the display/control panel or workstation that is affecied.

2. Control identification - Lighting controls shall be lluminated in areas that are frequently
darkened.

3. Vit .ibility - Dimmer controls shall be provided (either discrete or continuous) wh-n
required for mission requirements.
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¢. Flicker - Light sources shall not have a perceptble flicker.

d. Fixture Protectior - The following protective measures ghall be incerporated into lighting
fixtures:

1. Protaction from crew - Light sources shall be protected from damsyge by crew actvity.

2. Hot surfaces - Provide protective covers on lighting fixtures whose surface temperature
exceeds the mazimum allowable temperatures given in Paragraph 6.5.3 b.

3. Bulb or Lens Ereakage - Provisions shall be incorporated into all light fixtures to contain
ell glass fragments in the case of bulb or lens breakage.

4. Replacement of Bulbs - Provisions shall be incorporated into all light fixtures to allow for
replacement of bulbs or luminaires as appropriate withcut tools and without imposing eny

hazard to the crew.

e. Porwable Lights - Partable lights shall be provided as necessary for illumination of otherwise
insceessible aress or as supplemental lighting.

8.13.3.5 Ambient Medica! Lighting Requiremernts
a. The light intensity shall be as specified in Figure 8.13.3.1.2-1.
b. The minimum (contingency) flluminance needed for patient treatment is 215 lux (20 f. od.).

¢. The light source shall have a color temperature of 5000 °K.

8.13.3.6 Workstation Hlumination Degign Requirements

2. Primary viewing areas (30 to 60 degree visual angle about primary lines of sight) - Maintain
a 5:1 rado.

b. If workstations are required, provisions shall be made for integral lighting. The lighting shall
be dimmable.

8-10
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9.0 WORKSTATIONS

9.1 INTRODUCTION - N/A

9.2 WORKSTATION LAYOUT

9.2.1 Introduction - N/A

9.2.2 Ceneral Workstation Design Factors - N/A
9.2.8 Control/Display Placement an4 Integraticn

9.2.3.1 Control/Display Placement and Integration Design Considerations
-N/A

9.2.3.2 Control/Display Placement and Integration Design Requirements

0.2.3.2.1 Control Spcing Design Requirements

Minimum and preferred spacing for different types of  onwrols are shown in Figure 9.2.3.2.1-1
for the ungloved conditon.

9.2.3.2.2 Display Readnbility Design Regquirements

Disr.lays shail be located and designed so that they may be read, to the degree of accuracy
requirad, by personnel in the normal nperating or servicing posizions without requiring the operator
to assurue an uncomforteble, awkward, or unsafe pesition. Requirements for designing readable
displays are provided below.

a. Accessibility - Displays sheul be visually accessible.

b. Parallex Error - Displays shall be located so that they can be read from the design eye point
with no discernible parellax.

c. Oriertation - Display faces shall be perpendicular to the operator’s line-of-sight whenever
feasible. The angle between the line-of-sight and the normeal to the display shall always be less
than 30 degrees.

d. Simultaneous Use - A visual display that must be monitored concurrently with manipulation
of a related control shall be located so that it can be read to within required accuracy while
adjusting the control.

e. Display Punctionality - Displays shall provide positive and unambiguous indication of system
state (e.g., a light indicating “power on*, a blinking cureor indicating "~=ady™). These positive
indications shall be used consistently throughout the ACRY.
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Rotsry Swmitch -
u—@ é 20 mm (0.8 in) min
.3 , . ’] 40 mm (1.6 in) preferred

25 mm {1.in} min
35 mm (1.4 n) preferred [] @ @ ﬂ
@___! -J L—ZEmm(Hn)min

26 mm {1.n) min 35 mm (1.4 in) preferred
35 mm (1.4 in) praferred

‘ Thumbwheol
"‘] 8 mm (0.2 In) min
. 10 mm (0.4 in} preferred
25 mm (1 in) Mmin
m r—DT%mmHAin) preferred U @ ﬁ ﬂ

15 mm (0.8 in} min
30 mm (1.2 in} preferred

Rotary Controls

—_{i:nm (0.75 in) min -..] r.
r«—-Tzo mm (0.8 in) max - D
z@) [@ | TOOOQ

o
O Qo+
20 mm (0.8 in} min —to—o] I min__T

00

Barrier Guards Pushbuttons (Won-Keyboard Applications)
5mm (0.2 in) min
10 mm (0.4 in) prefarred e B mm (0.2 in} min
‘j 10 mm (0.4 in) preferred
OO © L
wJ L 10 mm (0.4 in) min —-—I reo— 16 mrn (0.8 in) min
25 mm {1 in) preferred 25 mm {1 in) pveferred

Spacing Required Bestween Switch Controls
Refarenco: L, papge 4.89-8

Qith Updates
Nots. See Figure 95.3.3.4.12-1 for Keyboard Layort Dimensions

Ve-268

Figure 9.2.3.2.1-1 Contro! Spacing Reguirements For Ungloved Opsration
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2.2.3.2.8 Control/Display Giouping Desigr Regquirements
Requirenients fur grouping controls and displays are listed below.

a. Punctional Grouping - Displays and/or controls thar are functionally related shall be located
in proximity to one another arranged in functlonal groups (e.g., poOwWer, status, test).

‘ b. Sequential Grouping - When a unique sequence of control actons exists, the controls and/or
7y displays shall be arranged in relation to one another according to their sequence of use. Within
; e functional group, the sequence shall be from left to right or top to bottom whenever feasfble.

°. c. Logical Flow Grouping - When there is not a unique sequence or functional grouping of control
actions, controls and displays shall be arranged in a manner consistent with their logical flow. k

If controls are 1ot to be utilized in any specific sequence, then onnsider arranging them by
importance with the mast important or frequently used cantrol in the most accessible positon.

d. Punctional Group Markings - If several functional groupings of displays and controls are placed
in close praximity on a control panel, an effective means of discriminating between them shall

be provided (e.g., color coding or outlining).

e. Left-to-Right Arrangement - If controls must be arranged in fewer rows than displays, controls
affecting the top row of displays shall be positioned at the far left; controls affecting the second
row of displays shail be placed immediately to the right of these, etc.

¢ e
s A Lst e L i &

E P,

- ( f. Vertical and Horizontal Arrays - If a horizontal row of displays must be assoclated with a
: vertical column of controls or vice versa, the farthest left item in the horizontal array shall
correspond to the top {tem in the vertical array, etc. However, this type of arrangement shall
| be avoided whenever possible.

' 1 g. Multiple Displays - When the manipulation of one controi requires the reading of several
! displays, the control shall be placed as near as possible to the related displays, but not 50 as to
o obscure displays when manipulating the control.

. h. Separate Panels - When functionally related controls and displays must be located on separate

panels and both panels are mounted at approximately the same angle relative to the operator,
the control positions on one pane] shall correspond to the associated display positions on the
other panel. The two panels shall not be mounted facing each other. Controls and displays on
separate panels are discouraged.

6.2.8.2.4 Preferred Contrcl/Displiy Lo~ _uor Design Requirements
Design requirements for the placement of displays and controls are prvided below.
a. Display Location - The most important and frequently used displays shall be located in a

privileged position in the optimum visual zoze, providing that the integrity of grouping by
function and sequence is not compromised. See Figure 9.2.4.2.2-2 for a definition of this zone.
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b. Control Location - The most important and frequently used controls shall have the most
favorable position with respect to ease of reaching and grasping (particularly rotary controls
and those requiring fine settings), providing that the integrity of grouping by function and
sequence is not compromised.

¢. Muld-G Control Placement - Special attention shall be patd to the placement of controls which
must be used while the crewmember is subject to either prolonged ar transitory acceleration
foices above 2-G.

1. In general, these controls shall be located so that the operator’s imb is always in contect
with the control (l.e., no reaching is required).

2. The requirements for movement from one control to another shall be minimized (e.g.,
use combined controls with several functions mounted on a single shaft).

3. Rotary controls shall be selected in preference to iinear controls whenever possible.

4. When linear controls are necessary, they shall be mounted so that the direction of
operation is perpendicular to the direction of G-forces.

S. Guidelines to accommodate decondidoned crewmembers are found in section 4.10.
d. Control/Display Relationships:

1. The relationships of a control to its associated display and the display to the control shall
be immediately apparent and unambigucus to the operator.

2. Controls shall be iocated adjacent to their associated displays and positioned so that
neither the control nor the hand normally used for setting the controi will obecure the dizplay.

9.2.3.2.5 Consistent Control/Display Placement Design Requirements

Requirements for maintaining consistency in control and display design are provided below.

a. Similarity - The arrangement of functionally similar or identical displays and controls shall
be consistent from panel t panel throughout and between systems, equipment, units, and
vehicles.

b. Mirror Lmages - Mirror image arrangements shall not be used for asymetrical display and
control layouts.

9.2.3.2.6 Maintenance Controls/Dispiays Degign Requirements - N/A

9.2.3.2.7 Emergency Control/Disp:ay Placement Design Requirements

Requirements for emergency displays and controls are provided below.

a. Emergency Control/Display Placement - Emergency displays and controls shall be Jorated
where they can be seen and reached with minimum delay.
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b. Computer-Generated Emergency Displays - Emergency information depicted on existing
- computer-controlled displays shall be sufficlently conspicuous to attract the user’s attention
consistently,

;;: 2.2.3.2.8 Control/Display Movemerit Compatibility Design Requiremerits
) Requirements for control/display movement compatibility are provided below.

a. Consistency of Movement - Controls shall be selected so that the direction of movements of
the control will be consistent with the related movement of an associated display, equipment
componeit, or vehicle.

b. Complex Movement Control - When the vehicle, equipment, or components are capable of
motion in more than two dimensions, exception to 9.2.3.2.8 a shall be made to:

i 1. Maintain consistency with other systems.
2. Maintain a natural assocjation between control and system movements. For example,

for.vard motion of a directional control causes some vebicles to dive or otharwise descend
rather than to-simply move forward.

c. Conflict Avoidance - When several controls are combined in one control activity, caution shall
be exercised to avoid a situation in which similar movement of different controls resuls in
different systems responses (e.g., control motion to the right is compatible with clockwise roll,
right turn, and direct movement to the right).

d. Remote Controls - Where controls are operated at a position remote from the equipment or
controlled vehicle, they shall be arranged to fadlitate consistency of movement.

B e. Movement Direction - When a rotary control and linear displzy are in the same plane, the
. part of the control adjacent to the display shall move in the same direction as the moving part
of the display.

f. Labeling - When control/display relationships specified herein cannot be adhered to, controls
shall be clearly labeled to indicate the direction of control movement required.

g. Time Lag - The time lag between the response of a system to & control inpu’ and the display

- presentation of the response shall be minimired, consistent with safe ¢ ~ effident system
- cperstion. Where such time delay exceeds acceptable limits, the action of . ne control shall be
> appropriately modified (by force feedback or other means) to avoid Gvercontrol. Simple requests

o for data sholl be carried out more rapidly than .5 to 1.0 sec, while changes of entire data pages
may be executed in up to 10 sec, depending on the user’s expectations and the criticality of the
information. If processing requirements result in longer delays, then the system shall acknow-
ledge = control input immediately and provide periodic updates showing the progress of the
processing.
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$.2,.3.2.9 Control/Display Movement Ratio Design Requirements

Requirements for designing the relative movement ratios between controls and displays are

provided below.

a. Adjustment Time - Control/display ratoes for continuous adjustment controls shall minimize
the total time required to make the desired control movement (Le., slewing time plug fine
adjusting time) consistent with display size, toierance requirements, viewing distance, and dme
delays.

b. Range of Display Moverent:

1. When a wide range of display element movement is required, small movement of the
control shall yield a large movement of the display element.

2. When a small range of display movement is required, a large movement of the control
sliall result in & small movement of the display, consistent with accuracy reJuirements.

¢. Coarse/Fine Knob Setting - A rotary knob used for coarse control shall move an associated
display element (linear scale) 3-6 times the distance of a fine control knob per revolution of the
knob.

d. Bracketing - When bracketing {5 used to locet? a maximum or minimum value (e.g., 26 In
tuning & transmitter), the control knob shall swing through an arc of not less than 10 degreas
nor more than 30 degrees either side of the target value in order to make the peak or dip
associated with that value clearly noticeable,

e. Counter - When ccunters are provided, the control/display redo shall se such that one
revolution of the knob produces approximatety 50 counts.

9.2.3.2.10 Control/Display Compiexity and Precision Degign Requiremerts

Requirements governing contrel and display complexity are preseated below:

8. Contrals/Displays and System Compatibility - The complexity and precision of the control
and display system shall be consistent with the precision required by the oversll system.

b. Information Processing Ability - Displayed information shall not ey~eed the user’s perception
or information processing ability (e.g., displays which are too complex oz too briefty presented
to be understood.) Display information shall eonsist of only information thatis pe .nent to the
operator's task st hand. Where it is necessary to have a complex display, means shall be explored
to simplify it: by providing an option to choo ' more cr less detail, an option to display date
in either an alphanumeric or grephic format , or by organizing the information in spatcally
isolated, highlighted, or "boxed-around"” groups.

¢. Motor Ability - The required operatdon of controls shall not exceed the user’s manipulative
ability under the dynamic condition and environrment in which hiuman perforruance is expected
to occur (e.g., manual dexterity, ccordination, force and tcrque generation, and reactivn time
shall not be exceeded).
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9.2.4 Human/Workstation Configuration

9.2.4.1 Human/Workstation Configuration Design Considerations - N/A
9.2.4.2 Humsan/Workstaticn Configuration Design Requirements
2.2.4.2.1 Workstetion Anthropometric Design Regquirements

Workstations/Display and Contro] anels shall be designed to accommeodate the SSF crew.

a. G-level - The physical dimensions and layout of workstadons, aisplay and control panels shall
conform to user characteristics for the particular G-level under which they are to be used (e.g.,
neutra: body posture vs. 1-G posture).

b. Movement - V/orkstations/display and contro] panels shall be laid ouz in such a way that
operator body motion required for workstation/display end control panels functions shall be
minimized to the extent possible. Priority shall be given to the most frequently or ime citdeal
functiops. Micro-g countermeasure features shall be incorpomted into the desiga to the externt

possible.

¢. Musculoskeletal Tension - Workstation/display and control panels design shail minimize the
musculoskeletzl tension required to maintain position/posture required for workstation/display
and control panels uperation.

d. Deconditioned State - Workstation/display and control panels design shall consider special
crewmember orientation requirements due to the deconditioned state of the crewmembers as
defined in section 4.10,

9.2.4.2.2 Visual Space Design Requirements

Good workstation/display and control panels design shall accommodate the visual abilities of

users, Requh*ammmmdspedﬁmﬂamregammgacewmembefsvisudspacempmﬂdedbglom

a. Viewing Distance:

1. Minimum - The effective viewing distance to displays, with tie exception of visual display
terminal (VDT) displays and colliated displays, shall not be less than 330 mm (13 in) and
preferably not less wan 510 mm (20 in.).

Whea using a VDT, & minimum viewing distance of 410 mm (16 in.) shall be provided. The
recommended distance depends on the detall and resoludon of the display, but would
generally be greater than 41+ .am (16in.). When periods of scope observetion will be short,
or when dim signals must be uetected, the viewing distance may be reduced to 250 mm (10

in.).
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2. Maxim m - The maximum viewing distance to displays 'ocated close to thur assodated
controls s limited by reach distance and shall not exceed 710 mm (28 in.}. For other
displays, there is no maximum limit, other than that imposed by space limitations and visual
requirements, provided the display is properly designed.

b, Line of Sight - A crewmember’s line of sight depends on body position and varies as a function
of gravity level as shown in Figure 9.2.4.2.2-1.

¢. .Meld of View - The field of view for a particular observer position is determined by eye and
head movements.

1. The eye movement corponezit for microgravity and 1-G is shown in Figure 9.2.4.2.2-2,
(Note that the field of view is meas*red with respect to the vertical references shown in
Figure 9.2.4.2.2-1.)

2. The head mcvement component for 1-G is shown in Figure 9.2.4.2.2-2. Micregravity
head movement data are not yet available and probably differs fom 1-G.

3. Guidelines to accommodate decondidaned crewmambers are found in section 4.10.

d. Visual Distractions - Workstations /display and control panels shall be designed so that stimuli
distracting to the operator are minimized.

/a—wzu"(: 517
l_____ 5) :{ Sodrcememd

v8-227

Reference: 1,90932.2-2
Figure 9.2.4.2.2-1 Line-of-Sight for One-G and dicrogravity
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o°
18° Optimum l 162 Opumur
359 Maximum 35° maximum

/ —_— 40° Macimum
\ [, - /
~

16° Optireum

182 Optimum

“ve Hovement Range

0° Ustimum 65° Maxirum

60° Maximum 60° Maxwmum /

N TR

5«/ Head Movement Range
(Oria-6 Conditions) 36° Maxirmum

Refersnce: 2, page 27 ©
Figure 9.2.4.2.2-2 Eye and Head Movement Rangss 8
Line-vf-Sight Depends on G-Level) 3
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9.3 CONTRCLS
( 9.3.1 Introduction - N/A
- 9.3.2 Contvols Design Corsiderations - N/A
° 9.3.3 Control Design Requirements
} - 9.3.3.1 Generzl Requirements
- Genersal requirements for the design of controls are provided below.
8. Standardizatdon - Controls shall >e standardized to the maximum extent practical. Specific
. aspects to be standardized include, but are not limited to, the following areas:
" 1. Control operation.
- 2. Control mounting and guarding.
3. Controi arientation.
4, Control size and eclur.
5. Nousandardization of control design shall be employed only if meaningfu' (e.g., red
indicates an emergency contol).
. b. Multi-g Controls - Contrels to be used under prolonged or transitory ecceleration forces above
2 g'c shall be designed to accommodate the crewmember's altered physicsl abilities.
o ¢. Microgravity Controls - Crew restraints shall be provided for use at all microgravity worksta-
tons
’ c: d. Deient Controls - Detent controls shall be selected over continuous controls whenever the
i operational mode requires control operation in discrete steps.
3,,3 e. Stops _.ops shall be provided at the beginning and end of the range of control posidons if

the control is not required to be operated heyond the indicated end positions or cpecified limits,

/ f. Load Limit - Controls shall withstand the crew-imposed limit loads given in Figure 9.3.3.1-1
e & & minimum.

, g. Blind Operation - Where "blind" operation (i.c., actuation without visual observetion) is
necessary, the controls shall be shape coded or separaed from adjacent controls by a* least 13
: cm (5 in.}
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Deslgn
Item Tpo of Losd | mit Birection
load of load
Lovers, Push ar pu8 220 N

Any
handi ey, concentoted on | W43 B dreotion
opatating most axtrems
wheels th of edge

Small Ryeicn 3 ¥Wm Ether
knoba n ftd) @reotion

Referance: 1, page 4.9-2

¥v6-233

Figure 9.3.3.1-1 Maximum Crew Induced Desigr
Limit Losds (Controls ]

h. High-Force Controls - In general, controls requiring operator farees exceeding the strength
limits of the lowest segment of the expected user population shall not be used. High-force
controls shall only be used when the operator’s nomina! working position and/cr restraint system
provides proper support.

i Miniature Contr.ls - Miniature controls (e.g. DIT swithces) shall not be used in the design of
i controls used by the crewmember,

$.3.3.2 Accidental Actuation Design Requiremeats
Requirements for reducing accidental actuation of controls is presented below.

a. Design and Location - Controls shall be designed and located so as to minimize susceptibility
to being raoved accidentally. Particular attention shall be given to critical controls whose
inadvertens operation might cause damage to equipment, injury to personnel, or degradation
of system functions.

b. Protective Methods - Adequate protection shall be provided for controls that are susceptible
to accidental] actustion. Protective methods include, but are not limited to, those listed below.

1. Locate and orient the controls so that the gperator is not likely to strike or move them
accdentally in the normal sequence of control movements,

2. Recess, shield, or otherwise surround the controls by physical barriers. The control shall
be entirely contained within the envelope described by the recess or barrier,

3. Cover or guary “he controls. Safety or lock wire shall not be used.

4. If a cover quard is used, its location when open shall not interfere with the opciatnon of
the protected device or adjacent controls.
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5. Provide the controis with interlocks so that extra movement (e.g., lifting switch out of &
locked detent position) or the prior operation of a related or locking control is required.

6. Provide the controls with resistance (L.e., visccus or coulomb friction, spring-loading, or
inertis) sc that definite or sustained effort is required for actuation.

7. Provide the controls with a leck to prevent the control from passing through a position
without de_.y when ztrict sequential actuation is neceasary (i.2,, the control moved only to
the next position, then delayed).

¢ Noninterference - Protection devices shall not interfere with the normal operation of controls
or the reading of associated displays.

d. High-Traffic Areas - Crirical controls thall not be located in high-treffic paths or tranaletion
paths. If controls must be placed in these locations, mesns shall be used to prevent inadvertent
actuation (i.e., pull to unlatch toggle switches).

e. Dead-Man Controls - Where appropriate, controls, which resul: in system shuidown to a
noncritical operating state wheu force is removed, shall be utilized where operator incapadty
can produce a critical system condition.

f. Barrier Guards:

1. Bander guard spacing requirements for use with toggle switches, rotary switches, and
thumbwheels is shown in Figure 9.2.3.2.1-1,

2. Accidental actuation of controls can result when crewmemberr use barrier guards as
handholds. Barrier guards shall be designed and located 5o as to mu imize this problem.

g. Rotary Switch Protection - Rotary switches that control critice! experiment or vehicle
functons shall be recessed or have barrier guards, Dimensions are shown in Figure 9.3.3.2-1.

0 mm (0410) min
40 mm (L6 1n) max

Kefsrsmoa: 1, page 4.5-10

vé134

Figure 8.3.3.2-1 Roisry Switch Guard
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h. Detachment - Covers and guards shsll be designed to prevent accidentul detachment during
operational periods.

i. Position Indication - When protective covers are used, control position shall be evident
without requiring cover removal.

j. Hidden Controls - Whea hidden controls (i.e., controls that cannot be directly viewed) are
requireq they shall be guarded to prevent inadvertent actuation.

k. Hand Controllers - Hand controilers shall have a separate on/off control to prevent inadver-
tent actuation when the contrcller is not in use.

L Circuit Breaker Proteciion - When cir. .t breakers are ganged in 8 common array, a cover
shall be used as en sdditional security measure to prevent inadvertent actuation or damsage.

2.3.3.3 Control Types Design Requirements

9.3.3.3.1 Knob Design Requirements ,
Requirements for the design of knokbs are previded below.

a. Discrete Rotary Selection Switches:
1. General:

a)' Rotary selector switches shall be used when four or maore detented positions are
required for discrete functicns.

b) Rotary selector switches shall not be used for a two-positinn function unless ready
visual identification of control position is of primary importance, and speed of control
operation is rot critical, or unless the use of other types of switches is not feasible.

2. Displacement - Up tu 12 switch posiions may be provided. Standard distance between
nositions shall be 30 degrees.

3. Kash dimensions - Pointer knobs of the type {llustrated in Figure 9.3.3.2-1 are preferred
for general use, Dimensions and alternate designs are, in order of preference, described
within MIL-X-25049 and MIL-H-8810 (most preferred), MIL-STD-1472, AFSC DH 2-2 and
MIL-STD-1348.

4. Separation and arrangement:
a) Rotary selector switches shall be designed with a moving pointer and a fixed scale.
b) The pointer knob shall be mountad su{dciently close to its scale to minimize parallax
error between the pointer and the scale markings. When viewed from the normal

operator’s position, the parallax error shall not exceed 25% of the distance between
scale markings.

913
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¢) Switch design and scale placement shall be such that there is no reascneble possibility
of confusing the poinier-end and nonpointer-end of a knoh.

5. Resistance - Switch resistance shall be elastic, building up, then decreasing 4a each
position is appreached, so that the control snape into posifon without stopping betweea
adjacent positions. The torque required to turn the switch from one detent pocidon to
another chall be no less than 9 N-cm (12 in. oz) at breakout and nu more than 70 N-amx (100
in. 0z) just prior to dropping into the next detent position.

6. Direction of movement - The order of positions shall be such that clockwise movement
indicates "on" ascending order, increased performance, et

b. Continuous Rotary Control Knobs:

1. General:

a) Condnuous rotary contro] knobs (e.g., rheostats, potentiometers) shall be used for
precise adjustment of system parameters.

b) Continuous corntrols may be ejther single-turn or multiturn.

2. Displacement - Single-turn controls shall have a preferred standard deflecion of 240
degrees, between limits located at the 8 o'clock and 4 o'clock positions.

3. Resistance - The torque required to reposition the knob shaft sha’s be 6 to 25 N--m (8 to
36 in. oz).

9.3.3.3.2 Thumbwheel Control Design Requirements
Design requirementr for thumbwheel controls are provided below.

a. Discrete Posiion Thumbwheels :

1. Discrete position thumbwheels shall have 10 or fewer detent positions. The standard
distance between positions shall be 36°.

2. Maximum deflection chall be 360° or less if 10 or fewer positions are required.

3. Each position around the circumference of a discrete thumbwheel shall have a slightly
concave surface or shell be separated by a high-friction (e.g., knurled) area that is raised
from the periphery of the thumbwheel.

4. Resistance shall be elastic, building up and then decreasing &s each detent is approached
50 that the contro] snaps into position without stopping between adjacent detents, The
resistance of discrete thumbwheel controls to movement shall be between 11 and 34 N-cm
(16 tc 48 in. 03).

5. Movement of the thumbwhee! forwerd, up, or to rhe right shall preduce an increase in
the setting value.

914
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b. Continuous Types Thumbwheels:
1. Continuous type thumbwheels shall have a standard deflection of 300° .
2. Hard stops shall be provided to limit the maximum travel of continuous thumbwheels,
3. Continuous thumbwheels shall employ high-friction raised areas to facilitate movement.

4. The resistance of continuous thumbwheel controls to movement shall be between 1 and
4 N-cm (2 and 6 in,0z.).

5. Movement of the thumbwheel forward, up, or to the right shall produce an increase in
the setting value.

c. Coding:

1. Thumbwheel controls shall be coded by location, labeling, or color (e.g., reversing the
colors of the least significant digit wheel as on typical cdometers).

2. Where used as input devices, thumbwheel switch OFF or NORMAL positions shall be
color coded to permit a visual ct :ck that the digits have been reset to these positions (1
applicable).

9.3.3.3.3 Valve Control Design Requirements

Requirements for th: design of valve contrc. are provided beluw.

a. Low-Torque Valves - Valves requiring 1 N-m (10 in-Ib) or less for operation are classified as
"low-torque” valves and shall be provided with a handle, 5.5 cm (2.25 in.) or less in diameter,
(see "d" below).

b. Intermediate-Torque Valves - Valves requiring between 1 and 2 N-m (10 and 20 in-Ib) for
operation are classified as "intermediate torque” valves and shall be provided with a "central
pivot” type handle 5.5 cm (2.25 in.) or greater in diameter, or & "level” {end pivot) type handle,
7.5 cm (3 ir.) or greater in length (the exact size chall be determined by the particular
application).

c. High-Torque Valves - Valves requiring 2 N-m (20 in-Ib) or more for operation are classified
as "high-torque” valves and shall be provided with handles greater than 7.5 cm (3 in.) in length.

d. Handle Dimensions:

1, Valve handles shal' approximate the configuration {llustrated in Figures 9.3.3.3.3-1 and
9.3.3.3.3-2.

2. Handles shall be contoured and finished so es to permit ease of operation.
3. Circular handles, when used, shall have crowns or shall employ concave areas or convex
projections along the periphcry of the handle.
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Reterance: 184, page 16

Figure 8.3.3.3.3-1 Vsive Handle — Centrsl
Pivot Type

78 mm —
(3.0 im}
Spherical min

Reterence: 17+, page 16
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Figure 9.2.5.2.3-2 Vaive Mandle — Lewer Type
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e. Direction of Operation - Rotary valve controls shall open the valve with & counterclockwise
motion.

9.3.3.3.4 Crank Design Requirements
Requirements for the design of cranks are provided below.

&. Dynamics:

1. Where cranks are used for tuning or other processes involving numerical selection, each
rviation shall correspond to a multiple of 1, 10, 100, etc.

2. The gear ratio and dynamic characteristics of such cranks shall allow precise placement
of the follower (e.g., crosshairs) without overshooting or undershooting and successive
corrective movements.

b. Grip Handle - The crank grip handle shall be designed so that it turrs freely around its shaft.

c. Dimensions, Resistance, and Separation - Dimensions, resistance, and separation between
adjacent swept circular areas of cranks shall conform to the criteria of Figure 9.3.3.3.4-1.

T: b
\*__,—‘ | ’15*
. e ey @@
& | wnning
Y

Buic dimentons  ~e— R~

Combined finger/spunner

stylas (consokes)
— ; l
‘ N
kIR
__T:
C—J
Machira crank
| T Handle ) R, Turn.ng rad.us

Ratc ww"ﬂaumv

! - !
[

\ 1 ﬂ
| Load ‘Sow!mm L. Length D,Dumtm]wc RPM | 100 REM
mm,om o mm | on  mm on mm]| oA
L loads Minimum | 250 1 0 10| 18| 38[1172) 13 17 |
Lexs than 22 N R ] * B
51b) (wratang | Pratersd | 38 v1720 13 2| 5| 3 0 g 2912
1 " + e
o MO mentl | maxemum | 78 3 | 18 | 5/8 | 1251 B [ 118 el
Heavy loadh Maimum 78 wr 3| = } ! 18017172 125 8
More than 22 N X
(5 151 (armm Prafered | 83 334| 28 | 1 | o= | o | oo -
novement; Memmum | == | o-- | 38 117208100 20 | 7300 9

S, Separation botween ac acent controls 75 mm (3 1n) minimum
Refarenca’ 2, page B3
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Figure 53.3.3.3.4-1 Cranks
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d. Folding Handle - If a crapk handle could become a hazard to persons passing by, or it is
critical that the handie not be inadvertently displaced by being accidentally . umped, a folding
handle type control shall be used. Such a conrrol shall be uesigned so that the handle is firmly
held in the extended position when in use and folded when not in use.

©.3.3.3.5 Handwheel Design Requirements

Requirements for the design of handwheels are provided below.

a. Restraints - When designed for use in microgravity, adequate restraints shall be provided for
the opersor.

b. Turning Aids - Kaurling, indentation, high-friction covering, or a combinadon of these shell
be built into the handwheel to facilitate operator grasp for applying mavimum torque end to
reduce the pessibility of the wheel being jerkad from the opc.oator’s hands.

c. Spinner Hendles - For applications where the wheel may be rotated rapidly through several
revolutions, a spinner handle may be added. Such handles shall not be used, however, if the
projecting handle is vulnerable to inadvertent displacemeit of a cideal wiaecl sstdng oi if it
creates a safety hazard.

9.3.8.3.6 Lever Design Requirements

Requirements for the desiga of levers e-e provided below.

a. Coding - When several levers are grouped in proximity to each other, the lever handles shall
be coded.

b. Length - The lengih of levers shall be determined by the mechanical advantage needed.

9.2.3.3.7 Toggle Switch Desiga Requirements

Requirements for the design of toggle switches are provided below.

a. Dimensjons - Dimeasions for a standard toggle switch shall conform to the velues presented
ir. Figure 9.3.3.3.7 1.

b. Indicaton of Actuation:

1. An indication of control actuation shall be provided (e.g., snap feel, audible click,
asscciated or integral light).

2. Switch design shall preclude stoppage between positions.

3. Visual verification of switch position shall be obtainable at a glance from any viewing
angle,

“q



NASA-STD-3000/VOLVI

Dimenciors Resistance
™
L D
Arm length Jontro! tip Segll Large
switch switch
Minimum 13 mm 3mm 2.8N 28N
{1/2 1n) {1/8 1n} (10 o2) {70 02)
Maximum 50 mm 25 mm 45N 1N
| i21n) 1Y) {16 o2 140 02)
Displacemant betwzan pasitions
2 position T 3 position
Kinimum 3c° 179
Maximum 8o° 40°
Desirod 28° ‘
Separation |
Singls finger 3
cparation Single finger Simultansous operation
r sequantial oparation ty different fingers |
Minimum 19 mm 25 mm 13 mm 16 mm ‘
14/4 10y (1) (11,20} (58 n |
Optimua | SCnm 50 mm 25 mm 13 mm
{2 n) 12 .l (1 (3.4 .n) |
d i o
T Using a Iever '1OCK 103g18 swilch '2
Reference. 2, page 93 s

Figure 9.3.3.3.7-1
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¢ Operating Force:
1. Operating force shall be in the range of 3 to 30 N (0.63 to £.25 1bf).
2. The selected force value shall be dependent upon the specific application (e.g., high-force
switches are especially suited for applications where positive-feel is important).
3. For lever-lock (pull-to-unlock) toggle switches, resistance of lift-to-unlock mechanisms
shall not exceed 13 N (3 1bf),
d. Orientation - The preferred direction of toggle switch operadon shall be vertical. Horizontal
actuation of toggie switches shall be employed onlv -~ mpat{bility with the controlled function
or equipment location.
e. Positun Designation - Switch actuation shall control the system or subsystem functions as
indicated in Figure 9.3.3.3.7-2.
f. Off Position - Where a third position is added for off, the off mode shall be located in the
center position, except where this would compromise equipinent performance, In this case, off
shall be in the bottom position.
9.3.3.3.8 Pushbutton Desigr Requirements
Requirements for the design of pushbutton controls are provided below,
a. Activation:
1. Latching Pushbutton (push-on, lock-on) - The button displacement. Activation shall be
indicated by a suddern drop in resistance and, if possible, an audible click.
2. Momentary Pusabutton (push-on, release-off) - Activation shall be indicatad by positive
feedback.
f 2l men actvatg
off cose doactva's
@ 4 DoleAsg pomAY
dovn decreLss backip
devgyed T
\, slowed manual
Refarence: i pages 4.t 12 2
$
Figure 8.3.3.3.7-2 Toggle Switch Positon
Designaton
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3. Alternate Actior: Pushbutton (push-on, push-off) - Activation shali be indicated by a
sudden drop in resistance, an auditory click, and an assocated display action.

4, Touch Sensitive (nonmechanical) - Activatiun shall be indicated by pasitive feedback.
F. Resistance - The resistance of pushbuttons to movement anall be 2.78 to 23.63 N (10 to
b5 0z). The nominal force-resistance value shall be determined b, the particular application
and the environment in which it is operated.
¢ Dimension:

1. Tke standard shape of pushbuttons shall be rectangular,

2. Round pushbuttons shall b = _ -hen dictated by special functional or hardware |
considerations. Vot

3. When a pushbutton surt.ce i, not conc.ve, the surface shall provide a high degree of 1
frictional resistance to prevent slippin<, ‘

4. The height and v...th (or dicmzuer, as upp' able) of pushbuttons shall be 2 em (0.75 in.)
minimum and 4 em (1,50 in.) meFimum,

S. The illuminated area of pushbution signal lights shall not be less than 3 cm? (0.40 in%) £ 1
and not greater than 10 em2 (1.5 in.z). :

d. Displacement:

J. Momentary pushbuttons shall have a total displacement of 0.32 to 1.84 cm (0.125 to
0.725 in.).

2. Latching pushburons stail have a total displacement of 0.64 to 1,84 cm (0.250 to 9.725 :
in.).

3. Alternate action pushbuttons shall have a displacement of 0.32 to 1.84 em (0.125 te
0.725 .},

4. Pre-travel shall be 0.32 tc 1.52 am (0.125 tc 0.6 in.).

5. Cver-travel shall be 0.32 cm (0.125 in.) maximum.
$.3.3.3.9 Foot-Operated Switch Desigu Reguirements - N/A

9.2.3.3.10 Pedal Design Requirements - N/A
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] 9.3.3.3.17 Rocker Switch Design Requirements

;‘; Design requirements for rocker switches are provided helow.

W a. Fosidve Indizaticn - An incication of conaol activation shall bc provided (e.g., snap feel, .
o audible click, associatcd or integral light).

%g_ ?
o b. Dimensions, Resistance, Displacement, and Sepa,.-lon - Dimensions, resistance, displace-

e ment, and separatior between centers of rocker switcher shall conform to the criteria in Figure \
Ji; 9.3.3.3.11-1, Resistanc. shall gradually increase, thex drop when the switch snaps into posidon. :
- The switch shall not be capable of being stopped between positions.
"

v

ST ¢. Orientation: ,
_;“:: & 1. Where pracicable, rorker swiwches shall be vertically oriented. ;
- T ¥\;. “v !
ST 2. Activation of the uprer wine of a rocker switch shall turn the equipment or ccuporent :
< ot on, cause the quanti™ ‘o increase, or caus¢ the equipment or compauent to move forward, .
i clockwise, to the right, or up. i
i I
By 3. Horizontal orientativn of rocker switches shall be ewnployed only for compadd:iliiy with :
ke the controlled function or equipment location. y
o :
! N
r“; '
R

Dimensions [
Resistance

W, Width L, Length 1l
Mimimum J “mr (1/4 1n) 13mmt1,'2mm 2.8 N (i0oz)
Maximum | L 11 N (40 o2)
r —
] . Saparstion
Discizcement
. i (centar-to-centar)
1 H, Ht, Dep essed A, Angle 3 (bars hand)
e | Mivmum | 3 me (1/8 i) 30° | 19mm (3/4in)
i Referencs: 2, page 96 3
L ~
=
Figure 9.3.3.3.711-' Rocker Switches
;" 22
o \*\;'
A
R
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g v _ B o T T e T e A e T g 1L N T e e .- e ']‘,
. e - o . T Rt



NASA-STD-3000/VOL.VI

9.3.3.8.12 Push-Pull Contro! Design Requirements
Desigr requirernents for push-pull controls are provided below.

a. Handle Dimensions, Displacement, and Clesrances - Handle dimensions, displacement, and
clearances for push-pull control handles shsll conform to criteria iz Figure 9.3.3.3.12-1.

b. Rotwstion:

1. Except for combinaton push-pull/rotate switch configurations, push-pull contro] handles
shall be keyed to a nonrotating shaft.

2. When tte control system provides a combination push-pull/rotate functionsl operation
using 8 : . "ad style knob, the rim of the knob shall be serrated tc denote (visually and
tactually, .1at the knob can be rotated, and to fadlitate a slip-{ree finger grip.

r
! Contigurstion examing T ADO4LLa10N BT ileTa tr— Deren crimna
[ b Drrrera.oms N wplacemam Soperston
a Puth-gali cotrod. low resatance,i D, min dia C. mmn I 25¢1Imm  |§ mm weee
tor PG -QOsticn MOChZ™ Cal 18 mon (J/4 in) | Claaranca {12172 .n) D8 T
wwd {07 ¢lectT il SY VTR, 2B mm (1 n) frun Detween |38 MM (1-1/2.1n]
Alternats throe poston phus 530 13 men R fudd 13 mm
1otary huncticn zocopteh's for (172 mi ler pouncm (12 ) tor
200 CALON SUch 3 wencke Poved hand 13 mm (172 10} | goved Dand
Mesdiont phug park g hghts,
| pany ang dome mhts provise (
| terrated rem i
Alternats Dandia, muisnure D, mus dia N/A L, s length \ [0, 91, S, mun space Il
clactrical P swrteh only 8 mm (14 m) 19rm () | 13 mm (172.0] ) DItwen 1
Avoxi glove uss MPlLCATICN. 2 mm il '
Migh foroe push-gul), for two- W, mun untth D, dsoth C.mm 0 e m £, mun wWeoe ’
; PoLtOn Mechanical systam only, 100 oem (4 in) | 1638 mm cHe ¢ erice 25 mm (1) | bstween ;
( (8/3- Bomm (112w e 13mm (172w |
! 1-172 1) Add 3 mm &0 mm (2 M) !
{14 ) tor \
J gored hand J'
TSIT\I.M. MMMT'\J,mmm TD,crpth C. mmn [, v o
DOSS Dte AT DY CAENNG 100 mm (4 1) | 16-38 mm clearsnce B mm (1 m) |
| POSDU ity SxistE. (8% 32 mm (11720
Y 4 Ad I8 mm 172 o Preferreg !
< Nots: (1 m) tor 50 mm (2 ) .
~Z |V ana  finger pulty tho plovu l
?\ scoepiodee for kot TN !
18 N (4 Ib) sppdicatmons., |
@ Eﬁ | |
1 l AL J
Referance: 2, page 100 9
3
>

Figure 8.3.3.3,12-1 Push-Pull Controis
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c. Derents - Mechanical detents shall be incorporated into push-pull controls to provide tactile
indication of positions.

d. Action of push-pull controls shall be;
1. Pull towards the operator for ON or activation; push away for OFF or deactjvation.
2. Clockwise for activation or increasing function of combination pull/rotary gwitches.

e. Resistance - Farce for pulling a parel control with fingers shall be not more than 18 N (4 [b),
for pulling a T-bar with four fingers shall be not more than 45 N (10 bb).

9.3.3.3.13 Circuit Breaker Design Requirements

Design requirements for circuit breakers are provided below.

a. General:

1. Circuit breakers shall be used for functions that require automatic protection against
excessive electrical currents.

2. Circuit breakers shall be resettable.

3. Except for special cases, circuit breakers shall be of the plunger type (pull-to-release,
push-to-reset).

4. All tripped conditions shall be visualty indicated.

b. Dimensions - Preferred dimensions for handles of plunger and switch type circuit breakers
are illustrated in Figure 9.3.3.3.13-1.

c. Separation and Arrangement - An edge-to-edge distance of 2.5 am (1.0 in.) nominal, 1 cm
(0.5 in.) minimum, shall exist between circuit breakers grouped in horizontal rows, which is the
preferred arrangement. The distance between rows shall be a minimum of 2.5 em (1.0 in.).

d. Displacement:
1. The tripp=d condition of the plunyer-type circuit breaker shall be indicated by a white or
silver band. When the drcuit breaker is closed the band shall not be visible (see Figure
9.3.3.3.13-1).

2. The "of" or tripped condition of the switch type circuit breaker shall be indicated when
the handle is in the "down" position (see Figure 9.3.3.3.13-1).

e. Resistance - Thie force requirec to reset a plunger-type crcuit breaker shall not exceed 53 N

(12 1b). The force required to manually trip a plunger type circuit breaker shall not exceed 35
N (8 ).
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Plunger Type
10.8 mm
(0.43 ) 9
5.6 mm .
(0.22 m 9 r T dia
078 mm |
(0.03 1n) R (typ! 12.85 mm
2.4 mm (0.8 n)
(0.94 1n) !
Trip 'ndicator
3.8mm
] .15 1m ™"

__/\f__l

Reference. 194, page 22

Figure 89.3.3.3.13-1

Switch Type

Circult Breakers

9.3.3.2.14 Slide Switch Control Design Requirements
Design requirements for slide switch controls are provided telow.

a Dimensions, Resistance, and Separation:

1

16 mm
{0.83 in)

U

V6243

1. Dimensions, resistance, and separation of slide switch handles shall conform to criteria
in Figure 9.3.3.3,14-1.

2. Detents shall be provided for discrete control setidings. Resistance shall gradually
increase, then drop when the switch snaps into position.

3. The discrete control slide switch shall not be capable of stopping between pasitions,

b. Orientaton - Where practical, slide switches shall be vertically oriented. Horizontal oriea-

tation or actuaticn of slide switches shall be employed only when necessary for compadbility
with a controlled function or equipment location.

c. Positive Indicaticn - Slide-switch controls ihat are analog or involve more than two discrete
positions shall ke designed to provide positive indication of control setting, prefersbly a pointer
located on the left side of the slide handle.
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Dimensions Resistance
N L] Small Large
Actuator height Actuator width switch switch
Minimum 6§ mm (1/4 in) 6 mm (1/8 in) [28N (100z}){2.8 N (1002}
Max mum - 25mm (1in) |45 N (160z) 11N (40 0z

Separstion, §

Single finger Single finger Simutitanecus oparation

operation sequential operation by ditferent fingers
Minimum 19 mm (3/4 in} 13mm {1/2.n} 16 mm (5/8 inj
Optumum S0 mm (2 'ni 25 mm (1 n) 19 mm (3/4 1n)

)

Referenca 2, page 98

d. Switch Action - Moving the slide up or away from the operator shall result in turning the
equipment oOr component on, causing & quantity to increase, or causing the equipment or

Figure 8.3.3.3.14-:

component to move forward, clockwise, to the right, or up.

$.2.3.3.15 Legend Switch Design Requirements
Design requirements for legend switches are provided beiow.

a Dimensions, Resistance, Displacement, and Separation - Dimensions, resistance, displace-
ment, and separation between adjacent edges of legend switches shall conform to the criteria

in Figure 9.3.3.3.15-1.

b. Barier Height - Barrier height from panel surface shall conform to the criteria in Figure
9.3.3.3.15-1. Unless otherwise specified, barriers are required on critical switches and on
switches likely to be inadverten:ly actuated. Barriers, when used, shall not obscure visual access

to controls, labels or displays.

9-26
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81. sz A Barriers R
R ofi5ten
Size Displacemant B, By co
Minmum |18 mm*|  3mm** | 3mm | 5mm 28N°°°
(3/4 in) {1/8.n) {18 in} | (3/18.1n) (10 02)
Maximum |3€ mm 6 mm 6mm | 6mm 18.7N
1-1/2 in {1/4 in) (1/4 in){ (1/4 in} (80 o2}
Notes: Reference: 2, page 84 Nith Updates w <
‘15 mm (5/8 :n} where switch is not depressed below the pane! ;i
- ** 5mm {3/16 in} tor positive position switches
( *** 5.6 N {20 02) tor use in moving vehicles

Figure 8.3.3.3.15-1 Lsgand Switches

c. Other Requirements:

1. For positive indication of switch activetion, the legend switch shall be provided with e
detent or dick. When touch sensitive switches are used, a positive indication of activatdon

shall be provided, (e.g., an integral light within or above the switeh being acdvated).

2. The legend shall be legible with or without internal flluraination.

3. A lamp test or dual lamp/filament reliability shall be provided for switches if the mean

time between failure (MTBF) is less than 100,000 hours,

4, Lamps withip the legend switch shall be replaceable from the front of the panel by hand
and the legends or covers shall be keyed to prevent the possibility of interchanging the legend
covers. The pushbuttons shall not be susceptible to inadvertent activation during this lamp

removal or replacement process.

5. There shall be a maximum of three lines of lettering on the legend plate,
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9.3.3.8.16 Printed Circuit (DIP) Switches Design Requirements - N/A
2\
9.3.3.3.17 Key-Operaited Switch Design Requirements - N/A
9.3.3.4 Computer Input Devices
9.8.8.4.1 Keyboard Design Requiremests ;
Requirements for keyboard design are provided below. i
9.3.3.4.1.1 Layout
a. Alphanumerics - The basic alphanumeric character arrangement for standard keyboards shall ¥
conform to USA Standard Typewriter Pairing of the American Standard Code for Information ‘7;

Interchange (ASCII). See Figure 9.3.3.4.1.1-1.

x.

b. RESERVED ﬁ

¢ Number keypad - When appropriate, a number keypad shall be added to the keyboard. This ‘g

shall be to the righthand side of the main keyboard, if workstation layout permits, The ¥

arrangement of the numeric keypad shall conform to Figure 9.3.3.4.1.1-2. i

d. Function keys - The use of function keys will depend on the specific system that the keyboard 6

is a part of. 1

\s;

{
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Reference 270, page B-1

V5-41

Figure 9.3.35.4.1.1-1 Keyboard Leycut
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1. Keying Process - Function keys shall be used to make the keying process faster and to
minimize keying errors where fast response is required (e.g., contingencies).

2. Location of Function Keys - Certain functions that occur most frequently or that tend to
occu- together should be placed in the same area.

3. Fun:tion Key Types

(a) Fixed Function Keys - Fixed function keys shall be provided for those functions that
are widely and frequently used. Examples of commonly used fixed function keys are
RESET, BREAK, TRANSMIT, CONTROL, and a means of cursor control.

(b) Cursor Movement Key: - Cursor movement keys shall be arranged fn a spatial
configuration reflecting the direction of actual cursor movemant see Figure 9.3.3.4.1.1-

3).

(c) Variable Function Keys - Variable function keys (user programmable) shall be
provided whenever it is thought that the system will at present or in the future require
the flexibility of these keys.

4, Minimization of Errors - The keyboard layout shall minimize the effec: of likely errors,
especially those that are critical. For instance, the delete key shall never te located next to
the send key or other frequently used keys.

Raferance: 278, cage B-1

U000
OOOG

V6-248

jiaee

V6-249

Figure 8.214.11-2 Kumeric Keyboard Figure 833411-3 Cursor Hovemant Kays
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5. Non-ASCII Key Locations - The locations of keys which are not defined by the ASCTI USA
Standard Typewriter Peiring shall be located using the following guidelines.

(a) Frequently Used Keys - Frequently nsed keys shall be placed in the locations in
which they are mosi wonvenient Lo use,

(b) Potentally destructive Keys - Keys with potentially destructive consequences shall
be physically protected.

(c) Grouping - If possible, keys shall be grouped in some logical pattern (e.g., purpose,
frequency of use, and type of response) and the user informed of this grouping.

9.3.3.4.1.2 General

a. Keyboard Design Commonality - There shall be a single design for keyboards, particularly in
relation to the location of keys, and it shall be user throughout the ACRY,

b. Control Switches - All commcauly used controls associated with keyboard functioning (e.g.,
on/off) shall be readily accessible to the user. Both the control and its isbeling shall be visible
to the user.

¢. Key Markings - The key labels shall be placed on the keys in such a way 5 to be resistant to
wear and abrasion. If the label cannot be placed on the key, it shall be pluced above it.

d. Finger Placement Aids - The "F" and "J" keys on standard keyboards and the "5" on number
keyboards shall be distinguishable to the touch to faclitate the correct placement of the fingers
for touch typists.

e. Keyboard Placement - The keyboard placement shall be compatible with the neutral body
posture and the restraint system being employed.

f. Operating Force - The preferred operating force of a terminal keyboard shall be 0.5N (1.75
oz).

g. Key Displacement - The recommended key displacement for activation is appraximately 0.2
cm {0.08 in.) with bottoming out occurring at about 0.4 em (0.16 in.).

h. Feedback
1. The screen shall provide visual feedback each time a key is activated.

2. Auditory feedback indicating key activation shall be provided. User shall have the option
of deactivating this feedback.

3. Kinesthetic feedback in the form of a distinct "bottoming out” shall be present when keys
are maximally depressed.

i. Keyboard Interlock - Keyboard interlock shall exist to prevent the outputs from two or
mare simultaneously depressed keys from either jamming the print mechanism or outputting
an invalid keycode.

9-30
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J. Size and Shape of Keys - The shape of keys shall:
1. Aid the accurate location of the user’s fingers.
2. Minimize reflections.
3. Provide a suitable surface for the key legends.
4. Be neither sharp nor uncomfortable to press.
5. Have a dished profile curvature for improved keyboarding accuracy.

k. Key Legend - The key legends shall be explicit and easy to understand. Alphanumeric legends
shall not be smaller than 0.3 cm (0.12 in.).

L Color and Reflection of Keys
2. The surface of keys shall have a matte finish to reduce glare.

3. For standard keys, the primary color shall be neutral (e.g., beige or gray) rather than a
color that has a high reflectance like white.

m. Function Key Labels - Function keys shall be labeled with standard funcdon symbols, the
function title, function title abbreviations, or function codes, in that order of prefererce.

n. Key Repeat - Alphanumeric and symbol character keys should automaticelly repeat when
held down. The repeat should have a user selectable delay with a default of 0.5 second and a
user selectable repest rate with e default of 0.1 second. The physical release of the key should
terminate the repeat.

o. Key Spacing - The spacing of keys shall be as indicated in Figure 9.3.3.4.1.2-1.

p. Noise Level - Both keyboard and terminal shall operate quietly enough so that nearby
crewmembers are not bothered by their operation.

$.3.3.4.2 Joysticks Design Requirements

Design Requirements for isotonic and isometric joysticks are provided below.

a. Isotonic Joystick
1. Movement shall be smooth in all directions, and rapid positioning of a follower on a
display shall be arttainable without noticeable backlash, cross soupling, or the need for
multiple corrective movements.

2. Control ratios, friciions, and inertia shall meet the dual requirements of rapid gross
positioning and precise fine positioning.
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Dimenrsions Resistance
Kay wdth
Bara-handed Numeric Alphg-numerc Dualfuncticn

Vinmmum 10mm (0.385in.) 1 N{3.502) 250 mN (0.9 02) 250 mN (0.9 02)

Maximum 19 mm (0.78 in.) 4N(14002) 1.5N(5.3 02) 15N (5.3 02)

Preferred 13mm{0.5in)

Displacemeant Saparstion
Numrerc Alpha-nymerc Dual tunction (betwean cdjacont key tops)

Mingnum 0.8 mm (C.C31n.) 1.3mm(7.05 ) 0.8 mm (0.3 1n.) g.4mm (025 in.)

Meximum 48mm(0.19n.) 6.3 mm (0.25 in.) 48mm(0.19in)

Praterred 6.4mm (025 in.)
Rafersnce: 2, Page 81 e
Nots: See Figure 9.2.3.2.1-1 For Non-Keyboard Pushbutton Layout Dimensions E

Figure 9.3.3.4.1.2-1 Keyboard
9-32
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3. The delay between control movement and the confirming display response shall nnt
exceed 0.1 second.

4, Dimensions, resistance, and clearance shall conform t- criteria in Figure 9.3.3.4.2-1,
5. Tue joystick shall be placed 50 as not to interfere with other controls.

6. Joystick plecement shall allow effective operation when the operater is using the restraint
system provided and maintaining an optimum viewing position with respect to the VDT,

b. Isometric Joystick

1. The output shall be proportional to the magnitude of the applied force as perceived by
the operator,

2. The isometric joystick shall deflect minimelly in response to applied force, but may deflect
perceptibly against a stop a: full applied force,

3. Isometric joysticks shall be used only when the primary feedback is not kinesthetic, but
of some other form (e.g., visual).

Dimensions Resistance Displacement Clearance
Drplay & 0 | Around  |[Suck to shelt
D, D Length, L A Miek ¢8| stik,C |tront, F

6.5 mm 75 mm J3N 0 120 mm

Minimam (0.25 in) (3 in) (12 oz) (4.76 in)

18 mm 150 mm BAN 45 400 mm 250 mm

Maximum | 1562 in) 8 in) (32 02) oed (15./5 1n) ) (8.88 in)
a Maximum stck excursion plus 100 mm (4 n) _
Reterence 279 psge 8-5 With Updates g,
-2
>

Figure §.3.3.4.2-1 |Isotonic Joystick
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9.3.3.4.3 Light Pen Design Requirements - N/A

9.3.3.4.4 Mouse Design Requirements -

N/A

©.3.3.4.5 Track Ball (Roliilng Ball) Design Requirements

Design requirements for a track ball control device are provided below.

a. Zero-Order Control - A track ball shall be used for zero order control (i.e., a given movement
of the L.l piuduces a proportional movement of the follower on the display) or rate couirol
(i.e., cursor movement is proportional to rate of ball movement), selectable by the user,

b. Follower Recapture - The controller shall not drive the follower off the edge of the display.

c. Location - Track ball placement shall allow efficient use of the device hy crewmembers using
workstation restraints and maintaining optimum view of associated VDT.

d. Dimensions, Resistance, and Clearance - Track ball dimensions, resistance, and clearance
shall conform to the criteria in Figure 9.3.3.4.5-1.

e. Ball Diameter - The smaller diameter ball controls (Figure 9.3.3.4.5-1) shall be used only
where space availability is very limited and when there is no need for precision.

f. Track Ball/Keyboard Integration - The system shall be de<igned so that the user does not
have to alternate frequently between the track ball and the keyboard.

<

Retarence 279, page 8-8

Figure 89.3.3.4.5-1

9-34

Trackball Design

L N e B
Dmmensions Rogintence Clawranca
Diamater, ]Surface expowrw Precision ;"r'::?“ . Aroyund ball, | B#llto
sheif front.
o) A required conditions c g
50 mm 50 mm 120 mm
Minimum (2} 100 ceg 0 (2 1n) (4,78 in)
150 mm 1.ON 17N 320 mm 250 mm
Magimum (6 180 ceg (3.6 o1) (8 o2) (12.82 ) (8.75 1n|
Preterred 100 mm 03N
(4 1n) 120 deg (1.1 o2} o Lateral distance from display centeriing 1o ball centeriing

V6-253
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¢.3.3.6 Speech Transmission Equipment Design Requiremesnts

Requirements for the design of speech transmission equipment are provided below.

a. Frequency - Microphones and assoclated system-input devices shall be designed to respond
optimally to that part of the speech spectrum most essential to intelligibility (i.e., 200 to 6,100
Hz). Where system engineering necessitates speech-transmission handwidths narrower than
200 to 6,100 Hz, the minimum acceptable frequency range shall be 250 to 4,000 Hz.

b, Dynamic Range - The dynamic range of a microphone used with a selected aruplifier shall be
great enough to admit variations in signal input of at least 50 dB.

¢ Nuise-Cancelling liicrophones - In very loud, low-frequency noise environments (1¢0 dB
overall), noise-cancelling microphones shall be used and shall be capable of effecting an
improvement of not less than 10 dB peak speech to root-mean-square-noise ratio as compared
with non-noise-cancelling microphones of equivaler zansmission characteristics.

d. Pre-emphassis - If necessary, speech system input devices shall employ frequency pre-emphasis
with a positive slope frequency characteristic no greater than 18 dB per octave from 140to0 1,500
Hz and no greater than 9 dB per octave over the frequency range 1,500 to 4,800 Hz when no
dipping is used.

e. Peak-Clipping of Speech Signals - Where speech signals are to be transmitted over chanuels
showing less than 15 dB peak speech to root-mean-square-noise ratios, peak-clipping of 12 to
20 dB mey be employed at system input and may be preceded by frequency pre-emphasis as
specified in "d" above.

f. Noise Shields - When the talker is in an intense wnoise field, the miccophone shall be putin a
noise shield. Noise shields shall be designed to meet the following requirements.

1. A volume of at least 250 am® (15.25 in®) to permit a pressure gradient microphone to
function normally.

2. A good seal against the face with the pressure of die hand or the tension of straps.

3. Ahole or combination of holes covering a total area of 65 mm? (.1 an‘) in tha shield to
prevent pressure buildup.

4, Prevention of a standing wave pattern by chape, or by use of sound- “sorbing material.
5. No impediment to voice effort, mouth or jaw movement, or breathing.
g. Speaker/Side Tone - The speaker’s verbal input shall be in phase with its reproduction as

heard on the headset. This side tone shall not be filtered or modified before it is received in the
headset.

0.35
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©.3.3.6 Operaticg Contrels for Volce Communication Equipment Design
Requirements

Requirements for the design of operating controls for voice communication equipment are
provided below.

a. Volume Controls:
1. Accessible volume or gain controls shall be provided for each communication receiving
channel (e.g., loudspeakers or headphones) with sufficic..c electrical power to drive sound
pressure level to at least 110 dB overrll when using two earphones.

2. The sound pressure level (SPL) shall bc maintained within + or - 3 d3 when atmospheric
pressure chianges are encountered within the ACRV.

3. The minimum setting of the volume control suall be limited to an audible lev=l, e, it
shal' not be possible to inadvertently disable the system with the volume control.

4. Separation of power (cn-off) and volume control adjustment functions into separate
controls is preferred. However, should conditions justify their combinadon, a noticeable
detent position shall be provided between the OFF paosition and the lower end of the
continuous range of volume adjustment. When combined power and volume controls are
used, the OFF position shall be labeled.
b. Squelch ontrol - Where communication channels are to be continuously monitored, eack
channel shall be provided with a signsl-activated switching device (squelch control) *o suppress
channel noise during no-signal periods. A manuslly operated, on-off switch, to deactivate the
squelch when receiving weak signals, shall be provided.
9.4 DISPLAYS
9.4.1 Introduction - N/A
9.4.2 Visuai Displays
9.4.2.1 Intreduction - N/A
©.4.2.2 Visusl Display Design Considerations - N/A
©.4.2.3 Visua! Display Design Requirements

9.4.2.3.1 Diagplay Xeadabllity Design Requirements

[N
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9.4.2.3.1.1 Hluminegidon Design Reguirements
Workstation lighting requirements are provided below.

a. Luminance Control:

1. When a display will be used under varied ambient illumination, a dimming control shall
be provided. The range of the control shall permit the displays to be legible under all
expected ambient llumination levels.

2. Dimming to full OFF shall require a positive indicatiorn.
b. Dark Adaptation :

1. Partial Dark Adaptation - When the degree of dark adaptation required is not maximum,
low brightness white light (preferably integral), that is adjustable as appropriate, shall be
used.

2. Complete Dark Adaptadon When complete dark adaptation is required, low luminance
(0.07 - 0.3< od/m?) red light (greater than 620 nm) shall be provided for better visibility.

c. Light Distribution:

1. Where multiple displavs are grouped together, lighting shall be balanced across the
instrument panel such that the mean indicator luminances of any two instrumeats shall not
{ differ by more than 33% across the range of full ON to full OFF.

2. Light distribution shall be suffidently uniform within an integrally illuminated instrument
such that the ratio of standard deviation of .\ndicator element luminances to mean indicator

: luminance shall not be more than 0.25, using eight or niore equally spaced test measure-
A ments.

1 d. False Indication or Obscuradon - Provision shall be made to prevent direct or reflected light
. from making indicators appear illuminatcu vhen they are not, or to appear extinguished when
they are illuminated.

9.4.2.3.1.2 Dispiay Contrast Design Requirem.ents
Requirements tor contrast within an indicator are provided below,
a. Indicator Contrast - The luminance contrast within the indicator shall be at least 50%,

However, this 50% contrast requirement does not apply to spedal displays specifically designed
for legibility in sunlight.

b. Low Ambient Illumination - For low ambient llumination applications, contrast shall be at
least 9096, with the background luminance less than the figure luminance.

9-37
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9.4.2.3,1.3 Reflections Design Requirements |
Design requirements pertaining to reflections are provided below. o

a. Displays shall be constructed, arranged, end mounted to prevent reduciion of informaticn
transfer due to the reflection of ambient {lumination from the display cover.

b. Reflections in viewing surfaces (e.g., view poris, windshields, etc.) shall be avelded. .

¢. Anti-reflection techniques (such as shields and filters) shall not be used If they noticeably oo

degrade display quality. }
¢.4.2.3.1.4 Vibration Design Requirements

Display design shall be such that vibration of the display and/or the observer shall not degrade
display readability below the level required for mission accomplishment.

ToAre -

9.4.2.8.1.5 Display Size Design Requiremenis

As a minimum, displays shall be of sufficient size to provide readily usable data to the user.
This requirement shall hold for all reasonebly anticipated locations of the user’s relative to the

display.

SR e

9.4.2.3.2 Information Presentation Design Regulirements
Requirements for the presentation of informadon in visual displays are given below.

& Content - The information displayed to an operator shall be prioritized such thst the
information which is necessary to perform specific actions or to make decislons {5 eesjest w

acquire,
b. Equipment Response - Signal devices, including pushbutton signal lg. +, shall display
equipment response and not merely control position.

¢. Signal Absence:

1. The absence or extinguishment of a signal or visual indication shall not be used to indicate
a "ready” or "in tolerance” condition, unless the status of the caution light fllament and its
associated circuitry can be easily tested by the operator and operater perception of such
events is not time critical. Display devices shall have a positive indication cf an or ready.

B it L B PR o o)
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2. The absence or extinguishment of a signal or visual indieator shall not be used to denote
a condition; however, the absence of a signal or visual indication shsll be acceptable to

indicate a "powes off” condition for operational displays only - not for maintenance displays.

d. Range and Accuracy - Display range and readout accuracy shall be consistent with the needs \l
of the crewmembers to manage the spacecraft or equipment, but shall not exceed the accuracy

of the input signal.
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e. Duration - Non-dynamic signals and display information shall remain displayed untila direct ,
user input cancels them. Dynamic signals and display information shall have durations of

sufficient length to be reliably recognized under the highest expected operator workload and all

anticipated operational environments.

f. Timeliness Displays (such as CRTs, head-up displays, etc.) requiring refreshed information
shall be updated in a synchronous manner, wiere possible, and be refreshed to the degree of ,
timeliness required by personnel in the normal operating or servicing mode. .

- —— -

g. Display Failure Clarity: !

1. Displays shall be designed so that failure of the dizplay ar display circuitry shall be
immediately apparent to the cew.

:t.‘ﬂ,:;

implemented, the automatic switch-over shall be made immediately obvious to the crew.

|
|
!
2. Where "automatic switch-over” to redundant power or signal sources (due tv failure) is }
B

e

9.4.2.3.3 Display Types

a. System/equipment status - shall be inferred by the {llumination of the indicator, not by the
absence of ilumination. '

b. Indicator Labeling - shall be provided, close to the indicator, impsarting the message intended ;
by the light's illumination. ;

c. Indicator Color - The colar of the light shall be clearly identifiable and meets with established
color standards.

9.4.2.8.3.1 Maintenance Display Desigrn Requirements

Maintenance displays shall be located so they do not interfere with normal flight displays. When
possible, they shell not be visible when not in use.

RRTLRan Rl PEVES oo B vy mwn@v&vw,qw,‘,.

9.4.2,3.3.2 Large Screen Display Declgn Requirements - N/A

2.4,2.3.3.8 Legend Light Design Requirements
Requirements for legend lights are provided below.

a. Use - Legend lights shall be used in preference to simple indicator lights except where design
constraints demand that simple indicators be used.

b. ON/OFF Legibili'y - When nct energized, legends shall be legible but shall not appear to be
energized (c.g. due to direct sunlight).

c. Information Presentation - A maximum of three lines of information shall be presented on
the display face of a legend light.

9-39
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4. Light/Switch Determination - It shall be easy to distinguich between legend iights and legend
Awitches throughout the ACRV.

¢. Status Indication - System/equipment status shall be inferred by the fllumination of the
indicator, not by the absence of {llumination.

9,/ 2.8.3.4 Scales and Pointers Design Requirements

Requirements for the design of scales and po/nters are provided below.

a. Moving Pointer Circular Scales - Clockwise movement of a rotary control or movement of &
linear control forwsrd, up, or to the right shall preduce a clockwise movement of circular scale
pointers and an increase in the magnitude of the setting.

b. Moving Pointer Linear Scales - Clockwise movement of a rotary control or movement of &
linear control forward, up, or to the right shall preduce a movement up or to the right of the
poinier of vertical and horizontal scales and an increase in the magnitude of the reading.

¢. Fixed Pointer Moving Scale - Displays with moving scales and fixed pointers or cursors shall
be avolded. When circuiar fixed-pointer, moving-scale indicators are necessary, clockwise
movenient of & rotary control or moverent of a linear control forward, up, or to the right shall
normally produce a counterclockwise movement of the scale and an increase in the magnitude
of the reading.

d. Fixed Pointer Linear Scale - When use of vertical or horizontal fixed pointer, moving-scale
indicators is necessary, clockwise movement of an associsted rotary control or movement of a
linear control forward, up, or to the right shall normaily nroduce a movement of the scale down
or to the left and an increase in the magnitude of the rcading.

¢. Pointers;

1. LeLg . - The control or display pointer shall extend to, but not overlap, the longest scale
graduation marks.

2. Tip configuration - The pointer tip shall be tapered at a 20° angle (40° included angle),
terminating in a flat tip equal in width to the minor scale graduations.

3. Mounting - The pointer shall be mounted a5 close a5 possible to the face of the dial to
minimize »arallax (see Figure 9.4.2.3.3.4-1).

4. Ci or - Pointer color from the tip to the center of the dial shall be the same as the color
o1 wie marks. The tail of the pointer shall be the same color as the dial face unless the tail is
used as an indicator itself or unless the pointer is used for horizontal alignment.

f Pattern/Color Coding - When certain operating conditions always fall within a given range
¢ u the scale, these areas shall be made readily identifiable by means of pattern or color coding
applied to th= mce of the instrument.
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g. Orlentation - Alphanumerics on stationary scales shall be oriented in the local vertical
positon.

b. Zero Position and Direction of Movement - When positive and negative values are display=d
around a zero or & null position, the zero or null point shall be located at either the 12 or 9
o'clock position. The magnitude of positive values shall increase with clockwise movement of
the pointer, and the magnitude of negative valueg shall increase with counterclockwise move-
ment. When pointer tnovement is more than 360°, the zero or reference point shall be located
at the 12 o'clock position. ¢

-
e ae -

i. Scale Break - There shall be an obvious bresk of at least 10 degrees of arc between the two
ends of the scale, except an multi-revolution instruments such as clocks.

j» Number of Pointers - Whenever precise readings are required, not mare than two coaxial
poinzers shail be mounted on one indicator face.

O 3 -
b AT

k. Pointer Alignment - When a stable value exists for given operating conditions in a group of
dreular-scale indicators, the indicators shall be arranged either in rows so that &ll pointers line
up horizentally on the 9 o'clock position under normmal operating conditions or in columns 8o
that all pointers line up veriically in the 12 o'clock peosition under normal operating conditions.
If a matrix of indicators is needed, preference shall be given to the 9 o'clock position.

T » ™Ay g TSNP

L Relative Position of Scale Marks and Number - When reading time and accuracy are critical,
circular scale maridings and the location of associated numbers shall be arranged to prevent
pointers from covering any portion of the scale marks or numerals. The pointer shall come to
within 0.8-1.6 mm (0.03-0.06 in.) of all scale markings (Sce Figure 9.4.2.3.3.4-2).

TS eewagl A X AL A asdom, ateh o - 2f3BLER

U

m. Placement of Pointers - Pointer: shall be located to the right of vertical scales and at the
bottom of herizontal scales.

e FAXTTT nge me
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2
Rsterence: 2, page 39 2 2
Referenca: 2, pz 30 ;
Figure 8.4.2.3.3.4-1 Sczle and Dial Figwre 94.2334-2 Relationsivp Botwesn
Positioning to Poiater end Scsk: Msrks to
Minpize Parallax Maxinize Reading Accurscy
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n. Placement of Numerals - Numerals shall be placed on the side of the graduation marks away
from the pointer to avoid having numbers covered by the pointer. If space is limited (for curved
or arc scales) numerals may be placed inside of graduation marks to avoid undue constriction
of the scale.

0. Setting - If the display will be used for setting a value (e.g., tuning in a desired frequency),
the unused portion of the dial face shall be covered, and the open window shall be largz enough
to permit at least one numbered graduation to appear at each side of any eetting.

9.4.2.3.3.5 Clock and Timer Design Requirements

Requirements for the design of clocks and timers are provided below.

a. Digital Clocks and Timers - Time measurement indicators shall be of the digital readout type.
Where applications require the display of qualitative information (e.g., relative approximate
time) other types of indicators (e.g., analog clocks and/or clocks of lesser accuracies) may be
used, subject to the approval of the procuring activity.

b. Format - Time measurement indicators shall indicate time or time intervals in seconds (CO
to 59), minutes (00 tc 59), and hours (00 to 23). Values extending beyond 24 hours shall be
displayed in terms of days unless otherwise specified. Greater or lesser resolutdon will be
provided as required.

c. Accuracy - Accuracy shall meet the requirements of the task.

d. Control Modes - Unless otherwise specified, the manual control modes listed below shall be
provided for each time measurement indicator.

1. Start - Upon activation of the start contvol line, the indicator shall begin to count within
100 milliseconds.

2. Stop - Upon activation of the step control line, the indicator shall stop within 100
milliseconds.

3. Reset - Upon activation of the reset control line, the indicator shall reset to zero within
500 milliseconds.

4, Slew/Set:
a) Individual digit slew control shall be provided.

b) A manually set indicator shall slew in an upward direction (from the lowest reading
to the highest reading) at the rate of 2 digits per second. A downward slewing mode
is not required.

¢) For applications where a "direct set” mode is provided in lieu of a timer shall display

the commanded reading within 500 milliseconds after the activation of the “enter” or
“proceed” command.

9-42

e}

(SN



NASA-STD-3000/VOL.VI

d) Upon activation of the count up command and start command, the indicator will
count up and continue counting up through zero upon reaching maximum count (e.g.,
59:58, 59:59, 00:00, 00:01, 00:02).

e) Upon activadon of the countdown command and start command, timers shall
countdown to zero and upon reaching zero shall begin to count up (e.g., 00:02, 00:01,
00:00, 00:01, 00:02). This control mode shall be implemented for event timers. The
mode shall not be provided for clocks unless specifically requested.

f) There shall be no possibility of ambiguity as to whether a timer is counting toward
its target time, or has passed the target time and is counting away from it, if this
ambiguity could negatively affect system performance. For example, an overtime light
can be used.

9.4.2.3.3.6 Flag Display Design Reguiremenis

Requirements for the design of flag displays are provided below.

a. Use - Flags shall be used to display qualitative, non-emergency conditions.

b. Lecation and Mounting - Flag indicators shall be located above the associated control switch,
within meter windows, or with associated items as applicable. Panel flags shall bc mounted as
close to the surface of the panel as possible without obscuring necessary information.

c. Snap Action - Flags shall operate by snap action.

d. Contrast - A minimum of 75% luminznce contrast shall be provided between fiags and their
backgrounds under all expected lighting conditions.

e. Malfunction Indication - When flags are used to indicate the malfunction of a visual display,

the malfunction position of the flag shall obscure part of the operator’s view of the malfunction-
ing display and shall be readily apparent to the operator under all expectzd levels of fllumination.

f. Positions - Flag indicators shall be restricted to three pasitions, with preference being given
to the two-position type.

g. Information Content - Each flag indicator shall indicate a single, immediately identifiable
event (e.g., the completed opening of & valve).

h. Legerd - Alphanumeric legends shall be used in lieu of, or in additfon to, color coding
whenever possible. When a legend is provided on the flag, the lettering shall appear upright
when the flag assumes the active or no-go position.

i. Gray Flag - A gray colored (blank position) mechanical "talk back” fiag shall mean that a
particular system element is in an operational mode or is not inhibited from operation.

. Barber Pole Flags - A barber pole (striped) flag shall mean that a particular system element
i.s indcterminate, inacive, or inhibited from operation.

k. Red Flag - A red flag shall mean that a particular system element has failed.
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L Tect Provision - A convenient means shall be provided for testing the operation of flags.

9.4.2,3.3.7 Digital Display Design Requiremants

Requirements for the design of digital displays are provided below.

a. Mounting - Counters shall be mounted as close as possible to the panel surface 50 a5 to
minimize parallax and shadows and maximize the viewing angle.

b. Spucing Between Numerals - The horizontal separation between numerals shall be betwee
one quarter and one half the numeral width. Numbers having more than fve digits shall have
groups of three digits separated by efther blank space equivalent to one-half the width of one
character or by commas. Grouping shall start from the right.

¢. Movement:
1. Snap action - Numbers shall change by snap action ia preference to continuous movement.
2. Update rate - The update rate shall not be faster than two per second.

3. Reset - The rotation of a counter reset knob shall be clockwise to {ncrease the counter
indication or to reset the counter,

4. Slew rate - Menual slewing modes, **=n provided, shall be capable of slewing ind#vidual
digits at a normal rate of two characters per second. A separate cuntrol shall be provided
for each individual digit (e.g., "units" digit, “tens” digit, etc.), unless otherwise specified.

d. lumination - Digital displays shall be self-illuminated when used in areas in which amb{ent
illumination will provide display luminance below 3.5 cd/m? (1 &t-L).

e. Individual characters shall normally be limited to the numbers 0 through 9, the capitel letrers
of the English alphabet (A through Z), the plus (+) and minus (-) signs, and the decimal point.

f. Accuracy - Digital indicators shall possess an internal accuracy equal to or betrer than the
least significant digit displayed by the indicator.

g. Analog Inputs - When analog-to-digital conversion is required to display an analog signal in
digital form, the displayed digit(s) shall reflect the analog sigral rounded off to the nearest whole
number of the least significant digit displayed (Note: 0.5 shall be rounded up).

%.4.2.3.3.8 Light Emitting Diode (LED) Design Requirements

Requirements for the design of light emitting diodes are presented below.

a. Intensity Control - LEDs shall be capable of being dimmed.
b. Color Coding - Use of LED color coding shall conform to Paregraph 9.5.3.2 i, herein.
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¢. Lamp Testing - LED i{ndicator lights with less than 100,000 hours mean time between failure
(MTBF) shali require a lamp testing capability.

9.4.2.3.3.9 Visuzal Display Terminal (VDT) Design Requirements
Requirements for the design of visual display terminal (VDT) displays are presented below.
a. Resoluton - All displays shall have a mirimum resolution of 67 lines per inch

b. Luminance - The minimum level of luminance recommended for characmrs on & VDT,
regardless of wavelength, shall be 70 cd/m? (20 fL) with a level of 170 cd/m? (50 fL) preferred.

c. Contrast:
1. Controls - VDTs shall be equipped with controls that permit the crew to optimize VDT
discriminability under all anticipated environmental and systems operating conditions,

Adjustment of brightness, contrast, and other electronic parameters shall permit the detec-
don of the weakest target that is siniulated.

2. Tolerance - Operating tolerance for contrast shall be 2 9.

3. Manual control - Under normal ¢ perating conditions, a manuai VDT brightness control
shall b< provided allowing selection of contrast between the lowest intensity symbology and
its background of from 1:1 to at least 16:1.

4. High ambient - As the highest ambient light level is reached, the contrast ratio between
the lowest intensity symbolegy and the background shall degrade to not less than 2:1 (unless
& lower contrast has been manually selected).

5. Automatic control - Where critical images (those necessary for crew safety and mission
success) are exposed to rapid or frequent changes in ambient light levels, the contrast raco
shall be automstically maintained at a level selected by the operator.

6. Recommended contrast - The maximum contrast shall be 909%, the minirum shall be

88%. This narrow range applies specifically to alphanumeric displays with contrast defined
as given below.

= [((Le+Lr)-Id+Lr)) /
(Lc+Ld+2Lr)] x 100
C = contrasts
Lc = character luminance
Id = background luminance
Lr = reflected luminance

e,
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¢ Glare - Glare from a VDT screen shall be controlled for viewing from any angle within 30°
of the axis normal to the screen.

e. Surround:

1. The luminance range of surfaces immediately adjacent to the display shall be between
1034 and 1009 of screen beckground luminance,

2. Surfaces adjacent to the display shall have a dull maite finish.
f. Flicker - the refresh rate for VDTs shall not be less than 55 Hz. For aiphanumerics presented

in negative contrast (dark cheracters on light background) the refresh rate shal! be at least 100
Hz

g. Viewing Distance and Angle:
1, A nominal viewing distanice of 510 mm (20 in.) for VDT use shall be provided.

2. Viewing Angle - All areas of the display surface shall be legible from within at least 30
degrees of the axis centered on, and normal to, the screen.

h. Installation - The face of VDT displays shall be flush with the surface of the penel in which
it is installed.

i. VDT Alphanumerics:

1. Character definition - The amallest definition for a dot matrix shall be 5 by 7 dots, with
7 by 9 preferred. If system requirements call for symbol rotation, a minimum of 8 by 11 is
required, with 15 by 21 preferred.

2. Character font:

a) Unless precluded by other requirements, & standard font shall be used across an
entire system.

b) The font shall include lower case characters and allow far descenders.
¢) Superscripts and subscripts shall be provided.

3. Character size:
a) Character height

1) For extended text, character height shali subtend a minimum of 15 minutes of
arc for low definition characters (5x7). The maximum height shall be 22 minutes
of arc unless a task analysis indicates need for a greater height in any specific
application.

 Baih .
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2) Flight display characters (not extended text) shall not subtend lese than 24
minutes of visuel angle to ensure adequate legibility under launch/entry condi-
tions.

b) Character width - Character width shall be approximately 75% of character height.
¢) Stroke width - Stroke width shall be 1/6 to 1/8 of character height.

4. Alphanumeric spacing:

a) Vertical spacing (line spacing) - Vertical spacing between lines shall be great enough
50 that immediately adjacent ascenders and descenders are separated by at least one

blank pixei.
b) Horizontal spacing:

1) Between words - In printed text, normal spacing between words on a line shall
be one character width.

2) Between characters - Minimum spacing between successive characters on a line
shall be one pixel or 20% of character width (whichever is greater).

¢) Jescender Length - Descenders shall descend below the line by a distance of 109
to 15% of the upper case letter size.

5. Case - Extended text shall be in uppercase and lowercase letters. W rds consisting of
uppercase letters shall be used only to atract the operator's attention (e.g., for a label aor
title).

j. Target Size - When rapid identification is required (e.g., a target of complex shape is to be
distinguished from a non-target shape thet is also complex), the target signal shall subtend no
less than 20 minutes of visual angle at the intended viewing distar.ce. (The term "target” is used
to mean any object, symbol, pattern, or marking that an operator must see.)

k. Display Face Facsimiles - Imeges of scale indicators, digital indicators, signal devices, and
other display faces synthesized on VDT screens shall conform to the general requirements
previously listed for specific types of displays.

. Color - When color VDTs are used, they shall possess the capability to display at least four
co'ers (in addition to black and white) for alpkanumeric and two-dimensional displays. For
three-dimensional graphics displays the VDT shall possess the capability to display at least nine
colors.

m. Display Overlays - The VDT shall provide the capability to display video with text and graphic
overiays.

1. Highlighting - VDT, as a minimum, shal’ » - vide the foliowing highlighting techniques: bold
(high intensity) characters, reverse polaci: ' *.ag.
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o. Windowing - When windowing capability is used. The user shall have the capability to create
windows, delete windows, overlay windows, activate windows, move windows, and size
windows. Images within windows shall be scrollable, if they are larger than the window itself,

9.4.2.3.4 Displey Maintenance Design Requirements

a. Lamp Redundancy - Incandescent display lighting shall incorporate filament redundancy or
dual lamps. When one filament or bulb fails, the intensity of the light shall decrease sufficiently ",
to indicate the need for lamp re lacement, Lut not so much as to degrede operator performance. ;

b. Lamp Testing - When indicator lights using incandescent bulbs are inswlled on a control i
pane], it hall be possible to test all control pane] lights at one time. When applicable, design :
shall allow testing of all control panels at one time. Panels containing three or fewer lights may
be designed for individual press-io-test bulb testing.

c. Lamp Replacement - Where possible, lamps shall be removable and replaceable from the
front of the display panel. The procedure for lamp removal and replacement shall not require
the use of tools and shall be easily and rapidly accomplished.

R
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d. Lamp Remcva! Safety - Display circuit design shall permit lamp removal and replacement
while power is applied without causing faflure of indicator drcuit components or imposing
personnel safety hazards,

WA,“’";::

9.4.3 Audio Displays
9.4.3.1 Introduction - N/A

VT oYL T

9.4.3.2 Audic Dispieys Design Consideratious - N/A

$.4.3.3 Audio Displays Design Requirements

9.4.3.3.1 General Design Requirements
General requirements for the design of audio displays are provided below.

a. False Alarms - The design of audio display devices and circuits shall preclude false alarms.

b. Failute - The audio display devices and drcuits shall be designed to preclude warning signal
faflure related to system or equipment faflure and vice versa. Positive and attention demanding
indicaton shall be provided if faflure occurs.

¢. Circuit Test - All audio displays shall be equipped v-ith circuit test devices or other means of
operability testing.

d. Disable - An interlocked, manual disable shall be provided if there is any faflure mode which
can result in & sustained activation of an audio display.
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9.4.3.8.2 Audio Input/Output Rquipment Design Requirements

a. Frequency Response - Microphones/input devices, loudspeakers/output devices, and as-
sociated audio system devices shall be deeigned to respond nptimally to that part of the
speech/audio spectrum most essental to intelligibility (i.e. 200 to 6,100 Hz). Where system
engineering necessitates speech transmission bandwidths narrower than 200 to 6,100 Hz, the
minimum acceptable frequency renge shall be 250 to 4,000 Hz. Amplitude variation across the
frequency response bandwidth (flatness) shall be not vary more than +/- 3dB.

b. Input devices:

1. Dynamic Range - The dynamic range of a microphone/input devices shall be great enough
to admit variations in signal input of at least 50 dB,

2. Noise Cancrling - Noise canceling microphone/input devices are required for high nois=
envirorments (85 dB (A) or above) and are preferred in all areas.

c. Loudspeaker/output devices :

1. Sidetone - The speaker’s verbal input shall be in phase (r-t uuve a percr ‘vable delay)
with is reproduction as heard on the output device.

2. Audio equipmert used to feed multiple channnels into ouiput devices shall maintain the
frequency response uniformly {+/- 5dB) cver the bandwidth.

3. Headsets - If listeners will be working in high arnbient noise (85 dB(A) or above), binaursl
rather than moneaursl heedsets shall be provided. Unless operational requirer =nts dictate
otherwise, binaural headsets shall be wired so that the sound reaches thi .wn eats in
opposing pheses, Their attenuation qualities shall be capable of reducing the ambient noise
level to less than 85 dB(A). Provisions shall be incorporated to furnish the same protection
to those who wear glasses.

d. Use of De-emphasis - When transmission equipment employs pre-emphasis and p.ak-clipping
is not used, reception equipment shall employ frequency de-emphasis of characteristics com-
plementary to those of pre-emphasis only if it improves intelligibility (i.e., de-emphasis sball be

a negative-slope frequency response not greater than 9 dB per octave over the frequency range
140 to0 4,800 Hz).

e. Feed Back Noise - Positive feetiback noise shall be controlled to tt.e extent that normal voice
communication is not adversely affected.

f. Earphone/Speaker To Microphone Feedback Isolation:

1. Sufficent electrical, mechanical, and acoustical isolation shall be provided to preclude
feedback oscillations (squeal problems) or echo effects (no aiscernable unwanted voice echo

to speaker),
2. Earphone/Specs=r to microphone system loop gain shell be limited to less than 1.
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$.4.3.3.3 Operutor Comfort and Convenlence Design Requiremants
Requirements for operator comfort and convenierce are provided belnw,

a. Comfort - Communication equipment to be worn by a crewmember (e.g., hesdphones) shall
be designed to preclude operator discomfort, Metal parts of the headsei chall not come in contact
with the user’s skin.

h, Hands-Free Operation - Operator microphones and headphones shall be designed tw permit
hands-free operation under normal working cornditions,

9.4.4 Cautlca and Warning Displays
¢.4.4.1 Introdiction - N/A
9.4.4.2 Cautl u and Wamning System Design Considerations - N/A
©.4.4.3 Caution and Warning System Design Requirements
9.4.4.3.1 Alarm Classification Design Requirements

Three alarm classifications are presented below. These are:

a. Emergency (class 1 alarm).

b. Warning (class 2 alarm).

c. Cuution (class 3 alarn .
9.4.4.3.1.1 Emergency Display Gerign Requirements

Requirements for the design of emergency displays are presented below.

a. Definition of Class 1 Alarm - A life threatening condition requiring immediate attention.
Predefined crew responses meay be required prior to taking corrective action. Examples: cabin
pressure decrease, fire/smoke, toxic etmosphere, impending collision.
b. Annunciation Requirements:

1. Each condition shall trigger a “irigne aural tone, (e.g., fire-siren, cabin pressure-klaxon).

2. Tones and visual annunciaticr. . 1all be heard and seen in any habitable area of the ACRV
and the SSF.

3. Iluminated visual annunciation shsll indicate presence of sy«cific emergency condition.

4, Tone shall be resettable at all major control consoles/areas.

9-50
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5. Carrective acdon information shall be avaiiable.

9.4.4.3.1.2 Warning Signel Design Requirements
Requirements for the design of warning signals are presented below.

a. Definidon of Class 2 Alarm - Conditions that require immediate correction to avoid loss of
major impact to mission or potentiel loss of crew. Examples: electrical bus loss, cooling loop
failure, rapid loss of consumables.

b. Annunciation Requirements:

1. A warning signal shall trigger an idenrifiable warning tone and master warning light at
all major control consoles/areas of the ACRV and the SSF.

2. Tone and light shall be reset only by crew action.

3. Message or light shall be provided to specify condition.

4. Method shall be provided to determine if condition return’ within limits.
5. Corrective action information shell be available upon crew request.

9.4.4.3.1.8 Czution Display Design Requirements
Requirements for the design of caution displays are provided below.

a. Definitior of Class 3 Alarm:

1. Conditions of a less time critical nature, but with the potential for further degradation if
crew atrention is not given. Example: heavier than normal consumable usage.

2. Messages that flag loss of redundant equipment such that & subsequent faflure could
result in & warning condition. Action is not necessarily required except that the effect of the
loss in future activity planning must be considered. Example: loss of backup communication
equipment.

b. Annunciation Requirements:

1. Caution displays shall trigger a general tone and light (differes. Jdian class 2 tone/light)
for a set time duration. This duration may be set differently for each caution condition.

2. Tone and light shall be extinguishable by crew action.

3. Data system message shall specify condition and corrective action at the discretion of the
crew.

4, At least one crewmember shall always be available to recetve a caution signal.

951
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5. A method shall be provided to determine if condition returns within limi¢s,
6. A method shall be provided to identify momentary out of limits condition.

9.4.4.3.2 Genersl Cautfon and Warning System Design Reguirements
General requirements for caution and warning systems (CWS) are provided below.
a. CWS Recovery - The CWS shall be rapidly recoverable fram a software system crach.

b. CWS Test Limits - Permanent limit or test conditions shall be stored redunaantly in such a
way that they are protected from system crashes and single operator errors involved with
teroporary limit changes.

c. System Failure - The system shall remair. operable during and after major system faflures
(power, datas, etc.).

d. Sensor Changeout - Critical CWS sepsors shail be accessible for changeout when feasibla.

e. System Starus During Alarm - After an elarm is triggered, it shall be culckly determinsble if
the out-of-limit condition still exists and/or if a new out-of-limit condidon occcurs.

f. CWS Suppresaion - The CWS shall allow alarms, due to predefined activities or condidons,
to be screened or suppressed.

2. Alarm Source - The source of an alarm due to oy limit violation shall be easfly determined
(even if alarm condition is no longer present).

h. Time History - The history of ali alarms shall be maintained and shall be caslly retrievable,
with the time of cocurrence noted.

i. Alarm Classification - The approximate level of classification of an alarm shall be instantty
appareat.

j- CWS Status - After real-time modifications are made to CWS saftware, exact status shall be
easily determined.

k CWS Baseline Limits - A return to the baseline (default) configuration of the CWS shall be
easily enabled after a temporary modification or software "crash®.

L Multiple Alarms - A single fallure condition shall not cause a “waterfall” of related alarms.
However, all out-of-limit conditions shall be retrievable by crewmembers,

m. Existing Signals - Established and recognized audio alarm signals shall be used, provided
they are compatble with the acoustic epvironment and the requirements specified herein.
Standard signals shall nut be used to convey new meanings.

n. Priority - The CWS shall recognize the highest category of unacknowledged signal.

9-52
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o. Disruptive Alarms:
1. All Class 1 through 3 alarms that would disrupt crew performance shall be capable of
being esasfly dowvngraded to a redundant but non-disruptive alarm after \is initial alerting
function has been acknowledged. For cxample, an audio alarm might be 'owngraded to a
non-Cisruptive visual signal that would be presented continuously until the alert cordition
no longer existed.

2. A disruptive alarm that requires manusl shut-off shall not be used if the act of shutting
it off would interfere with the corrective ection required.

p. Alerting Punction - CWS$ alarm signals shall have positive alerting characteristics under all
operating conditions.

9.4.4.8.3 Visual Caution and Warning Display Dezign Requirements
Requirements for the design of visual caution and waming systems are presented below.
a. Master Alc. i Light:

1. A master alarm light shall be provided in cases where caution, waming, or emergency
lights have been located outside of the operator'’s 30 degree cone of vision.

2. Mlumination of the master alarm lizht shall indicare that at least one or more caution,
warming, or emergency lights have been energized.

3. The master alarm light and any applicable caution, waming, or emergency light(s) shall
be energized simultaneously.

4. Master alarm status lights <hall be visible to all operating persannel
b. Advisory and Alerting - Displays such as multifunction displays, cathode ray tube displays,
head-up displays, collimsated displays and other visual display devices displaying simultaneous
and integrated information shall advise or alert operating personnel to information that becomes
critical within the display.

¢. Extinguishing Signal Lights - Signal lights shall be extinguished by one or more of the
following methods:

1. Restoration of a within-tolerance condition without remedial action or as a result of
automatic switch-over.

2. Correction of the situation &s a result of remedial action by the crew,

3. Pesformance of some action by the crew which is directly related to the contrals of the
affected system or component. This action indicates one or more of the following:
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8) An acxnowledgement of the cccurres e of the malfunction.
b) The completion of indirect remedial action.
c) The shutting down of the malfunctioning system or companent.

d. Unembiguous Signals - CWS information shell be presentzd unambiguously, Identifylng the
actual problem.

e. Color - The wlor of CWS indicator lights shall conform to the designation given in Paragraph
9.53.21

f. Brightress - Indicaior iights shell be st least three times Lrighter than the other indieators u.
the seme penel

9.4.4.2.4 Audio Caution and Warning System Display Design Require-

Tienfy

9.4.4.3.4.1 Audio Alarm Characteristics Deslgn Requiremernts
Requirements for the design of audio alarm signals aze provided below.

a. Frequency:

1. Range - The frequency range shal: be between 200 and 5,000 Hz and, if possible, betvreen
500 and 3,000 Hz. Frequendes below 500 Hz shall be used when sigrals must bend around
obstacles or pass through partitions. The selected frequency band ghall differ frm the most
intense background frequencies.

2. Spurious signals - The frequency of an slarm tone shsll be different from that of the
electric power employed in the system to preclude the possibility that & minor equipment
faflure may generate a spurious signal.

b. Intensity:

1. Compatibility with acoustical environment - The intensity, duration, and source location
of audio alarms and sigpals shall be compatble with the acoustical erdronment of the
intended neceiver as well as the requirements of other personnel in the signel areas.

2, Compatibility with clothing and equipment - As applicable, audio signals shall e loud
enough to be heard and understood through equipment or garments.

3. Discomfort - Audio alarm signals shall not be of such intensity s to cause discomfort.
The limits established in paragraph 5.4.3 Acoustics Design Requirements shall not be
exceeded.

4. Audbbility - A signal-to-noise ratio of at least 20 dB shall be provided in at least one octave
band between 200 and 5,000 Hz at the operating positiorn of the intended recetver.
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5. Pressure aperated gain control switches to compensate for volume attenuation {n
underpressurized areas shall be provided.

¢. Alerting Capability:

1. Artention - Signals wich high alerting capacity shall be provided when the system or
equipment imposes 8 requirement on the operator for concentration of attention. Such
signals shall not, however, be so startling as to preciude appropriate responses or interfere
with other functions by holding attention away from other critical signals.

2. Onset and scund pressure level - The onset of critical alerting signals shall be sudden,
and at a sound pressure level as specified in b.4. above.

3. Headset - When the operator is weaiing earphones covering both ears during normal
equipment operation, the audio alarm signal shall be dirested to the operator’s headset as
well as to the work area.

Discriminability:

1. Use of different characteristics - When s ~i.d different audio signals are to be used to
alert an operator to different types of conditions, discriminable difference in intensity, pitch,
or use of BEATS and HARMONICS shall be nrovided. If absolute discrimination is required,
the number of signals to be identified shal! "ot exceed four.

2. Action segment - The identifying or action segment of an audio emergency signal shall
specify the precise emergency or coadition requirin. action.

3. Critica] signals - The first 0 5 second of an audio signal requiring fast reaction shall be
discriminable from the first 0.5 second of any other signal that may oecur.

4. Differentiation from routine signals - Audie alarms intended to bring the operator’s
attention to & malfunction or failure shall be differentiated from ioutine signals, such as
normal operation noises.

5. Prohibited types of signals - The following types of signals shall not be used as alarms
where possible confusion might exist because of the operational environment:

a) Moduleted or interrupted tones that resemble navigation signals or coded radio
transmissions.

b) Steady signals that resemble hisses, static, or sporadic radio signals,

¢) Trains of impulses that resemble electrical interference whether regulary or  ir-
regularly spaced in time,

d) Simple warbles that may be confused with the type made by two carriers when one
is being shifted in frequency (best-fequency-oscillator effect).

e) Scrambled speech effects that may be confused with cross modulation signals from
adjacent channels.
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f) Signals that resemble random noise, periedic pulses, steedy or frequency modulated
simple tones, or any other signals genereted by standard countermeasure devices (e.g.,

"bagpipes®).

e. Masking Other Critical Channels - Audio alarm signals shall not interfere with aLy other
critical functions or mask other critical audio signals.

2.4.4.3.4.2 Audio Alerm Control Desgign Requirements
Requirements for the design of controls for audio alarm devices are presented below.

a. Automatic or Manual Shut-Off - When an audio signal is designed to persist as lang es it
contributes useful information, a shut-off switch controllable by the operstor, the sensing
mechanism, or both, shall be provided, depending on the operational situstion and personnel
safety factors.

b. Automatic Reset - Whether audio alarm signals are desigr.ed to be terminaied automatically,
by manual control, or both, an automatic reset function shull be provided. The automatic reset

function shall be controlled by the sensing mechanism which shall recycle the signal system to
a specified condition as a function of time or the state of the signaling system.

¢ Volume Control:

1. Automatic or manual - The volume (loudness) of an audio alarm signal shall be designed
to be controlled by the operator, the sensing mechanism, or both, depending on the
operational situation and personnel safety factors. Control movements shall be restricted
to prevent reducing the volume to an inaudible level.

2. Ganging to mode switches - Volurne controls may be ganged to mode switches to provide
maximum output during mission pheses in which intense noise may occur and to provide
reduced volume at other times. Ganging shall not be accomplishad if there is a possibility
that intense nolse may occur in an emergency situation during a mission phase in which the
volume would be decreased below an audible level.

9.4.4.3.4.3 Verbal Alarm Signal Desiga Requirements

Requirements for the design of verbal CWS signals are presented below,

a. Nature of Signals - Verbal alarm signals shall consist of:

1. Aninitial alerting signal (non-spaech) to attract attention and to designate the general
problem.

2. A brief standardized speech signal (verbal message) which identiie. - ~pecific
condition and optionally suggests appropriate action.

b. Intensity - Verbal alarms for criticai functions shall be at 1east 20 dB above the speech
interference level at the operating posiuon of the inteaded recetver.
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¢. Vocal Criteria:
1. Type of Voice - The voice used in recording verbal alarra signals shall be distinctive and
mature.

2. Delivery stylz - Verbal alarm signals shall be presented in a formal, impersonal manner.
d. Speech Processing - Verbal alarm signals shall be proceased only when necessary o {ncrease
or preserve intelligibility, such as by increasing the strength of consonent sounds relative to
vowel strength. Where a signal must be relatively intense because of high ambient noise,
peak-clipping may be used to protect the listener against auditory overioad.

e. Message Content - In selecting words to be used in audio alarm signals, priority shall be given |
to intelligibility, ability to convey desired message, and conciseness in that order. i

f. Critical Verbal Alarms - Critical verbal alarm signals shall be repeated with not more than a
3 second pause between messages until the condition is corrected or overridden by the crew.

6.4.5 Advisory and Tutorial Displays 1
9.4.5.1 Advisory and Tutorlal Deeign Requirements

9.4.5.1.1 Advisory Display and Anrunclatic= Requirements z‘ |
Requirements for the design of advisory displays are prezented below:

a. Definition of an Advisory Display - System initiated messages advising of a process status or
other discrete event. Examples: Rendezvous solution complete, mass memory search for formsat
in progress. Crew programmed reminder alerts keyed to time, orbit phase, bi-level state,
parameter limit,
b. Annunciation Requirements:

1. No tones or lights shall be provided.

2. Message shall accompany ell alerts,

3. A history of all messages shall be maintained and available for recall

4, Advisory displays shali be limited to specific workstations.

9.4.5.1.2 Tutoriel Display and Annuncistion Requirements

Requirements for the design of tutorial displays are provided below:

a. Definition of a Tutorial Display - Messages denoting illegal keyhoard syntax, or for assisting
in proper completion of required inputs. These are limited to software configuration require-
ments.
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b. Annunciation Requirements - No tones/lights shsll be used.
2.5 LABELING AND CODING
9.5.1 Infroduction - N/A
$.5.2 Labeling and Ceding Design Considerations - N/A
9.5.5 Labeling and Coding Design Reguirements
$.5.3.1 Labeling Deeign Requirements

9.5.3.1.1 Lebeling Standardization Design Requirements
Requirements for standardizing labeling are listed below.

a. Standardization - To the extent practical, labeling shall be standardized between and within
systems.

b. Categories - Different labeling categories shall be distinct from one another (e.g., it shall be

obvious with a quick glance that a label with operating instructons is not an emergency
procedure or a stowage label).

9.5.3.1,.2 Readability Design Requirements
The readability of labels and markings shall be maximized. The following requirements apply.

a. Vibration, Motion, and [lumination - Labels and markings slall allow easy and accurate
reading in the operational environment, which includes vibration, motion, and fllwnination
considerations.

b. Concise and Unambiguous - Labels shall be as coiicise and unambiguous as possible while
still conveying the intenided information.

¢. Language - Labels shall be written in the English language.
d. Redundancy - Redundancy shall be minimized.
e. Accuracy - Labels and markings shall provide the required accuracy of identification.

f. Size - The size of labels and markings shall be appropriate for all distances from which they
must be read.

g. Nlumination - Labels and markings shall be designed to be read at all expected {lluminadon
levels and color characteristics of the {lluminant.

h. Cridcal Function - The design of labels and markings shall take into sccount the criticality of
the function to be labeled.
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i. Specular Reflection - The design of labels and markings shall minimize the effects of specular
reflection on their readability. A matte or lusterless finish shall be used.

j. Sharpness, Contrast, and Wear - Labels and markings sha!’ be sharp, have high contrast, and
not lose readability as a result of wear.

k. Clutter - Labeling and markings shall be designed and placed 50 as to minimize visual clutter
that could result in information overioad.

L. Iconic/Symboalic Labels - Iconic or symbolic labels shall be permitted.

9.5.3.1.8 Display Labe! Fiacement Design Requirements

Requirements for display label placement are given below.

a. Orientarion - All markings and labels shall be oriented horizontally to the commeon plane so
that they may read quickly and easily from left to right (vertical orientation shall be avoided
whenever pocodble).

b. Display Labels - Labels identifying display functions shall be placed on the panel above the
display.

c. Curved Surfaces - Placement of labels on curved surfaces shall be avoided when possible.

d. Visibility - Markirgs shall be located so that they are visible to crewmembess in the normal
position of access or operation.

e. Overhead Panels - On overhecd panels, markings and labeling shall be oriented such that
they appear upright when observed from the operational viewing angle.

f. Clutter - Markings shall be spaced to avold a cluttered appearance.

g. Association Errors - The arrangement nf markings on panels shall be such that errors of
association of one marking or set of markings with adjacent ones shall not be possible,

9.5.3.1.4 Scale Merking Deslgn Requirements

Requirements for the design of scale markings are provided below:

a. Accuracy:

1. Display range and readout accuracy shall not exceed the needs of the crew to manage
the equipment for which the displays are provided.

2. Scale markings shall not permit readout accuracies that are more precise than the
accuracy of the input signal.
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3. In general, scales that are to be read quantitatively to the nearest graduation mark shall
be designed so that interpolation between gradustion marks is not necessary. Interpolation,
if required, shall be limited to one half the distance between minor graduation marks.

b. Interval Values:

1, The graduaton intervals shell progress by 1, 5, or 2 units or decimal multiples thereof, L
in that order of preference. -

2. The number of graduation marks between numbered graduation marks shell not exceed |
9. i

c. Scale Markings (High Luminance - above 1 ft-L): i
(1

1. The minimum width of major, intermediate, and minor marks shall be 0.32 mm (0.0125
in.).
i

2. The length of major, intermediate, and minor graduation marks shall be at least 5.6 mm,
4.1 mm, and 2.5 mm (0.22, 0.16, and 0.09 in.), respectively.

j

t

g

§

3. The minimum distance between major graduvation marks shall be 13 mm (0.5 in.). ;
4. Minor graduation marks may be spaced as close as 0.89 mm (0.035 in.), but the distance E
I

¢

L

4

7

shall be at least twice the stroke width for white marks on black dial faces and at least one
stroke width for black marks on white dial faces,

d. Scale Markings (Low Luminance - below 1 ft-L):

1. The minimum width of a major graduation shall be 0.89 mm (0.035 in.); the minimum
width of an intermediate graduation shall be 0.76 mm (0.030 in.); and the minimum width

ot @ minor graduation shall be 0.64 mm (0.025 in.). )

2. The length of major, intermediate, and minor graduation marks shall be at least 5.6 mm,
4.1 mm, and 2.5 mm (0.22, 0.16, and 0,10 in.), respecidvely.

3. The minimum distance between major graduation marks shall be 15.5 mm (0.65 in.).
4. Graduation marks shall be spaced a minimum of 1.5 mm (0.06 in.) between centerlines.

2.5.3.1.5 Aligoment Marks/Interface Identification Design Reguirements
Requireinents for alignment marks and other interface identification are provided below.

a. Hardware Connectors

b. Orientation - When a plece of hardware requires a specific orientation that cannot be
identified by alignment marks, arrows and/or lal:ls shall be used to indicate the proper

orieutation.



NASA-STD-3000/YOL.VI

¢ Color - Unless color ~oding is to be employed, alignment masks shall be lusterless white on
dark colored hardware and lusterless black on light colored hardware.

d. Identification - Interface identification shall be used to indicate the relationship between
unattached items that are used together, except when this relationship is obvious.

e. Tethered Equipment - Interface identification shall not be used for movable items tethered
to a mating part (e.g., dust cap for an electrical connector, hinged lid for a stowage container,
etc.)

9.5.8.1.6 Equipment Identification Design Requirements

Requirements for equipment identification are listed below.

e. Equipment Marking - Eipment that must be located, identified, observed, or operated by
a crewmember shall be marked with nomenclature that describes the function of the item and
its pertinent interfaces. However, items whose use is cbvious to the crew (e.g., food table,
windows, etc.) are exempt from this requirement,

b. Numbered Iteins - Multi-quantity {tems that require individual distinction but are not
serialized shall be individually numbered.

¢. Serial Numbers - Multiquantity items that are serialized shall display the serial aumber as
part of the identification.

d. Name Plates - Name plates depicting manufacturer’s name, serial numbers, etc., shall zot be
mounted on the control or display surface area of any equipment.

9.5.3.1.7 Locatioz and Oricntation Coding Design Requirements

Requirements for location and orientation coding are listed below.

a. Location and Orientation Designation - A system of location and orientation coding shall be
established for the purpose of designating and locating crew interface items. The system shall
be 50 designed as to permit & unilateral logical assignment of codes to items added or relocated.

b. Location Maps - A map of locatdon codes shall be provided at the entrances to a room or
sub-volume where the coding scheme is not obvious to the crewmember.,

c. Location Code:
1. All fixed crew interface items (e.g., equipment, control/display stations, stowage con-
tainers, connector panels, etc.) shall display a location code adjacent to the identificetion
marking.

2. Movable items that require a crew interface but are not stowed in & containment shall
display a location code on a fixed surface adjecent to the item.

L -
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d. Orientation Designation - When the orlcntation of the vehicle axes is significant to crew
operation: and is not obvious, axls designatars shall be displayed op appmpriate surfaces.

9.5.8.1.8 Operiuting Instruction Design Requirements

Requirements for the design and use of operating instructions are provided below.

a. Locaton - Operating instructions shall be located on or near equipment whose operation is
not obvious to a crewmember.

b. Completeness - Operating instructions shell be compiete enough to allow accurate task
performance,

¢. Equipment Name - The {nstructions shall have the & of the equipment to be operated
centered abuve the text (see Figure 9.5.3.1.8-1).

d. Grouping - Instructions shall be grouped and titied by category (e.g., installation, removal,
activatdon, calibretion, etc.) if appropriate. (See example in Figure 9.5.3.1.8-1),

e. Case - Instrucdonal text shall use upper and lower case letters (See Figure 9.5.3.1.8-1).

f. Title Selection - The titles of equipment, controls, displays, switch positions, and connectars
shall be listed in upper case letters only. Care shall be taken to ensure thzt all title nomencluture
is consistent with procedural handbooks and checklists,

g§. Required Tools - Instructions for removal of stowage {tems shall list the tools required, if eny,
prior to the instructional text. Markings shall be used to locate the fasteners to be removed if

clarification is required.

9.5.3.1.9 Stowage Container Labeling Design Requirements

Requirements for stowage container lateling are provided below.

a Purpose - Stowage containers shell he labeled 50 that items are easy to find and retum to
place.

b. Transparent - Where practical, coutainess shall be transparent, thus allowing identificatdon
of contents &t a glance,

c. Conients List - Each stowage container shall display a list of contents on its front surface
visible to the crewmember. Items shall be listed one per line and launch quantities noted if

greater than one,

d. Label Revision - Provisions shell be made to permit in-flight revisions to, or replacement of
stowage labels on all stowable containers.

e. Individual Crew Items - Items allocated to 2 specific crewmember shall be {dentified on the
listing with the user’s title, name, or other coding technique.
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OPERATION

1. Obtein note pad

2, Place specimen on tray

3. MASS/ON/TEMP

4. RESET - press

5. Control lever = RELEAST (hald until counter stope)
6. Control lever - LOCK

7. Log reading on note pad

6. Repeat measurement for total of 3

9. MASS/OFF/TE - QOFF

10, Control lever - LOCK (verify)

11. Remove specimen and log SMMD readouts on tag
12. Process gpecimen

13. If necessary clean tray and t.ie-3own
CALIBRATION

1. Obtain SPI food log

2. Measure tray teuwp (Mé87 Digital Thermometer)
3. Log reading

4. MASS/OFF/TEMP - MASS

5. RESET - press

{ 6. Ccntrol lever - RELEASE (hold until counter ..ops)

7. Control lever - LOCK

B. Log reading in Food L¢3

9. Repeat for a total of §
10. Calib. points 0, 50, 100, 150, 250, 350, 500,

750, 900, O

11. MASS/OQOFF/TEMP - OFF
12. Voice recosd data at any convenient time

Vé&i04

Reference: 1, Page 4.8-7

o

Figure 9.5.3.1.8-1 Opsrating Instructions
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f. Subdivided Containers: i.
1'

1. If a storage container is subdivided internally {ntc smaller closed containers, the sub-con- NE
tainers shall carry a list of contents. ;

2. If & subconrainer {5 open to view and its contencs are obvious, it i exempt from this ;:
requiremernt. '

3. If the available marking spsce on a sub-container is insufficient to display the complete
content Htles, a contents list shall be displayed elsewhere ar1 clearly identified as belonging )
to the sub-container.

4. The specific contents of each sub-container and its cede shall be listed on the front surface
of its container oz near it

-~
baAad

g. Similar Item Labeling - Containers with designated locations for placement of seveiel similar
items (e.g., sock 2t wrenches in a tool kit) shall have each location identified with the title of the
item stowad.

AT

©.5.3.1.10 Falled/Expendabie item Design Requirements
Requirements for the labeling of failed/expended items are provided below.

L G T v

W oIV

a. Failed Iteins - A method shall be provided for visually marking failed and expended items
(e.g., equipment controls, displays, counectors, etc.) to indicate their unusable stetus. Color-
coded labels with appropriate nomenclature (e.g., DO NOT USE) are preferred.

b. Discerdable Items - Items w be discarded after use shall display a unique msrking on te
item. Color-~oded labels with appropriate nomenclature (e.g., D'SCARD) are preferred, and
the methed of disposal shall be included when applicable.

B

-
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$.5.8.1.11 Contingency Lebels and Marking Deviees Design Regirements 'j
- N/A F
9.5.8.1.12 Grouped Coutrcls and Pispiays Design Requirements

Requirements for lateling of grouped conwrols and displays are provided below.

2. Group Identification - Functional groups of controls shall be clearly identified (e.g., by b
common color, by boundary lines.)

b. Labels of Functional Groups - Labels shall be used to identify functionally grouped conirols
and displays. Labels shall be located above the functional groups thev identify,

¢. Boundary Lines - When s line is used to enclose a functional group and define its boundaries,
the labels shall be centered at the top of the group, in a bresk in the line. The width of the line
shall not be greater than the stroke width of the letters,
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d. Related Controls - When controls and displays must be used together in cartain adjustments ' !
or activation tasks, appropriate labels shall indicate their functional relationships. Rt

9.5.3.1.18 Caution and Wearning Labeis Design Renuirements

Caution and waming labels are required for indicating potentially undesirable conditions.
Requirements are provided below.

4. Identification - Caution and warning labels shall identify the type of hazard and the action ’
that would prevent its occurrence,

b. Location - The caution markings shall be located in a position that permits sufficient
opporiunity for the crew to avoid the hazard.

¢ Immediate Action Controls - All controls, buttons, and small handles or levers requiring ”?
immediate access shall have their panel background colored in accordance with the applicable ‘E
sub-section of Section 9.5.3.2; large handles or levers shall be similarly colored on the handle -
or lever itself. %
d. Emergency-Use Items: ‘,f
1. Emergency-use items (e.g., repair kits, emergency lighting, fire extinguisher, etc.) shall :n
display a unique marking (EMERGENCY USE) surrounded by diagonal yellow and black #
stripes (see either on the item or adjacent to 1., f

:

U 2. Foritems located within a storage container, the diagonal striping sha'l be applied to the
door of the concainer and the titles of the emergency items shall be included on the marking
instead of the words EMERGENCY USE.

~ - e
.o

—

€. Warning Stripe Specification:

1. Warning stripes shall be alternate yellow 33538 and black 37038 per FED-STD-595a.
The black stripes shall have a width not less than 1.6 mm (0.065 in.) and the yellow stripes
shall be a: least two times the width of the black stripes.

N

. The striping shall be applied at 8 45 degree angle rotated clockwise from the vertical.

[+

. The striping shall begin and end with a yellow strip.

4. The striping around a switch or button shall not be wider than 25 mm (1 in) or less than
3 mm (0.125 in).

S. If one side of a switch or button has less than 3 mm (0.125 :n) space, no striping shall be
appliea .o that side,

f. Label Spedifications - Hazard identification labels shall us* a letter size and spacing large
enough to convey the waming (see Figure 9.5.3.1.13-1).
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— \ =€ {typ)

F {typ) —e
r {-E {typ)

WARNING

gl
L

CHAZADOUS EXPLOSIVE

!

CHARGE IS INSTALLED

A - Text or mingr ling of lartaring

B - Hasding ar marer line of {evternyg
C - Soacing between haading and taxt
0 - Spacing between iines of taxt

t - Bordar width

F — Beckground border

1/18 (typ) fos kebes
No radivs far merking

3 A
=1.25Atw A
»085AA

= 0.50A

_'{-F {tvai

L,

= 0.824

Refzrence: 1, poge 4.B-11

v A

Figure 9.5.3.1.13-1 Lerter Size and Specing for Caution g

and Warning Labeis

9.5.3.1.14 Alphanumeric Design Reguiremesnts

2.5.8.1.14.1 Yont Style Design Requirements - N/A

9.5.3.1.14.2 Punctuation Design Requircments
Requirements for punctuation marks used on labels are provided below.

a. Use - The use of punctuadon marks shall be kept to a minimum.

{ b. Pericds - Periods shall be omitted ezcept when needed to preclude misinterpretation.

c. Hyphens - Hyphens shall be aveided whenever possible.

d. Parentheses and Ampersands - Parentheses and ampersands shell not be used on the display
and control panel or other crew equipment.

e. Slashes - The slash (/) shall be used in place of the words to indicate multiple functions.
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2.5.3.1.14.8 Upper/Lower Case Design Requirements . i
Requirements for the use of upper and lower case lettering for lateling are provided below. ;

a. Abbreviations - Lower case letters shall be used in abbreviaticns or symbols ir which their
use i{s the commonly accepted practice (e.g., He, pH, Hg, etc.).

b. Operating Instructions - Equipment operating instructions shall use lower case for tezt and ;
upper case for the first letter of a sentence, headings, titles of equipment, and references to :
control/displey panel markings. '

9.5.8.1.14.4 Tides Design Reguirements
Panel titles, subtitles, and mode titles shall be spelled out when possible.

b ER

9.5.8.1.14.5 Special Character Design Requiremeants
Requirements far special characters are described below.

AT O Y T e TROT

B e v

a. Subscript and Superscrip: Size - Subscripts and superscripts shall be 0.6 to 0.7 times the
height of associated characters.

b. Subscripts - Numeric subscripts and upper case letter subscripts shall be centered on the ;
baseline of associated charzcters. '

¢. Lower Case Letter Subsiripts - The base of lower case letters and the o=Is of g, p, @ etc.,
shall be at the same levi as the base of adjacent capital letters.

O L TR T R Lmv

D led U

d. Degree Symbol - The degree symbol shall be centered on an imaginary line extended from ,
the top of the F or C symbols. 2

e. Pound or Number Symbo! (#) - The pound or number symbol shell be centered on an
imaginary line extended from the \op uf the assoclated numerzals and placed approximately two
stroke widths eway from them.

9.5.3.1.14.6 Character Height Design Requirements
Requirements for character height are presented below,

a. Character Height - Character height depends on viewing distance and luminance level. Ate
viewing distance of 710 mm (28 in) the height of letters and numerals shall be within the range
of values given in Figure 9.5.3.1,14.6-1.

b. Variable Distance - For a distance (D) other than 710 mm (28 in), multiply the values in
Figure 9.5.3.1.14.6-1 by D/710 mm (D/28 in.) to obtain the appropriate character height.
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Cheracter hagm
Markinga
35caml(1nd) | Above3.5cwme
ar baiow {1 R-L)
For tical makenge. with postion venahie
(0.9.. nummaralé on coumsrs and sexabis
or mowving Leaies): 58 mm 3-5mm
{0.20-0.31in.) 0.120.20in.)
For critical markings, with postion fxad
(e.g., humsrels on fixed sca'es, controls,
ang switch manungs, or emargery
NEUCNONS ) 4-8mm 2.5-5 mm
(0.16-0.31in.) {0.10-0.20 n.)
For nonemtical markings (a.g., identdicanan
labals, reutne mstructions, of markings
required only Yor iamilianzatan): 1.3-5mm 1.3-5mm
(0.05-0.20in.) (0.68-0.20 n)
O
N
>

Reference: 2. Page 121

Figure 9.5.3.1.14.6-1 Character Helght - 710 ma (28in) Viewing Distance

¢. Size Categories - Wiere feasible and appropriate, characters uted in labeling shell be
steduated in size. To determine character height, all nomenclature on a label may be divided
into three categories: diles, subdtles, and text. The nominal heights at a viewing distance of
710 mm (28 in) for each category shall be;

1. Titles, 5 mm (0.19 in).
2. Subtitles, 4 mm (0.16 in).
3. Text, 3 mm (0.12 in),

In general, when moving te the next larger character size, the character height shall increase
by approximately 25 percent.

d. Space Limitations - The use of the same size letters and sumerals for all categories on a label
is acceptaple for solving space limitation and darity problems. In thiy case, the height of
lettering and numerals shall be not less than 3 mm (0.1Z in).

9-68
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9.5.3.1.14.7 Caaracter Width Dezlgn Requirements

Pequirements for character width are given below.

a. Letters - The width of letters shall preferably be G.6 of the height, except the letics “T'whlcu
shall be one stroke in width, the letters *J" and "L" which shall be 0.5 of the h=ight, the letter
"M, which shall be 0.7 of the height, and the letter "W, which shall be 0.6 of the height.

b. Numerals - The width of numerals shall prefernbly be 0.6 of the height, exonpt for the numezal
"4", which shall be one stroke width wider and the numerel *1°, which shall le one stroke in
width,

¢. Wide Characters - Where conditions indicate the use of wider charecters, as on & curved
surface, the basic height-to-width ratio may be increased to 1:1.

9.5.3.1.14.8 Stroke Width Desigr Requirements

Requirements are listed below.

a. Height-to-Stroke Ratio - Marking letters and numerals shall have a height-to-stroke rato of
5:1to 8:1, depending ou the application.

b. Transilluminsted Background - Opaque markingz on a transilluminated lighted background
shall have & height-to-stroke ratio of 5:1 to 6:1,

¢. Transilluminated Markings - Tracsilluminated maskings on a dark background or markings
used on integrally lighted instruments shell have a heighs-to-stroke ratio of 7:1 to 8:1.

d. Generai Purpese Hiumination - Characters used on display perels and equipment when
viewed under gencral purpose flcod lighting or nommal daylight conditions shall have a
height-to-stoke ratio of 6:1 to 7:1.

$.5.3.1.14.9 Character Measurement Design Requirements

Requirements for determining character dimensions are presented below.

a. Measurement - All letiers and numeral messurement shall be made from the outside edges
of the stroke lines for other than machine engraving on opaque surfaces.

b. Engravings - For all mechanical engraving on opaque surfaces, the dimension controlling the
size of letters and numerals shall be measured from centerline to centerline of the stroke.

9.5.3.1.14.10 Spacing Design Requirements

Spacing requirements for text and numerals are given below.

a. Character Spacing - The spacing between letters within words and between digits in a
multi-digit number shall be the approzimate visual equivalent of one streke width between two
streight-sided letters such as H and L (This requirement is intended to eccommodate the normel
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commerrial typographical pracdee of spacing letters to achieve a consistent visual continuity.
This permits close spacing of open letters such &s C and T to avoid large apparent gaps).

b. Word Spacing - The spacing between words shall be the approximate visual equivaleat of the
letter W beiween two straight-sided letters such as N and F,

¢. Line Spacing:
1. The spacing between lines of related text shall be 0.5 of upper case letter heighc
2. Spacing between headings and text shall be 0.6 tu 1.0 of upper case letter height,

9.5.3.2 Coding Desigr Requirements

Tabd . -

i o e

Requirements for the implementation of various types of coding are presented below.

a. Genersl Coding Requirements:

1. Standerdization - The application of coding techniques shall be consistent within and
between systems.

2. Clutter - Coding shall only be used where useful, as excessive coding can have the negative
effect of adding to visual clutter.

3. Decrements - Coding shall not reduce legibility or increase transmissicn time.

4, Common Usage - Codes shall conform to conveational population stereotypes and general
user expectations when these exist,

5. When feasible, meaningful codes shall be used rather than srhitrary codes. For example,
use M for male and F for female rather than 1 for male and 2 for female.

b. Brightness Coding:

1. Brightness coding shall be employed to differentiate between an item of information and
adjacent informaticn.

2. No more than three levels of brightness shall be used. Esch level shall be separated from
the nearest by at least a 2:1 ratio.
c. Size Coding:

1. Symbols - Where size difference between symbols is employed, the major dimensions of
the larger shall be at least 150% of the major dimensions of the smaller with a maximum of
three size levels permitted.

2. Controls - No more than three different sizes of controls shall be used in coding controls

for discrimination by absolute size. Controls used for performing the same function on
different items or equipment shall be the same size.

970
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d. Pattern Coding - Pattern coding shall be used to differentiate areas of interest to the observer
(e.g., the normal, warning, and danger operating zones of a scale), and reduce operator eesrch
time.

e. Locaton Coding - Controls assocated with similar functions shall be in the same relative
location from panel to panel.

f. Shape Coding - Shape coding of conirols shall be used to impruve their identifiability through
both the visual and tactile senses. Requirements are listed below.

1. Ease of operation - The coded feature shall not interfere with ease of control manipulation.

2. Position and orientation independence - Shapes shall be identifiable and differentiable
by the hand regardless of the position and orfentation of the control knob or handle.

3. Mounting - Shape coded knobs and handles shall be positively and non-reversibly
attached to their shafts to preclude incorrect attachment when replacement is required.

g. Underlining, Bold Face, Italics - Coding techniques shall be used when it is necessary to direct

a reader’s attention to a particular element of cl~hanumeric text. These techniques shall include,
but not be limited to, underline, bold face type, and italics.

h. Flash Coding:

1. Use - The use of flashing lights shall be m/n'mized, and used only where immediate
attention is required.

2. Flash rate:
a) No more than 2 flash rates shall be used.
b) Where one rate is used, the rate shell be between 3 and 5 flashes per second.
¢) Where two rates are used, the second rate shall be less than 2 per second.
3. Duty cycle - Flashing lights shall have approximaiely equel amounts of ON and OFF tirce,

4. Simultaneous signals - Flashing lights which could be simultaneously active shall have
synchronized flashes.

5. Failure indication - If the indicator is energized and the flasher device fails, the light shall
illuminate and burn steadily.

i. Color Coding - Color identification numbers usad below are per FED-STD-595.

1. Color difference - Ouly one hue within a color category (e.g., reds, greens) shall be used
in & given coding scheme, and that color shall always be associeted with a single meaning.

2. Number of colors - No more than 9 colors, including white and black, shall be used in a
coding system.
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3. Ambient light:

a) Color coding shall be compatible with andcipated ambient lighting throughout the
mission.

b) Color-coding shall not be used as a primary identification medium if the spectrel
characteristics of ambient light during the mission, or the operetor’s adaptation to that
light, varies as the result of such factors as solar glare, filtration of light, and variation
from natural to artificial light.

4. Familiar cojor meaning - Color coordinates and color temperature which &re consistent

with common usage and existing standards with respect to application &re listed below, All

color coordinates for transilluminated iighting sre per CIE (Comrnission International del’
Eclarirage Coordinates Chart Chromaticity Diagram 1931). See Figure $.5.3.2-1 for
Chromatidty Diagram and Figure 9.5.3.2-Z for Relative Kelvin Temperature Equivalence,

a) Red #21105 - Emergency, warning, and master alarm lights; safety controls; critical
controls requiring rapid identification; emergency shutdown; control panel outline of
a functionally criticul emergency nature. Transilluminated devices shall have coor-
dinates of x=.633 (+/-.03) y=.255 (+/-.03).

(Note: Under ambient red lighting, use nrange-yellow and black striping.)

b) Yellow #33538 - Caudon; emergency exits; safety controls associated with emer-
gencies of a less critical nature. Transilluminated devices shall have coordinates of
x=.455 (+/-.03) y=.550 (+/.03].

c) Yellow #33538 with black #37038 stripe - Immediate access; exit reicases.

d) Orange #32246 - Hazardous moving parts; machinery; start switches, etc.

e) Green #14187 - Important and frequently operated controls having no urgent or
emergency implicadons. Transilluminated devices shall have coordinates of x=.155
(+/-.05) y=.750 (+/-.05). Alternatively, for transilluminated devices, a wave length
of 520nm is acceptable.

f) Green (Sage) #14260 - First aid and survival

g) Blue #25102 - Advisory (not recommended for gereral use),

h) Purple #37142 (magenta) - Radiation 1{azard.

) White - Advisory (for transilluminated devices only) - Transifltuminsted devices shall
have coordinates of 2=.360 (+/-.03 y=.360 (+/-.03).

5. Color deficiency - To avold confusion by color-defident observers, do not use the color

green if the color scheme uses more than six colors. If six or fewer colors inciuding green

#14260 and yellow are used, yellow #23655 shall be substituted for #33538. Rad #11302
and blue #15177 may also be used; however, do not use red and green within the same
complement.
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V6-459

Raferanco: 389, page 5-18

Figure §.5.3.2-2 Relative Kelvin Temperature
Eyuivalence (Shite Lightj

6. Placards - The preferred markings and background color for placards are listed below.
Markings _Background

White Black
Black Yellow
Black White
Yellow Blue
White Red
Blue Yellow

7. Zone markings - On indicators where zone markings are used to indicate various
operating conditions, the following requirernents shall apply.

a) Primary colors shall be limited to red, yellow, orange, and green consistent with
color selection criteria given above.
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b) Zone markings shall be applied and located in & manner that facllitates easy
removal,

c) Zone markings shall not interfere with the readiry, of quantitative markings.

d) When color is used to zone mark, the color shall be applied 5o that its meaning is
consistent across applications.

8. Color Contrast - An important factor to consider wwhen selecting colors {5 the contrast
between various colors. This is na. =ssary to enswuc that each color is easily discriminated
from the others. Although contrast is an important consideration, it should not be used
without regard to other important factors such as convention or standard. inherent meaning,
and consistency across displays.
a) The following color list shall be used to select colors that contrast maximally with
the color just preceding it and satisfactorily with the earlier colors in the list. Colors (1)

through (9) yield s isfactory contrast for red-green deficient as well as color - normal
crewmembers, The remaining 13 are useful only for color-normal crewmembers.

(1) White,

(2) Black

(3) Yellow.

(4) Purple.

(5) Orange.

(6) Light blue,

(7) Red.

(8) Buf.

(9) Gray.

(10) Green.

(11) Purplish pink.
(12) Blue.

(13) Yellowish pink.
(14) Violet.

(15) Orange-yellow.
(16) Purplish red.
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(17) Greenish yellow.,
(18) Reddish brown.
(19) Yellow-green.
(20) Yellowish brown.
(21) Reddish orange.
(22) OiZve green.

b) Color cuntrast shall be selected in conjunction with color conventions and standards, inherent

nieaning, and consistency across displays.
9.6 USER-COMFUTER INTERACTION
9.6.2 Iniroducton - N/A

9.6.2 Dzata Display

9.6.2.1 Design Considerations for Dats Display - N/A

9.6.2.2 Desige Requirements for Data Display

a. Stand Alone - In general, data displays shall convey enough information to allow the user to

interpret the data without referring to additional sources.

b. Shared Displays - If a single dicplay monitor is used to display different categuries of
information alterpately, none of the categories shall require continuous or concurrent monitor-

ing.
9.6.2.3 Text
9.6.2.3.1 Design Corsiderations for Text - N/A

9.6.2.3.2 Deslgn Requirements for Text
Text shall be presented using upper and lower case letters.

9.6.2.4 Tabies
6.6.2.4,3 Design Congiderations for Tables - N/A
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9.6.2.4.7% Deslgn Requirements for Tables

a. Titles - All tables shall have a concise, descriptive title. Titles shall have a consistent locadon
on tables,

b, Labels - Each group of dat in a table shall have a concise, descriptive, label that is separated
from other characters and can easily be identified as the label

c. Consistent Widths of Characters - The fonts and widths of numeric characters shall be
consistent within a table. Highlighting of numeric characters by means of italics or bolding shall
not change the w'dth of numeric characters. Differences in fonis and/or widtls of alphabedc
characters withiln a table shall not affect column or row size or spacing.

d. Grouping - All displayed data necessary to support a user activity or sequence of activities
shall be grouped together,

€\

M

9.6.2.4.3 Matrix Tables
9.6.2.4.3.1 Design Considerations for Metrix Tables - N/A

9.6.2.4.3.2 Design Requirements for Matrix Tables

AR

a. Use - Matrix tables shall be used to present row-column data.

b. Arrangement - Data in matrix tables shall be displayed in a left-to-right, top-to-bottom urray.
Alphanumeric daa shall be left justified; numeric data shall be arranged with decimal points
aligned vertically. (If a number docs not have a visible decimal point, the deciral point shall
o+ essured.)

¢. Column Order - Material most relevanc to the user or most frequently vsed shall be in the left
column and shall progress to che least relevant in the fer night column.

d. Labels - Labels for the row variables shall be located in the left-most column; labels for the
column variables shall be located in the top row. When & column extends over more then one
"page" verticully (i.e., the user has to scroll or rage to continue reading the col*™n), the same
column labe's shall be displayed from "page” tn "page®. Siml'arly, when a row extends over mnore
than one "page” horizontally (l.e., the user has to scroll or page to continue reading the row),
the sar- & row labels shall be displayed from "page” to "page”.

e. Readsbility - In tables with many rows or columns, & blank line, dots, or other distinctive
feature shall be inserted after every fifth row or column as appropriate to help maiatain onc's
place across columns or across rows.

f. Organization of Rows and Columns - When possible, rows and/or columns in a tahle shall
be arranged in a systematic order (e.g., chronologicaily, alphabeticzlly, sequentially, by meg-
nitude, by importance, or according to function).

g. Discriminable rows aad columns - Each culumn shell be discriminabl. from every other

column by means of a physical cue, such as sufficlent blank space or a line. Similaly, all rows
shall be discriminab'e frcm one another by means of physical cues.
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9.6.2.4.4 ¥unctional Ares Tables
9.6.2.4.4.1 DUesign Considerations for Punctional Ares Tables - N/A

9.6.2.4.4.2 Design Requirements for Fuc-donal Area Tables

a. Usz - A functional arca table shall be used w0 display related data that has a less regular
structure then a matrix, The data are organized into funcdonal groups, similar to a completed

data form.

L. Group size - Related data shall be displeyed {n groups which subtend five degrees cf visual
angle or less. The groups shall be visuslly distinct from one another.

c. Deasity - The ratio of flled display character spaces to the total number cf character spaces
shall not exceed 309 under nominal operating conditioas

9.6.2.5 Graphics
9.6.2.5.1 Desiga Considerations for Graphics - H/A

9.6.2.5.2 Design Requirements for Graphics

8. Use - Types of grephical displays include ionns, schemutics, data graphs, meps, flow charts,
and pictures. Grephical display. shall be used when they will convey information to the user
more clearly, effectively, or quickly than other forinsrs. Tor exainple, graphics may be used as

follows;

1. A stadstical data graph 1s appropriate when users need to monitor changing data, to scan
& data set or sets quickly, to compere muitiple sets of dats, or to sez tends in data.

2. A flowchart is appropriate when users need to follow a sequence of events thet involves
logical branching or to observe the temporal nrder of events.

3. Aschematic is appropriate when users need to identify both the elements of & system and
the spatial/temporal organizaton of those elemants.

4. A map is appropriete when us: : need to determine spatial relations between objects.

b. User control - The user shall have the ability to change various physical features of a graphic
o enhence his or her viewing capability, including enlarging and reducing the graphic or a
subsection thereof, increasing the amount of detafl (if additional detall is available, e.g,, in a
system schematic), and selecting different orientations or rcferencs points (espedally for maps

and schiematics).
¢ Simpliawy - Graphical displays shall maintein the visually simplest display consistent with
their function.
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d. Directing the User to the Important Date - A graphical display shell direct the user’s attention
to the critical data. For example, users will notice heavier lines before lighter ones; brighter
colors are detected before dim ones; larger bars ere detected before slender ones. Use cf these
rules of thurnb, as well as the use of coding technique-, will make for graphic displays that direct
the user’s sttention io the desired locadon.

e. ldentification of Graphic Displays - All graphic displays shall have unique, meaningful titles
by which users can identify and access the display.

f. identification of Elements in Graphics - All elements in graphic displas (including abjects
in a schematic, geographical lucations in a map, and axes in a data graph) shall be idenifieble
and discrtminebie by the user. The two most prominent techniques for providing cues for
identification are labeling and symbolc,

1. Labels shall be in close proximity to the object that they identify, but shall not obscure
the element.

2. In addition to cr in place of labels, symbolic coding (e.g., texture, coloz, or shape) shall
be used when appropriate to aid users in identifying elemcnts of graphical displays.
Symbolic codes shall be accompanied by legends that provide the symbol and its referent.

a7

TN -

b e B

2.6.2.6 Coding
9.6.2.6.1 Design Considerations for Coding - N/A

9.6.2.6.2 Design Requirements for Coding

a. Highlighting - Highlighting (display coding which serves cnly to call the user's attention to
a feature of a display) shall be used only for important information (e.g., out-of-limir conditions).
When conditions change and an item that was highlighted is no longer important (e.g., after an
out-of-limits condition has been currected), that item shall no longer be highlighted. The specific
nighlighting technique used (e.g., reverse video, brightness contrast, boldness contrast, undes-
lining, or blinking) shall not have a detrimental impact on the user's perception of the display.

b. Grouping - Coding shall be used to group functiorally similar informadion and to indicate
membership in a common group. Grouping allows users to perceive a large screen as consisting
of smaller identifiable pieces. Spatial distance and shape coding are particularly powertul
grouping techniques.

1. Grouping of information shall be eccomplished by spatial distance, shape coding, lines,
colcr coding or cther means consistent with the application.

2. Displays with high information density shall have en intermediate number of groups.
The preferred range {or nuscker of groups is 1940,

¢. Symbols - Coding by means of grapuic symbols, shapes, wr color shall be a key method used
10 communicate the specific meaning of an element of a display to a user. The choice of a
symbol shall not contradict highly overlcarned associations (e.g., the use of red as a symbol for
stop or danger and the use of an octagonal shape for stop).
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1. As & symbolic code, color shail be redundant with at least one other coding technique,

2. Users shell have access to the referent for every symbol

9,6.2.7 Windows
9.6.2.7.1 Design Considerations for Windows - N/A g

9.6.2.7.2 Design Regqulrements for Windows '

a. Perceptual Characteristics of Windows - Windows are subdivisions of displays {n which one
functionally-related set of information is displayed. Windows shall be perceptually distinct from
+2e rest of the display.

H
b. Types of Windows - Users shall be able to distinguish among different types of windows based ¢
on the perceptual characteristics of the window. Window types can be organized in s hierarclhiy "
besed on their function: Open vs. Closed windows, where the user has pereptual and funcdonal y
acezss only to the open window; Open windows can be Active or Inactive, where the active f
window contsins an on-going activity, either user-maintsined (e.g., a command language N
dialogue) or system-maintained (e.g., control of an ACRV subsystem by an expert system); i
Active windows can be an Interactive window (also kriown as the "listener”) or a Noninteractive §
window, where the Interactive window is the one in which user actions have their effect. ' 8
c. Window Titles - A brief, unique, and descriptive title shall be positioned 1 a consistent and §
highly visible location for each window. The user shall be able to use that title in accessing the v
window. %
d. Muldple Windows - When multiple windows are open simulcaneously, with the exception of 'g
caution & wamning information, the system shall not overwrite tiie active window(s). 1

" e -

9.6.2.8 Design Requirements fox Pormst
a. Consistency - Display formats shell be consistent within a system.

1. When appropriate for users, the same format shall be used for input and output.

2. Data entry formats shall match the source document formats when feasible and efficient
for user performance.

3. Recwrring data fields within a system shall have consistent nemes and shall have
consistent relative positions within displays.

b. Standardization - The content of displays within a system shall be presented in a consistent,
standardized manner.
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c. Information Density:
1. Information density shall be held to a minimum in displeys used for critical tagks.

2. A minimum of one character space shall be laft blank vertically above and below critieal
informatior, with a minimum of two character spaces left blank horizontally before and
after,

d. Selectable data display - Only data essential tc the user's needs shall be displayed. The system
shall permit the user to access any data at any time.

e. Readily Usable Porm - Data presented tc the user shall be {n a readily usable and readable
form such that the user does not have to transpose, compute, interpolate, or mentally transiate
into other units, number bases, or languages.

f. Order and Sequences - When data ficlds have a naturally-occurriig order (e.g., chronological),
such order shall be reflected in the format organization of the fields.

g. Extended Alphanumerics - When five or more alphanumeric characters withuut natural
organizaton are displayad, the characters shall be grouped in blocks of three to five characters,
separated by a minimum of one blank space or other separating character, such as a hyphen or
slash.

h. Comparative Date Zields - Data fields to be compared on a characier-by~<character basis shall
be adjacent. Relative position sh4!l maximize ease of comparison.

1. Labels and Title;

1. Each individual data group, message, or window shall contain a descriptive title, phrase,
word, or similar identifier to designate the content of the group or message.

2. Labels and dtles shall be located in a consistent fashion adjacent to their referent; the
relaton between the label o1 title and referent shall be clearly visible.

3. Labels and :iles shall be emphasized to facilitate user scanning and recognition. The
technique used for emphasis (e.g., highlighting, see Section 9.6.3.1.4.a) shall be easily
distinguishable from that used to highlight or cods emergency or critical messages. Labels
and dtles shall not be confusable with data.

4, The physical features and wording of labels and titles shall b designed to avoid confusion
as to whether the label is for a data entry field, @ control option, a guidance message, or
other displayed materials.

5. Labels and titles shall be unique to avoid confusions between labels.

6. When presenting a list of user optons, the label shall be descriptive of the contents of
the list and relevant to the task being performed by the user.
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j. ldentifying Location in Sequence of Displays - Cues shall be provided to the user to identity .
the currently displayed page and the total number of pages of 2 multiple page dizplay (e.g., in
a text file, the second page of a five page file might be labeled Page 2 of 5).

k. Abbreviations and Acronyrms:

1. Information shall be displayed in plain concise text wherever possible,

x4 -

2. Abbrevintions and acronyms shsll be standardized.

fu

3. Abbreviadons shall be distinctive to avoid confusion.

4. A single word shall have no more than one abbreviation.

b Iy S

5. No punctuation =liall be v ed in abbreviations. .
i
6. Definitions of all abbreviations, mnemonics, and codes shall be provided on-line at the 1 |
user's request, P
Dk
L Number System - When aumeric data are displayed or required, such data shall be in the
decimel number system by defuulc. Users shall have the ability to change the number system i
according to their task demands. ' i
9.6.2.9 Infermation Display Rate :
$.6.2.9.1 Deslgn Considerations for Information Display Rste - N/A [
'
A
9.6.2.9.2 Design Requirements for Information Dispiay Rate ;
a. Information Display Rate - The information displsy rate shall not exceed human perception, }
comprehension, or response capabilities. N
b. Update Rate:
1. The rate of update of information within a display shali be 4 function of both task
requirements and user capabilities,

2. The rate of update of information shall not exceed the user’s ability to perceive changes
l in values of parameters.

| 3. For slowly changing dats, the system shall aid the user in attending closely o the display
: and in eliminating the need for extended fixation of the display.

4. Itemns requiring dynamic visual acuity on a graphic displey shall not move faster than 60
degrees of visual angle per second, with 20 degrees per second preferred.
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¢ Display Freeze: i

1. A display freeze mode shall be provided to allow close scrutiny of any selscted display N
that is updated or advanced automstically by the system. ¢

2. Anoption shall be provided to allow the user to either resume the update of information :
from the point at which the display was frozen or.at the current real-time point. |

3. An gppiopriate lebal] or iconic symbaol shill be provided to indicatz o the user that the g
dispiay is in the freeze mode.

d. System Response Time - Whenever possible, the time for the system to respond to a user
commend or request shall not exceed 2 seconds.

e. Keystroke Echo Response Time - Whenever possible, keystroke echo response time shall not
exceed 0.1 second.

SELE Fah W RASSNOSAee - -
L L2

9.6.3 Real-Time Interaction i 3
9.6.3.1 User-Computer Dialogues 5 &:r
9.6.3.1.1 Deslgn Coneiderations for User-Computer Dialogues - N/A g
9.6.3.1.2 Design Requirements for Usez~-Computer Dialogues ’ 2;

( a. Dialogue Type - The choice of the type of dialogue between the user and computer (e.g.,
command language, mer.us, data forms, direct manipulation) shall be compatible with user
characteristics and task requirements. The human-computer dialogue for any task shall allow
users to execute commands in terms of the functions to be perforraed without concern for
internal computer data processing, storage, or retrieval mechanisms,

e _a.:.nx-rrgg-—_f_.-

=

b, Mulriple dialogues - To the greatest degree possible, users shall be able to input commands
to the syst2m vsing any of the avuilable dialogue types and shall be able to switch between
dialogue types within a task sequence.

)
-

¢. User Viewpoint - User-computer dialogue techniques shall reflect the user’s point of view such
that the commands are logically-related to the user’s conception of what is being done.

d. Feedback from commands:

1. When the completion of a commsand results in a consequence that is perceptible to e
user, the completion of the commanded action shall be the cnly necessary feedback.

2. Rather than simply rejecting the entry, the system shall permit users to correct errors in
commands, whezre feasible.
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3. When the completion of & command resulis in a consequence that s not vizible to the
user, the system shall provide explicit feedback to the user thst the commend was completed.
The feedback shall be in the form of a message tha: describes the actions that resulted from

the command in siriple, direct, positive language.

e. Arm-Fire Sequence for Critdcal Commeads - Users shall have to confirm that they want to
perform a critical, potentially hazardous, or poteatially destructive command (lacluding com-
mands that would dastroy stored data) befere the system will execute it. The confizmation
request from the sysican to the user shall be positive, simple, and direct. User actions to
enable/arm and execute such functions shall consist of two separate and distinct commands,
not repeat of a single command.

9.6.3.1.3 Command Language
9.6.3.1.3.1 Derign Considerations for Command Language - N/A

$.6.8.1.3.2 Design Requirements for Command Lasguage

& Use - All users shall always have access to the command language. Additionally, the command
language is especially well suited for

1. Tasks with an elaborate interaction between the user and system.
2. Highly trained, frequent system users.

b. Standardization - The functivnality, design, and operation of the commend language shall
be standard. The standardization of the language shall include the lexicon, semantics, and

SYDtEX.

¢ Command Langusge Terms - Te the greatest degree possible, the meaning of terms in the
cummand language shall correspond to English and be conveyed in a form guch that zdditional

resources are not required to iaterpret the message. The terms in the command language shall
describe actions, objecic, prepositions, and the attributes of actions or objacts.

d. Command Language Syntax - The structure of the command language shall resemble the
structure of English as closely as possible.

», Distinctiveness - Command language terms shall be perceptually end semantically distinct
from one another,

f. Punctuation - The command language shall contain a minimum of punctuation or other
special characters,

g. Truncation - The user shall be able to enter the full command name or the system-spedfic
truncated form. Truncated forms may consist of unique partial command terms, function keys,
and command keystrokes.

h. Command Area - Commands shall be entercd and displayed in a standard command area in
a consistent location on all displays.

O o0 g
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T

i. Alternative Constructions - If users input alternative syntax or synonymous commsand lan-
guage terms, the system shall aid the user in completing the command correctly.

9.6.3.1.4 Design Requirements for Command Keystrokes |

a Uses - Command keystrekes (l.e., the use of a limited number of keystrokes combined vrith

pressing a8 Command Key to access a command language term) shall be used primarily in cases o
where speed of command inputs is important. Other dialogue techriques shall be available, o
appropriate, ‘

PO P S

b. Consistency across applicatons - The structure and meaning of keyboard cominands shall
be consistent across applications.

-—

b2

|
9.6.3.1.5 Design Requiremerts for Functioa Kzys - N/A [‘
$.6.3.1.5 Menus i

$.6.3.1.6.1 Design Considerations for Menus - N/A

a. Menu Item Selection:

L6 ot p B o el ol 2o o e

|

{

1

9.6.3.1.6.2 Design Requirements for Meanus i
{

!

1. The user shall be able to select a menu item with minimal activity. {

—
63

2. When selection is to be accomplished by cursor placement on the to-be-selected item, the
system shall aid the user in cursor placement. For examnle, for a permanent menu, the
cursor would be piaced on the most likely option, usually the first posidon.

3. Where design constraints do not permit cursor placement, a standard input area shall be
provided for the user to key the selected option code.

TLATTIUT LXK D w

b. Presentaticn of Menu Items - Menu items shali be presented in a list format. Each menu
item, along with any associated information (e.g., selection codes and descriptors), shell be
displayed on a single line.

c. Organization of Menu Items - Menu iterns shall be organized in a logical order (e.g., similarity

of function, expected frequency of use, temporal ordering of the task). If no logicai basis exists
for ordering items, an alphabetical order shall be used.

d. Coding of Menu Items:

1. When users have the capability to select a menu item by means of a coded entry, the code
associated with the menu item shall be indicated on the display in close spatial proximity to
the menu item.

2. Codes used 10 select menu items shall be related to the menu item so tha. users do not
have to leam arbitrary codes.
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3. If menu items are selectable by means of keystrokes, the arrangement of the keyztrokes
and manu shall be cornpatible.

e. Selectable Items Discriminable From Nonselectable Items - Menu {tems that are available to
be selected by the user shall be visually different from menu items that are not aveilable in a

given application or step in a task.

f. Format Consistency - Menu formats shall be consistent throughsut the system.

g. Menu Avaflability - Menus shall be readily available to the user at all times.

h. Movement Through Menu Hierarchies:

1. The user shall have the capability to traverse menu hierarchies forward and backward.

2. If several levels of menu hierarchy are presented, the use: shall be able to move from one
level to any other level without having to step through multiple menu level

3. The system shall provide visual cues that indicate the path that the user has travelled
through a hierarchy of menus.

i. Feedback:

1. When a menu item is selected, an immediete indication that the intended item was
selected shall be given. This indicaticn shall not be confusable with other kinds of display

ooding.

2. When selection of a menu item results in & continuing condition (e.g., turning on & pump
which stays on until commanded to be shut off), a visual indication, clearly associated with
the specific menu item, shall be provided to the user during the time that the condition
continues.

j. Types of Menus - Menus shall be available either as permanent menus or us user-requested

menus (Cuser-requested menus' are menus which are present only when the user specifically
asks for them, e.g., pop-up or pull-down menus). The type of menu shall be a function of the

task requirements.

9.6.3.1.6.83 Permanent Menus

9.6.3.1.6.3.1 Design Considerations for Permenent Menus - N/A

9.6.3.1.6.3.2 Design Requirements for Peymenent Menus
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Permanent menus shall be used when:

a. The user needs to see the menu {tems throughout a task.

b. The user needs to examine every option in detail
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¢. The user does not have the ability to request that a menu be dispiayed (e.g., in the absence
of a pointing device).

d. The use of a user-requested menu would obscure information needed for a task.

9.6.3.1.6.4 User-Requested Menus

9.6.3.1.6.4.1 Design Considerations for User-Requested Mernus - N/A
$.6.3.1.6.4.2 Design Requirements for User-Requested Menus
a. Use - User-requested menus shall be used when:
1. Display space is limited.
2. Users need to see the menu items only when selecting them.

3. Information required by the user would not be obscured by the menu.

b. Menu design:

1. The height of a menu bar (used to permit the user to request a me  shall be sufficient
to conrain standard text characters which serve as the menu labels.

2. Menu labels on the menu bar shall be brief, descriptive of the contents of the meny,

physically separated irom other menu labels, and semantically distinctive from other meau
labels.

3. Menu bars shall be placed in & consistent location in all displays.

4. The organization of categaries across the menu bar shall be logical (e.g., according to
function or frequency of use).

c. Activadon - User-requested menus shall be displayed only after a single, specific acdon by
the user. After the menu option has been selected, the menu shall revert to its hidden state.

9.6.8.1.7 Direct Manipulation

9.6.5.1.7.1 Design Considerations for Direct Manipulation - N/A

9.56.3.1.7.2 Design Requirements for Direct Manipulation

a. Philosophy of Direct Manipulation - In the direct manipulation interfuce, the user shall be

able to manipulaie data structures or objects directly by physically interacting with their
graphical representation
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.

b. Features of Direct Manipulation - The direct manipulation interface shall have the following
characteristics:

1. The objects of interest have continuous graphical representations (e.g., &s icons and
windows).

2. The users accomplish functions by means of physical actions with the objects inst>ad of
by language-based commands. Two primary physical actions cre selecting an object and

moving an object.

3. Operatons are rapid, incremental, and reversible. The fmpact of an operation on the
object of interest is immediately visibla.

¢ Use - Direct manipulation shall be among the dialogue techniques used for tasks.

1. Users have different languages.
2. The task objects and actions lend themselves to iconic representation. |

3. Users are not highly practiced with the task.
9.6.8.1.7.8 Icons
¢.6.3.1.7.3.1 Design Considerations for Icons - N/A

9.6.3.1.7.8.2 Design Requirements for Icons
a. Icon Design :

1. The icon shall pictorially represent the object or action. (An icon is a pictorial, pic-
tographic, or other symbolic representation of a software object or an action by the system.
A us~r's direct manipulation cf the icon is equivalent to manipulating the software object or
executing the system action.)

2. Icons shall be identfiable and discriminable,

3. Icons that the user can se'ect shall be sufficdently large enough to minimize selection time
and errors.

4. Icons shall be simple, closed figures,

5. Icons shall be accompaniad by text lebels which correspond to the term from the
command language that describes the same object or action. The text label shall be clearly
associated with the icon without obscuring the visual representation.

i(

b. Consistency - Visual features, meanings, and spedfic uses of icons shall be consistent within

L
and among applications.
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¢ Peedback - Selecting an {con shall be acknowledged by highlighting the icon in such & way
that the icon is not visually obscured. The icon shall remain highlighted during the dme that it
is selected,

9.6.3.1.7.4 Design Requirements for Actions in the Direct Manipulation
Interface

a. Movement and Selecu.  Users zhall be able to move the pointing cursor to and select icons
by the use of any available cursor control deviee (e.g., X-Y controllers and arrow keys).

b. Opening - A user shall be able to "open"” a selected icon by a single unique action.

¢. Injtating a Process - Users shall be able to initiate the process related to an icon (e.g., opening
a file cr launching an application} in multiple ways: Opening the sclected icon; connecting an
object icon tc an action icon; or selecting an icon and entering a command, e.g., via the commrand
language, command keystrokes, or menu.

9.6.3.1.7.5 Interactions with Windows

$.6.3.1.7,5.1 Design Considerations for Interactions with Windows - N/A

9.6.3.1.7.5.2 Deslign Requirements for Interactions with Windows

a. Opening and Closing a Window - Users shall be able to open or close a window by direct
physical action on the windagw.

b. "Popping” Windows - In a layered windowing environment, users shall be able to move a
window in a stack o the prominent position iu the stack so that its contents are visible (known
as "popping” the window to the front).

9.6.3.1.8 Data Forms/Form Filling

9.6.5.1.8.1 Deeign Cons..erations for Data Forms/Form Filiing - N/A

9.6.3.1.8.2 Design Requirements for Date Forms/Form Fiiling

g
e T

e,

a. Use - The primary uses of data forins zhall be for data entry a1d computer command tasks
in which informadon needed by the user is displayed and the user has to complete a form.

b. Grouping - Displayed foras shall be arranged such that related items are grouped together,

c. Format and Content Consistency - If paper forms and computer-displayed forms a.e used in
concert in a data entry task, the format and content of ihe two types of forms shall be compatible,
within the constraints uf the task and the differences in information format,

d. Distinctivenass of Fields - Fields or groups of fields shall b separated by lines or other
delineadon cues. Required fields shall be distinguished from opi.onal fields.
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e. Field Labels - Field labels shall be distinctively presented such that they can be alstinguished
from both data entry fields and data entered by the user. Labels for data entry fields shal'
incorporate additional sueing of data format where the entry is made u; of mw.dple inputs [e.§.,

TIME (HH/MM/SS):{_/_/ ).

f. Cursor Placement - When the form is displayed, a dizplayed cursor shell be pastiioned by the
system &t the first data entry field to which the user hss to provide inp:t. The system shall
advance the cursor to the next data field when the user has comnleted eniry of the current feld.
The user shall also have the ability to mue the cursor to the next field, to the previous field, or,

independently, to any field or the form.
g. Acdons for Movement and Completion - Distinctly different actions shall be used for:
1. Movement of the cursor forward to the pext feld.
2. Movement backward to a previous field.
3. Placing the cursor in a nor..ontiguous field.
4. Indicadng that the input to the form is completed.

h. Entry Length Indication - The maximum acceptable leng:h for variable length fields shall be
indicated on that field. However, wren the item length is variable, the user shall not have to
remove unused underscores.

i. Overwriting - When data entry by overwriting a set of characters in a field is ueed, clear
designation of overwritten characters (e.g., by reverse video) shall be provided.

j. Dimensional Units - When a cousistent dimensional unit is used in a given entry field, the
dimensional unit chall be provided and displayed by the system.

k. User Omissions - When required data ertries have not bee.. input, the omission shall be
indicated to the user, and either immediate or delayed input of the missing items shall be
allowed. For delayed entry, the user shell be required to indicate to the system (e.g., by enteziag
a special symbol in the field) that the missing item is delayed, not overlooked.

L Non-Entry Arees - Non-entry (protecic ™ = _; of the display shall be designated. In ihe
absence of authorization of the user, thoss aress shall be made inaccessible.

m. Preve.at Entry of Inappropriate Characters - An attempt to enter an inappropriate character
into a field (e.g., entering an alphabetic character into a feld reserved for entry of numeric
characters) shall result in feedback from the system (e.g., an auditory signal and/or an error

message).

©.6.8.1.8.3 Design Requirements for Defauit Values for Data Forms

a. Default Values - Default values shall be used to reduce user workload. Currently defined
default values shall be displayed automatically in their appropriace data fields with the display
of a form.
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b. Default Modification - The user shall have the capability of changing default values and having
those modifications retained uy the system beyond that user interacton or session (Le., untl
changed by another specific user action).

¢. Defauit Substitution - The user shall be abl: to replace any defaul: velue during & given
transaction without changing the dcfault definiion.

d. User Confirmation - If required, user acveptance of stored data or defaults shall be possible
by a single confirming keystroke.

9.6.2.1.9 Question and Answer
9.6.2.1.9.1 Design Consideraticns for Question and Answer - N/A

9.6.3.1.9.2 Design Requirements for Question and Answer
a. Use - The uses {or question and answer dialogues sb '] include:

1. Highly constrained tasks in vhich each step of the tack sequence has few choices available,

2. Routine data or command entry tasks in which the user needs explict prompting.

b. Structure;

1. The system shall provide the er wi:h a specific request for information. A riestion
mark shall be the delimiter of the questicn from the system.

2. The system shall provide the user with contextual informetion (e.g., iruts of measurement
used in the answer) required for answering the question.

3. The area {n which the 1ser can enter the answer siall be - vided foliowing the question
as closely as possible.

4. The system shall accept as much information as is provided by the user. If the input by
the user is to be severely limited, a dats form shall be used.

5. The systemn shall display related questions (and their asscciated answers) & 'multaneously.
Unrelated questions (and their associated answers) shall be lisplayed separa-ely.

©.6.3.1.10 User-definable Macros - N/A

9.6.5.2 Design Requirements for Movement Within User Interfaces

a. Users ,hall be able to move the locus of their input or attenticn within a display by means of
a pointng cursor. A placeholding cursor shall be avajiable for location of placement in a dicplay
used for input of alphanumeric characters.
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e b. Users shall be able to move dispisyed information from the same data file by scrolling (Le., w
the continucus vertical or horizontal movement of displayed information). j
s ¢ Users shall be able to locate and r sve to specific information in & data file. |
e $.5.8.2.1 Design Requirements for Position Derignation (Cursor)
;‘4 a Contol - Systems employing cursors shall provide cursor control eapability consistent with ,
- user speed and accuracy requirements. )
o b. Locating - All cursors shall Lie distinctive against all backgrounds and shsll be easy to locaie N
e at eny position on a dispiay.
:ff, ¢. Tracking - The cursor shall be easy for the usz to irack as it is moved through the display. ;
f‘;.j d. Distracton - The cursor shall uot distract or tmpair the user during the search of the display »
Lo for information unrelated to the cussor. 3
[TE=! 13
‘5&5‘4 ‘
A e. Data Entry - An "enter” action for data items shall result in the entry of all appropriate items N
bl (e.g., all data input to a dara form or all text wiitten in a text file) regardiess of the placerent £
bt of the aursor. The user shall riot be required to move the cursor to any arbitrary position on the §
'{L?*ﬂ, displey (e.3., the top left or bottom right of the display). :
:
b f. Home Position - The home position for the cursor shall be consistent accoss similar types of £
b, displays. “
A ¥
o) g. Unique Shape - The shapes used for cursors shall be unique with respect to all other display g
= ’ structures. Cursors of different shapes -hall be used for different purpoces; the relation between "
U a cursor shape and function :hall be consistent acrass applications. 4
£ 3
T h. Types of Curso.. - Users shall have access w two functiorally different types of cursors - a :
% pointing curcor and a placehciding cursor, 3
N ;
s 9.£.8.2.1.1 Dealgn Requirements for Foiating Cursor
e a. Display Priorit, - The pointing cursor shall be avaflable (o the user &t ali times. The pointing
o cursor shall obscure other charactars unless this witld interfere with user perforrance,
< 6 b. Visual Characteristics:
“* 1. The pointing cursor shall not blink.
- 2. The pointing cursor shall maintain itz size and inisge quality across all screen and display
S locations.
4 g 2. To the greatest degree possible, the pointing cursor shall be completely graphic and shall
7.-; not contain a label.
. M&‘
J lc"}
[ 992
y 3
o )
o e - b .
R S SN : - i
. _? © S \'\‘;\ou‘f-{‘\;a ‘ LS u ﬁr A‘ s 67,..;??* u“‘*v{;,—*———* ”{g":“:d"y;‘*""_‘\'"\‘ T - »wr :x," ‘ :‘ ~ :m _r [ ,,‘:Aﬂ\ e r:.‘-‘; *A) ;é
N ALY R S L A - o L. :\)‘.*a\{"t___u , a B - ’,*A,“ ;;\ ‘\‘ ‘ k"‘. :w :_~‘:"3: <L Yo b . & < .



NASA-5TD-3000/VOL.VI

¢. Grass Movement:

1. The movement of the pointing cursor shall be systermatically related to the movement of
the cursor control device (e.g., a trackball, a joystick, & mouse, or cursor control keys).

2. The pointing cursor shall not move in the absence of input from the user.

3. The movernent of the pointing cursor shall appear to be smooth and continuous with
smooth and continuous movement of the cursor control device.

d. Fiue Positioning - When fine positioning accuracy is requirad, the displayed cursor shall
include an appropriate point designation feature (e.g., crosshairs).

9.6.3.2.1.2 Design Requirements for Placehaliding Cursor

a Non-Interference - The placekolding cursor shall not irterfere with the reading of the
character that it marks.

b. Number of Flaceholding Cursors - There shall be one and only one placsholding cursor in
each window in which a user is entering alphanumeric characters.

¢. Visual Characteristics:

1. The placeholding cursor shall assume the height or width of the »lphanumeric charecters
adjacent to it.

2. If the placeholder cursor blinks, the default blink rate shall be 3 Hz. A user-selectable
blink rate shall be within the range of 3 to 5 Hz.

9.6.3.2.2 Design Requiremeuts for Scrolling

a. Method of Scrolling - Usess shell be able tn scroll by only one method within an applics.don
- either by "moving text® (i.e., the information in the display appears to move over a fixed dicplay
winaow) or by “panning” (i.e., a window appears to move over a fixad display of irformation.
Panning shall be the preferred method.

b. Scroll Rate - The scroll rate shall allow the urer to scroll in an increment of a line end shall
provide the appearance of a smooth fow of text.

c. Direction of Scrolling - The direction that a user may be scrolling shall be evidert before the
user begins the scroll action (e.g., arrows might point in the direction that corresponds to the
direction that scrolling will occur).

d. Numbxring - Itemns continued on the next page (scrolled to) shall be numbered relative to
the last item on the previous page.

9.6.3.2.3 Design Requirements for Paging

2. User Control - Users shall have control over paging by use of any of several methods (e.g.,
dedicated paging function keys and a display-besed pagiug icon).

9-93
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b. Paging Increments - Users shall be eble to niove in increments of one or multiple pages.

¢ Page Numtering - Each page of a multiple page display shall be numbered to identify the
currently displayed page and the total numbez of pages.

d. Direction of Paging - The direction that & user may page shall be evident before the user
begins to page (e.g., separate, labeled function keys might be used for paging forward end paging
backward).
9.6.5.2.4 Design Requiremcnts for Searching
a. Objocts of Search - Users shall be able to search for and move to :
1. A specific line number. ’
2. A literal string of alphanumeric characters.
b. Multiple Occurrences - Users shsll be able to find multiple occurrences of a literal string.
9.6.3.2.5 Hypertext
9.6.8.2.5.1 Design Consideraticna for Hypertext - N/A

9.6.3.2.5.2 Design Requirements for Hypertext

a. Restricted Access to Authoring - Users shall only have access to authosing tools (L. ., tools
that allow users to create, modify, or delete the representsiion of informedon or inks between
information) if they need to have the power cof those teols. Users that only need 1o browse (Le.,
search through a database to obtain information contained in the nodes by following links
petween nodes), shall not have access to authoring tools.

h. Browsing Tools - Browsing tools shall generally use a question and answes diglogue,
$.6.3.83 Design Requirements for Manipulating Data - N/A

9.6.3.3.1 Editing
- 9.6.3.3.1.1 Design Considerations for Editdng - N/A

Lo Wt

9.€.8.8.1.2 Design Requirements for Editing

a. Use - Users shall be able to edit only selected data files (e.g., files that they create and files
specifically designated as read/write). Cciialn files shall be urnieditable by the user. Editable
files shall be clearly distinguishable from noneditable files.

b. Methods - For all editeble files, the user shall be able to edit text, tables, graphics, and any

other data b, means of any of scveral methods (2.8., command language commands, command
keystrokes, and menus).

9-94
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c. Consistency of Procedures - All editing procedures sksll be consistent in dialogue structure,
independen ¢f the type of information being edited.

d. Modilying Physical Features:

1. The user shall have the ability to change the physical characteristics of text (e.g., the font
type and size, italics, underlining, boldness, and capitalization).

2. The user shall have the ability to set and modify the tab position for user-modifiable text
files.

3. The user shall pe able to set and modify the margins for user-mndifiable text files.

e. Insert Mode vs. Overstrike Mode - By default, the text editor shall operate in insert mede.
Text shall be inserted moving to the right. However, the user shall be eble to select text to be
overstriken,

f. Selecting Data:
1. Users shall be able to select any editable data in any type of displayed data file (including
text, tabular, or graphical) for specific editing functicns (e.g., cutting, deletdon, copying)
with no more than two actions.
2. The selected data shell be visually distinct from non-selected data.
3. Users shall be able tc remove selected data from the selected state with a singie action.
g. Curting Dawm:

1. Users shall be gble to remove any editable daca from a displayed data file by means of &
Cut” capability.

2. After the data are removed, the text or tabular display shall be reconstituted without a
gep where the dsata were cut. Graphical displays shall be reconstituted with a gap where
the graphical data were removed.

3. Users shall be able to place data that was most recently cut at & sestricted location
in any data file. Certain locations may be restricted from insertion @ "1t (or copied) data
(e.g., menus or the system-originated pa:ts of data forms).

h. Copying Data - Users shall be able to copy asy editable data and replicate it at any unresicted
location in any ' te file,
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. Deleting Data - Users shall be able to delete previously-selected data by simple actinns
different from other editing functions (e.g., a dedicated "delete® command or function key).

1. Deletion of data shall be reversible for a limited period.

2. Deletion of critical data shall be protected by use of an "arm-fire" sequence, in which the
user has to acknowledge that the system should delete the data.

9.6.3.5.2 Saving
9.6.3.8.2.1 Design Considerations for Saving - N/A

$.6.2.3.2.2 Design Requirements for Saviag
a. Saving Data - The user shall have the ability to save data entered into an editable data file:
1. While continuing to interact with that file .

2. While simultaneously exiting from that file. Two different simple actions shall be used
for these two different types of zaving data.

b. Exiting a File - The user shall be able to exit a data file at any time without saving the changes
to the file.

- 9.6.3.4 Design Considerations for User Guidance - N/A

! 9.6.3.4.1 Design Requirements for Consistent Terminology

Consistent Terminology - On-line documentation, ofi-line dorumentation, and help instructions
shall use consistent terminology.

o

$.6.8.4.2 User Peedback
9.5.3.4.2.1 Derign Congiderations for User Feedback

©.6.3.4.2.2 Design Requirements for User Feedback

a. Use - Clear and concise feedback shall be provided to users as necessary to provide status
information throughcut the interaction.

) b. Function Status - Feedback shall indicate actual function status,
o c. Standby - If & system process (or processes) is time-consuming and causes the screen and

input devices to be locked out, a progress message shall be displayea and updated, if possible,
advising the user of the time remaining for the task or of the percentage of the task completed.
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d. Process Outcomme - When a control procass or sequeace is completed or aborted by the
system, positive indication shall be presented to the user concerring the outcome of the process
and the requirements for subsequent user action.

e. Input Confirmation - Confirmaton of user input shall occur without removing tite data
display.

f. Highlighted Option Selection - Highlighting of data, 8 message, & menu {tem, an {oon, or
other display structure shall be used as feedback by the system to ecknowledge that the user has
selected the it em.

g. User Input Rejection - If the system rejects a user’s input, feedbazk shall be provided to
indicate :

1. The reason for rj2crion.
2. The required corrective action.
3. Where appropriate, the location of the problem.

9.6.3.4.3 System Status Messages

9.6.3.4.3.1 Design Considerations for System Statusz AMessages - N/A

9.5.3.4.3.2 Deeign Requirements for System Status Messages

a. Operationsl Mode - The system shall inform the user of the current operational mode whea
the mode might affect the user's actions.

b. System Changes - The system shall inform usegs about system design or system operation
changes only in those aspects that may affect the user’s interaction with the system.

¢. Characterisdces of Status Messages:
1. Status messages shall be provided to the user in & consis. 2nt location cn the display.

2. The message shall contain only the information needed by the user, and conveyed to the
user in a form such that additional resources are rot required to interpret the message, e.g.:

a) A description of the system state.
b) Directives for user action.
¢) The consequences, if eny, of failing to follow the directives.

3. If the user will not be able to look «t a display, the message shall bz presented by means
of a voice production system and shall be repeatable.
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4, If the user needs ro be alerted that a status message is being displayed, status messages
shall be acccmpanied by a consistent avditory signal. The auditcry signal shall be redundant

with the linguistic message.

9.6.2.4.4 Design Requiremants for Error Handling

a. Error Correction - The system shall provide users with a simple and easy capability to correct
errors in input. Users shail be able to corvect individual errers in a command siring, sequence
of commands, or data file by replacing only the errcasous input without having tw re-enter
correct input

b. Early Detection - A capability shall be provided to facilitate detection and correction of errors
before they arc entered invo the system. In order to avoid disrupiing the user, error checking
shall occur at the earliest logical break in the user's command or data input (e.g., at the end of
a data field or the end of a comrnand).

c. Timing of Feedback - If a 1iser makes an incorrect commeand or data entry, the system shall
detect the error and notify the user within two sevonds from commeand or data entry.

d. Internal Softvware Checks - Urver errors shall be minimized by the usz of internal softwure
checks of user entries for the validity of the item, the sequence of entry, completeness of the
entry, and the "ange of the value.

e. Efror Message Content:

1. Error messages shall be informative, brief and conveyed to the user in a form such that
additional resources are not required to interpret the message.

2. The error message shall be selfcontained: The user shzll not have to refer to external
documents in order to interpre: the error message.

3. The error message shall be constructive and neutral in tone, avoiding phrases that suggest
a judgmen: of the user’s behavior.

4. To the greatest degree pocsible, the error message shail reflect the user'’s need fer
information and concept of the system, not those of the person who develops the message.

5. Error messages shall be appropriate to the user’s level of treining and shail be as specific
es passible to the user’s particular application.

6. Error messages shall explicitly provide as much diagnostic information and remedial
direction as can be inferred reliably from the errer condition.

f. Error Recovery and Process Change - The user shall be able to stop a process at any point in

a sequence as a result of an indicated error. The user shall be able to return easily to any step
in a multi-step process in order to nullify an error or to effect a desired change.
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g. Correction Ertry and Confimmation - When the user enters correction of en ezror, such
corrections shall be implemented only by an explicl action by the user (e.g., actuation of an
"Enter” key). All error correction by the user shall be acknowledged by the system, either by
indicating that a correct entry has been made or by another error message if an incorrect entry
has been made.

h. Spelling Errors:

1. Spelling and other common errars shail not produce valid system commends cr initiate
transactions different from those intended.

2. When possible, the system shall recognize, but not execute, common misspeliings of
commards. Computer-corrected commands, values, and spellings shall be displayed and
highlighted for user confirmation prior to execution.

i. Errors in Stacked Commands:

1. To prompt for corrections of an error in stacked commands, the system shall display the
stacked sequence with the error highlighted.

2. Where possible, a procedure shall be provided to correct the error and salvag= the stack,

Jj. Location of Error Messages - Error messages shall be placed on the display close o the point

of the esror and/or in a designated, consistent area of the display.

9.6.3.4.5 Prompts
2.6.8.4.5.1 Design Considerations for Prompts - N/A

9.6.3.4.5.2 Design Requirements for Prcmgts

a. Use - Where appropriate, prompts and he’ » instructions shall be used to explain commands,
error messages, system capabilities, display formats, procedures, and steps in a sequence,

b. Standard Display - The location of prompts for data or commands shall be at the location
of the desired input whenever possible. When the prompt cannot be placed at the location oi
the input, it shall be located in & standard messege area.

¢. Prompt Language:

1. Prompts shall be explicit, and the user shall not be required to memorize lengthy
sequences or refer to secondary written procedural references.

2. Prompis shell be conveyed to the user in & form such that additional resources are not

required to interpret the message. They shall not require reference to coding schemes,
external documentaton, or conventions which nay be unfamiliar to occasional users,
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9.6.8.4.5 On-Line Instruction

$.6.5.4.6.1 Design Conslderstions for On-Linc Instructions - N/A

9.6.3.4.6.2 DPesizn Requirements for On-Line Listruction

Acceess to On-Line Documentation - For instruction, users shall have access to on-line desumen-

tetion and descriptions of procedures.

9-603-4‘7 on'me He-!p

9.6.8.4.7.1 Design Considerstions for On-Line Help - N/A

9.6.2.4.7.2 Design Requirements for Cn-Line Help

,..i,i

a. Access to Help at Any Point in a Transaction - Users shall be able to access the Help function
at any point in their interaction with the system. Access of help shall be by any of several
methods, including:

1. Help provided automatically by the system when users make repeated frequent errors.

2. Input of a command language request for help.
3. Actuation of a "help” function key.

4. Selection of a help option in a menu.

b. System Response to Help Request - A help request from the user shall elicit a task specific
and context sensitive response from the system.

¢ Levels of Help - The Help function shal! provide information at a level of dctail that matches
the needs of the user. The uscr shall first receive summary information about the requested
topic, then can request for additionel detailed information in a specific subtopic or subtopics.

d. Definitions Availabie - A dictionary of abbreviations, acronyms, and codes shall be svaiiable
through the Help fusiction, where feasible, Definitions of allowable options and ranges of values
shall be displayed at the user's request where feasible.

e. Help about User Dialogues - At the user's request, the Help function shall provide the user
with basic informaticn about the semantics and =...ax of any available user dialogue. Basic
information shall include a structured listirg containing each command, the associated keystroke
commands and menu options, and the uses cr consaquencas of the command.

f. Language of Help Messages:

1. Help messages shall be explicit, end the user shall not be required to memorize lengthy
sequences or refer to secondary written procedural references.
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2. Help messages shall be conveyed to the user in a form such that additional resources are
not required to interpret the message.

3. Help messages shall not recuire reference to external documentation.
9.6.2.5 Design Requirements for Sequence Contrel
a. Hierarchical Process:

1. When hierarchical levels are usad to contral a process or saquence, the number of levels
in depth in the hierarchy shall be minimized.

2. Display and input formats shall be similar within levels, and the system shall indicate the
current positions within the sequence at all times,

3. Where it is appropriate for an experienced user to skip levels in a hierarchy, this capability
shall be built in.

b. Interrupt:

1. User interrupts, processing aborts, and processing resumptions shall be allowed by the
system. These actions shall not be modified by stored data.

2. The users shall be gble to leave the system and store thei. work so that, on reentry at a
later dste, they can resume where they left off.

9.6.4 User Input
9.6.4.1 Design Considerations for User Input - N/A

9.6.4.2 Deslgn Requiremesnts for User Input

a. Consistent Consequences of User Input - The consequences of any user input shall be
consistent:

1. For any individual user across time .
2. From user to user,

b. Relation of Input to Consequence - The consequences of the user’s input shall be both logically
) and temporally linked to the input action 50 that the user can leam to predict what will happen
A following the input action.

¢. Input via a Variety of Devices - System design shall not impose on the user the e of a

specific input device when other devices are available and appropriate. However, users shall
not be required to switch among multiple devices to perform the sam= function within & task.
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d. Computer Failure - In the event of computer failure, the program shall allow for orderly
shutdown and establishment of a check-point 50 restoration can be accomplished without

significant loss of computing performed to date.

0.6.4.3 Design Requirements for Data Entry Design

a. Learning - The requirement to learn mnenomics, codes, specisl or long sequencis, or special
instruction shall be minimized.

b. Abbreviatinns, Mnemonics, Codes, and Acronyms - When abbreviations, maemonics, codes,
or acronyms are used to shorten data entry, they shall be distinctive and have a reladonehip or
association to normal language or specific job related terminclogy.

¢ Length of Data Entries - The length cof individual data items that are past of a required data
input shall riot be longer than is practicable, (e.g., difficult to remember while t7ping or tedious
to edit).

d. Data Entry Pate - Data entry shall bc paced by the user, depending on the user's applicatior,
criticality of the operation, and attention span, rather than by the system.

e. System Acknowledgment of Data Entry - The syrtem shall provide a positive feedback to the
user indicating the acceptance or rejection of a data entry and shall indicate 0 tiie user processing
delays of more than 15 seconds.

f. Explicit Completion Action - Data entry shall require an explicit compledon action, such as
the depression of an ENTRY key after a string input.

g. Validation - Data entries shall be validated by the system for correct format, legal value, or
range of values. Where data is entered in sets with the same format and range of velues, the
entire data set shall be validated upon its completion.

h. Input Units - Data shall be entered in units which are familiar to the user.

i. Software-Available Data - The user shell not be required to enter data already avallable to
the software.

j. File Names - Names of files shall be distinctive and descriptive of the contents ~¢ the files to
aid in locating files and deterring accidental selaction or deletion of files whic 1 have similar
names.

k Originator Identification - For reference, the system shall automatically associate the
originator of & data file , text file, or message with the file's name.

9.6.4.4 Deslgn Requirements for Interactive Control

a. Simplicity - The relationship between data entry and displays shail be straightforward and
explicit. Data entry actions shall be simpie and direct.

b. Accidental Actuation - Provision shall be made to prevent accidental actuation of potendally
destructive contrul actions, including the possibility of accidental erasure or memory dump.
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-
R ¢. Compatibility with User Skill, User Tasks - Controls for data entry shall accommodate the
B lowest antcipated user skill level.
d. Availsbility of Information - Information necessary to select or enter a specific control action
: shall be available to the user v hen selection of that control action is appropriate.
“ e. Minimized Keying - The amount of keying required shall be minimized by using numbered
lists and abbreviations.
f, Physical Characteristics of Selectable Items - Selectable irems or regicas shall not be so large
‘° that they waste screen space or may not be percetved as selectable.
i: g. Multitasking/Multimonitor Considerations - In a multitasking environment with muitiple
- monitors, controllers, or cursors, the locaton of the active cursor shall be apparent to the user.

If there are two pointing curscrs — one on each of two monitors - the active cursor shall be
apparent to the user. If there is a single cursor that moves between two monitors, its path shall
be continuously trackable,

A "“’&,' g

) h. X and Y Outputs - The controller, with the exception of arrow keys or other discrete step
* keys, shall be able to produce any combination of x and y output values.

i. X-Y-Z Control Outputs - Any controller shall b able to produce any combination of z,y, and
z outpu: values. Output in esch of the three dimensions shall be discriminable from each other.

N
R IR AR

9-103

- -~ o - R

~
-, e e i ~rTN - -~
- — S s g e N .
B e - e e e TN - i e e P e e o e
R VS A Sy v e, - R : i M S LT T
o T - . -~ R . omSe, . Yo . -, . Lo ¥ - A e, a . L .
- - st v, o ST e T s ¢ Vol M I FY-. T T

. T, o AR

T




NASA-STD-3000/VOL.VI

10.0 ACTIVITY CENTERS

10.1 INTRCDUCTION - N/A

10.2 PERSCHRAL HYGIENE

10.2.1 Introduction - N/A

10.2.2 Personal Hyglere Design Considerations - N/A

10.2.3 Persongl Hygiere Design Requirements

10.3 BODY WASTE MANAGEMERNT FACILITIES

10.8.1 Introduction - N/A

10.3.2 Body Waste Msnagement Facliities Design Considerations - N/A
19.3.3 Body Waste Management Facilitieg Design Requiremenis
10.3.8.1 Defecaticn and Urination Facflities Design Requirements - N/A

10.3.8.2 Pacilides for Gther Waste Products Design Raquirements - N/A

10.3.3.3 Bedy Waste Managemernt Accommodations Design Requirements

L ne following are requirements for the design of rrew waste managcment.

u. Fecal Collection - Fecal coliection capabilities shall meet the following requirements:

1. The equipment shall provide crew interfaces to accommodate the collection of fecal solids,

liquids, gases, particulates, and associated consumable material (e.g., wipes).
2. Capacdity - The fecal collection equipment shall have the following capacity:

— r— e S

a) The average per person per 24 hour day amornt of fecal matter which the fecal
collection devices shall accommodate shall be 142 gm (5.0 oz) by weight and 142 ml
(8.51in ) by vnlume.

b) The capability to accouumodate a maximum of 1000 ml (61 in®) of disrrhea discharge
shall be providad.

¢) The fecal collcw.or shall sccommedate a maximum BOLUS length of 330 mm (13
in).

d) Quantities in excess of these amounts shall not result in an unresolvable corndition.

10-1
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3. Te devices shall capture, isolate, stabilize, and siore all wastes a i wipes genersted
during defecation.

s g

b. Urine Collectinn - Urine collection devices shall meet the following requirements.

1. The devices shall provide crew interfaces to acrommodate lquid capture anc splash
contol.

2. Capadty - The urine collection system shall heve the following capacity: "y

a) The urine co on devices shall accommodate 8 maximum urine outp.ut volume of
4000 ml (244 'n”) per person per day

b) The urine collection system shall be designed to accomraodate urinary up
tc 800 ml (49 {n”) in a single micturition at a delivery rate of 50 ml/sec (3 in°/sec). »

¢) Urine volumes in excess of these amounts shall not result in an unrecoverable
condidon

|
L
3. The devices shal' capture, isolate, stebilize, and store all was*es and wipes generated I-
during urination. |
j

¢. Othe Waste Product Acoommodations Readily accessit’s waste management provisions
shall be able to collec aiid contain vomitus and menses.

d. Sanitation - The defecation and urination acceramodations shall meet the following sanitation
requirements: b

1. The devices shall prevert cross contenination among the crewniembers.

2. The accommodctons shall not contyminsate other areas of the Assured Crew Retumn
Vehicle,

e, Privacy - Where practical visual privacy for winetion and A«=fecation shall be considered.

f. Capacicy - Sutficient urination and defecstion accommodations and capecity shall be ¥
provided to allow use by the crew within mission dme and schedule constraints.

8. Auatomical Accommudation Urination and defecation devices shall be provided to accom- '
modate the physiological differences of mele and female crewmemhears and the anatomical size il
range of the crew.

h. Handling of Feces and Urine - If a crewmember is required to handle urine or feces samples
for transfer to another area, the following requirements aprly: -

1. Crewmembers shall be protected from direct contact with waste material.
2. Waste material odors shall be controlled.

3. Methods shall be provided to preve.t escape of waste material into the environment.

10-2
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e 10.4 CREW (UARTERS - N/A
“ 1.5 GALLKY AND WARDROGM - N/A
e 10.6 MZETING FACILITY - N/A
7. 10.7 RECREATION FACILITY - N/A
e 10.8 MICRGGRAVITY COUNTERMEASURE FACILITY - N/A
- 10.2 ASSURED CREW RETU®N VEHICLE (ACRV) MEDICAL CAPARILITY -
. N/A
10.10 LAUNDRY FACILITY - N/A
J:, 1011 TRASH MANAGEMENT FACILITV
gf 10.11.1 Introduction - FI/A
u« 10.11.2 Trngh Management Focllity Design Considerations - N/A
s 3
. 10.11.8 Tivash Management Facllity Design Requirements
vq”‘ A trash recepiacle saal! be provided.
"""‘. i (
10.12 STOWAGE FACILITY
@
L 10.22.1 Intre’ .cton - N/A
f%' 10.1Z % Stowage Facllity Deeigr Considerations - N/A
ﬁw 10.12.83 Stowage Fadlity Deslign Requirements
- ! Tte 1wilowing are design requirements for the ACRYV stowage facilities:
’uf; a Location - The following are requi. 2ments for the 'ccation of stownge areas:
- 1. Proxirmity - Items shall be stored as close as possible to their point of use.
e
-ﬁ 2. Safery - Hazardous items shall be storer. sway “>m heat or ignition sources and away
i froin crew congregatiun areas.
p 3 Interference - Stowage iaciities shall not inter‘ere with Jormal oi emergercy crew
2, operations.
o
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b. Accessibility:
1. Stored items shall be accessible by the defined size range of the ACRV crew.
2. Removal of a stored item shall not require removal of another, unrela.ed {tem.

c. Labeling and Coding - Stowage locations and items shall be coded to allow for location,
replacement, or inventory of items. The coding system shall allow modification.

d. Hand Operation - Stowsge retainers shall be designed tc be operated by hand; no tools shall
be required.

e. Comumonality - Latching devices, containers, and container covers shall have desiga com-
monality to the maximum extent practical throughour all ACRV stowage fadlities with the Space
Station Freedom (SSF).

I. Inventory Management - The stowage facility shall be compatible with the SSF inventory
managculent system.

g. Retention Devices - Stowage items shall be secured within the container such that the item
remains in the container/enclosure when the container is opened. Removal of retention devices
shall not release other items which are not required.
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11.0 HARDWARE AND EQUIPMENT :"

I

N ‘ 11.1 ™NTRGDUCTION - K/A 5
. 1i.2 TOOLS

11.2.1 Introduction - N/A

11.2.2 Tool Design Considerations - N/A

11.2.8 Tool Design ¥ :quirements

11.2.3.1 Hand end T )l Integration Design Requirerzents - N/A

11.2.3.2 Tocl Commoneglity Desigr Requirements
ACRY tools shall be enmmon with Space Station Tocls for IVA and EVA maintenance,

ret Ty -

11.2.8.3 Tool Tcthering/ Retentior Design Requirements - R/A

o 11.2.2.4 Tool Stowege Design Requiremsents - N/A

TR e o T g e

11.2.3.5 Tool Labeling and Idestificetion Design Requirements - N/A

S 11.2.8.6 Tocl Access Design Requiremente

The following tool access volume and operational constraints requirements are applicable to both
IVA and EVA hardware design (refer to Figure 11.2.3.6-1 for IVA requirements and Paragraph
14.6.2.3 for EVA requirements);

T T e L

o a. Tool Head Clearance - When only tool access is required, a 2.5 cm (1 in.) clearance shall be L
o provided around the fastener or drive stud for insertion, actuation, and removel cf the drive end
T of the tool.

E 1l b. Too! Handle Clearance - A minimum of 7.6 cm (3 in.) shall be provided for clearance between
i a tool handle engaged on a fastener or drive stud and the nearest piece of hardware. The tool
'1 handle should be able to mairitain this dearance through a full 180 deg. swept envelope.

. c. Tool Head-to-Fastener Engegement Height - The tool socket/fastener head engagement height
h shall be < minimum of 0.7 cm (0.3 in.).

{ d. Tool Handle Offset - The maximum tnol offset between the tool handle and the tool head
;o shall be 35.5 cm (14 in.).

e. Access tor Tools - Minimum tool access clearance for hand too! actuation is siven in Figure
11.2.3.6-2.
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11.3 DRAWERS AND RACKS

11.8.1 Introduction - N/A

11.3.2 Drawer and Back Design Congiderations - N/A
11.8.8 Drawer snd Rack Desgign Requirements

11.2.3.1 Drawer and Rack Interfacing Requirements - N/A

11.28.3.2 Design Requ'rements Common o Both Stowage and BEquipment
Drawars

All stowage and equipment drawers shall be designed to provide the following features;

a. Latches/Handles/Operating Mechanisms - All latches, handles, and operating mechanisms
shall be designad to be easily latched/unlatched and opened/elosed with one hand by the entire

crewraember population without having to use any operating instructions.

b. Latch/Unlatch Status - The design shall be such that it is obvious when the drawer is not

fastened,/locked when in the closed position.

11.3.3.83 Stowsge Drawer Design Requirements
Stowage drawers shall be designed to meet the following requircments:

a. Restraint of Contenss ;

1. Drawer contents ghall be restrained in such a way that the items shall not float free when

the drawer is opened, or jam the drawer so it cannot be opened or closes.

2. Drawer coutents shall be restrained in such a way that the contents can be

remcved/replaced without using a toal.

b. Arrangement in Housing/Cabinet - Diawers shall be arranged within their housing/cabinet

such that the most frequendy accessed drawers are in the most accessible iocations.

¢ Access to Corntents - The contents of drawers shall be arranged such that the contents are

visible and accessible when the drawer is in the open position.

d. Identfication of Contents - In the stowed position, the coutent of drawers shall be identified

by labeling.
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Adjascant
gbstructions
] Tool handla
offss! Max.
’5em
{14 1n)
A - i [ = \Jf\ ~
/ /_,_4 ﬁ.\'_:;§ \_____L_— \
=2 .
~ ; -
~ S ‘,L ! - -
—
Min. —tro— Min,
2.5 ew 0.7em
(1) (0.3 m)
Toal haxd Tool haad
clearance engagemant
(Maasured from outer heght l
edge of fastener hoad) Min.
! 18 em
{3in)
Teal handls
Refersnce: 320 cisgrance

Note:

1. Alsoreferto Figure 11.23.6-2
2. Seax Figure 14.6.2.3.1 for EVA requirements

Figure 11.2.3.6-1

(Measured from fastansr
cantening 10 naarest
obstruction)

din. of 180 dey. clearance

Tool Access Requirements (1YA) 2
11-3
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Opaning drmensioni Task
| A'i A 117 mm (4.6 in) Using common screw-
. 1 B 107 mm (4.2 in) driver wih frescom
o 8 o turn hend tAraUGh
“ ) 180°
> 4
’ i
a A 133mm{3.2in) Using plisrs and
7y 8 116 mm{4.5in) umilas too!s
i
{
' A 158 mm (8.1 in) Using T-handle wrench
B 135mm (53 in) with {reedom to tum
wranch through 180°
: A 203 mm (8.0 in) Using cpsn-end wranch
8 135rmm (83in) wah resdoen 16 tum
- wrench through 82°
A 12Zmm (4.8 in) Lang Allen-type wrarch
8 165mm (8.1 im) with {resdom to ium
- wreneh thraugh B2°
<5
L
N ~
! Rafercnes: 1, Table 4.4-7 ™~
. 2
o Nots:
| {, Also refar te Fiours 12.2.1.2-1 for other
7 hand arcd AT pecets hols dimemionz
¢ 2. Alse refer to Figurs 11.2.3.6-1
g
Flgure 11.2.3.6-2 Minimal Clsarence for Tool-Oparated Fastenesrs
114
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11.3.3.4 Equipment Drawer Dcsign Requirements
Equipment drawers shall be designed to meet the following requirements:

a. Udlity Connections :

1. The udlity conneciions shall be desigiied to be easily disconnected/connacted when the
drawer is in the fully opened position.

2. If the utility connection is via a flexible umbilical, sufficient cable length shall be provided
such that the drawer can be fully opened without disconnecting the cables.

b. Equipment iayout on Rack :

1. Components shall be monnted in an ordesty array on a two-dimepsional surfece, rather
than stacked one on another (i.e., a lower layer shall not support an upper layer).

2. Items of the same or similar form, but having diff=rent functional properties, shall be
mountad with a standard orientation throughout the unit, but shall be readily identifiable
and distinguishable, and shall not be physi-ally interchangeable.

3. Delicate iters shall be located or guarded so that they will not be susceptible to damage
while the unit is being handled or maintained.

11.4 CLOSUKES AND CCVERS
11.4.1 Intreducdon - N/A

11.4.2 Closures and Covers Design Consideraticns - N/A
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11.4.3 Closures and Covers Desgign Requirements

Equipment housings (e.g., electrical bays, cabinets, lockers, and consoler) shall be designed to
provide closures and covers for inaccessible areas. The folle 7ing requirements shall apply:

a. Sealing - The inaccessible areas shell be sealed to prevent small items from drifting into them.
b. Removal - Closures shall be quickly and easily removed to allow maintenance of equipment.
¢ Seruring - It shall be obvious when a closure is not secured, even though it may be in place.
d. Loads - Nonstructurc_ ciosures should be capable of maintining closure and ¢f sustaining a
crew-imposed minimum design load of 451 N (125 [bf) and a minimum ultimate load of 632 N
(175 Ibf).

e. Instrurtions - If the method of opening a cover is not obvious from the constiuction of the

cover jtself, instructions (including applicable tool instructions) shail be permanently displayed
on the cutside of the cover.

11-5
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f. Clearance - Bulkheads, breckets, and cther units shell not interfere with removsl or opening
of covers.

g. Application - An access cover shall be provided whenever frequent maintenance operetions
would otherwise require removing the entire cas« or cover, or dismentling an item of equipment.

B ___‘A_‘_; ___.___r:k_ﬂé';‘

h. Self-Supparting Covers - All eccess covers that are not comp'etely removable shall be
self-suppordng in the open position.

i. Ventllation ScreenA 3 - Where ventilstion screens, holes, cr grids are uced, the ventilation )
surface ghall be accessibie for vacuuming in its inctalled pesition. ;

11.5 MOUNTING HARDWARE
11.5.1 Introduction - N/A (
11.6.2 Mounting Hardware Design Considerations - N/A
11.5.3 Mounting Hardware Design Requircments

11.5.3.1 General Mcunting Desige Reguirements
The following generel rectiirements apply to mounting hardware:

a. Equipment Mounting - Equipmert items shall be designed so that they cannot be mounted

&y
i

rad ki B Tl s S

kS

impropery. &
b. Drawers and Hinged Panels - Subsystem components which are frequently pulled out of their f
installed position for checkout shall be mounted on equipmant drawers or on hinged panels. *i

c. Layout - Compoaents shell be mounted so that a minimum amount of place-to-place hand r

movements will be required during operations.

d. Coverz or Panels - Removal of any replacesble item shall require cpening or remaving a
minimum number of covers or panels.

e. Installation/Removal Force - Hardware mounted into a capture-type receptacle that requires
a push-pull action shell require a force less than 156N (35 Ibf.) to install cr remove.

f. Rear Access - Equipment to whicn rear access {8 required shall be free to open or rotate to
their full distance travel and remain in the "open" position without being supported ty hand.

g. Tools - Whenever postible, items shall be replacesble with a common hand tool

h. Direction of Removal - Replacesble items shall be removable along a straight or slightly curved
iine, rather than through an angle.
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L. Visibility - All forward eds52s of the equipment ftem shall be visible to the restrained
crevwmember during alignment and attachment.

j. Spacing - Mounting bolts and fasteners shall be spaced far enough from other surfaces to
ellow personnel to manipulste them.

k. Number of Mouiting Bolts - Use the minimum number of fasterers, consistent with stress
and vibration raquirements, so that the crewmember’s workload is minimized.

1. Shims, Washers - Where shims or washers are permitted in an IVA application, the following
rules shall be followed:

1. Shims shall be bound together in a slu assembly.

2. ““im assemblies shall be tethered or restrained at the location or point of use and
identified as to location or point of use.

3. A similar requirement shall be observed for washers and uther loose items which are
auxiliary connector/fastener devices.

11.5.8.2 Alignmert Devices Design Requirements
The following alignment methods for replaceable hardware shall be used:

a. Alignment Marks - If pruper interface orientation is not obvious by virtue of external genmetry
or if adequate visibility cannot be provided for hardware that will be mournted on-orbit, the
hardware design shell incorporate alignment marks and/or oi_entation arrows.

1. Alignment marks shall be applied tc both mating parts and the marke shall align when
the parts are in the operational position.

2. An alignment mark shall consist of a straight line of a width and length appropriate to
the sixe of the item.

3. Alignment marks shall be dearly visible to a crewmember performing hardware
removal/replacement.

b. Alignment Devices - Guide pins cr their equivalent shall be provided to assist in alignment
of hardwere during mounting, particularly on modules that have integrated connectars.

¢. Keying - All replaceable hardware shali be designed so that it will be physically impossible
to install it in the wrong orientation.

d. Replaceable Hardware Identificution - Replaceable hardware shall be identified with
nomenclarure that aids the crewmember in identifying the hardware name, alignment of the
Lardwere, and the correct use of attaching parts.

11-7
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11.6 HANDLES AND GRASP AREAS (FOR PORTABLE ITEMS)
11.6.1 Iatrodtuction - N/A

11.6.2 Handle and Grasp Area Design Considerations - N/A
71.6.83 Mandl: end Grasp Ares Derign Requiremments

11.6.8.1 Generel Handle and Grasp Area Design Requirements
The following general requiremer ; shall be observed:

\vj'A,‘R~ <_: wr o

a Provide Handles - All removable or portable units shall be provided with bondles or other
suitable means for grisping, tethering, handling, and carrying.

b. _zempt Items - Items less than 0.03 m® (lfts)whoseformfac:ur(shape)pemmmemto
be handled easily shall be exempt from the above requirement.

¢. Lebeling of Nonhandling Areas - Built-in features that appear to be suitsble for grasp-
ing/tethering/restraining and are not suitable must be labeled to indicate that these features

are not suitable for these purposes.

11.6.3.2 Handle and Grasp Areu Location Design Requirerents
The following general location requirements of handles or grasp areas shall apply:

a. Interference - Handles and grasp areas shall be loczied so that they do not interfere with
equipment location or maintenance,

b. Clearance - Clearences shall be provided petweer. handles and obstructions consistent with
anthropometric requirements.

r. Tether Attachments - Handles and grasp areas shall be suitable as tether or bracket attachment
positions.

d. Location - The location of handles or grasp aress shall be such that they do not constitute
passagewsy hindrances or safety hazards. If they must be located in passageways they shall be
recessed and designed to minimize chance of crewmember injury or insdvertent contact.

2. Location/Front Access - Handles and grasp arees shall be placed on the accessible surface of
an item consistent with the removal direction.

11.6.8.3 Nonfixed Handiez Design Requirements
Hinged, foldout, or attachable (i.e., nonfixed) handles shell comply with the following:

a. Locked or Use Position - Nonfixed handles shall have a stop position foi hclding the handle
parpendicular to the surface or. which it is mounted.

11-8
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b. One-Handed Operation - Nonfixed handles shall be capable of being placed in the use position
by one hand and shall be capable of being removed or stowed with une hand.

c. Tactle or Visual Indicators - Attachable/removable handles shall incorporate tactile and/or
visual indication of locked/unlccked status.

11.5.5.4 Handle Dimengions Design Requirements

IVA handles for movable or portable units shall be designed in accordance with the minimum ap-
plicable dimensions {n Figure 11.6.3.4-1.

11.7 RESTRAINTS

11.7.1 Introduection - N/A

11.7.2 Personnel Kestraints |
11.7.2.1 Introduction - N/A :
11.7.2.2 Personnel Restraints Design Considerativns - N/A

11.7.2.8 Personnel Restraints Design Requirements

11.7.2.3.1 General Perscnnel Restraints Design Requiremen?s - N/A

11.7.2.8.2 Foot Restraint Design Requirements - N/A

11.7.2.3.3 REody Restraint Desizn Requirements

11.7.2.3.3.1 Body Restraint Deonning/Doffing Design Requirements - N/A

11.7.2.2.3.2 Body Restraint Loads Design Requirements
The following load requirements shall apply to seat belts, shoulder harmesses, and IVA tethers:

a. Seat Belts and Shoulder Haruesses - Seat belts and shoulder hamesces installed at stations
designated as occupied during landing shall be designed so the occcupant making proper use of
the equipment will not suffer serious injury when the yo'lowing impact forces acting separately
are impased on the rewmember, These requirements are given in Figure 5.3.3.3-1,

b. Body Harmnesses - Body hamesses shall have lifting attach points (D-ring) which ean be used
in lifting or hoisting the crewmember during egress operaticns in a une-g environment. The
body hamess shall be designed to support the load of the crewmember while beirz lifted or
hoisted. The body hamess can be designed to be an integral part of the seat belt and shoulder
hamness restraint system or be desizned as a separate harnesrs to be worn in addition to the seat
tolt and shoulder hamess restraint system.

11-9
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Dimansions in mm {in inches)
lllustration Type of handle {Bara hand)
X Y 2
Two-fingar bar 32 85 76
(1~-1/4) (2-172) (3)
One-hand bar 48 114 75
H_7m) (6—3/8) (3)
Two-hand bar 21% 76
(1—7/8) (8—1/2) (3)
T-tar 32 100 75
{1-172) {4} 13
J-ber 50 160 75
(2) (4) (3}
T wo-finper rec 33 32 85 78
(1-1/4) (2-1/2) (3
Ong-hand recess 2] 110 80
e (2) (4—1/4) (3-1/2)
>~
X
/\ 4 Fingsr-tip racess 18 - 13
PN a4 A%
4 One-fingat recess 32 - g0
== (1—-1/4) {2
Curveaire of handle Weight of Item Minimum awei7ater
of oy
{DOES NOT Usto8Bkg(uptn 1Eibs) D =& mm {(1/4 in) Grnpoine -~ . c s best
PRECLUDE 6BwHOKkg (160 20Ibs) DO=13mm (1200} it v ¢ round
USE OF OVAL 9.0 to 18 kg (20 .o 40 lis) D=18mm (3/4in) hand . Yy angie
HANDLES) Owor 18 kg (over 40 1ba) D= 28 mm (! tn) of 2/ < XM wmors
T-bar post T=13mm {172 in)
L

Referencs: 2, Figure 48, pag2 197

V6-18

Figure 11.6.3.4-1 Minimum IVA Handle Dii.iensions for IVA Applications
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¢. Tether Attachments - VA, tether attechments shall be capable of sustaining e lead of 756 N
(170 bf) elong the l=ngitudinal axis. They shall be desigried so as to preclude any side loading.

d. Artach Points for Tether Artachment - IVA translation and mobility handhold tether attach-

ment attach points sLall be designed to a mini.aum ultimate load of 1112 N (250 Ibf) in any
direction.

11.7.2.8.2.3 Sody Restraint Finish and Color Desigr Requirements
Marlings, labeling, and cclors shall be in accordance with Paragraph 9.5.

11.7.2.3.3.4 Body Restraint Dimensicnal Design Requiroments

The following dimensional requireinents snall apply to all seat belts, shoulder harnesses, and
tethers:

a. Commonality - Seat belts. sho'“cr restain,. waist restraints, and tether attachments shall
be uniform in size, shape, «=d method of op<re Zon within the limits of task performance and
other design tradeuffs.

b. Size - Task requiren ents for which the ait~ .iment is designed shall dictate the actual size of
the hooking and latch mechenicm.

11.7.3 Equipment Piistrairts
11.7.8.1 Introduction - N/A
11.7.5.2 Equipment Restraint Design Considerations - N/A

11.7.3.3 Equipment Restraint Design Regquirements
All IVA and EVA equipment restraints shall be designed to the following requirements:

a. Hand Operatad :

1. Equipment restraints shall be designed such that tools are not required to attach or 2ctach
the restraint.

2. Equipmeat restraints shall be designed such tha* they can be attached/detachen by either
the left or right hand.

b. Blind Operation - The equipment restraints shall be designed such that they can be at-
tached/detached without having to look a!. them.

¢. Adju_tability - Provide the capability to adjust the restraint to &dupt to a wide range of sizes
of the items to be restrained and to provide the user with the capability to restrain the item at
a preferred location relative to the restraint at.achment points, This doer not preclude fixed-
length tethers used for specific applicatiois.

11-11
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d. Pasitive Restraint - The restratut shall secure the item in such & way thst the item will not
cor== 'oote dve to inadvertent touching, air currents, vehicle dynamic motions, or du= to ¢ Jer
predictable environmental conditions.

e. Cause No Namage - The equipmeit restraint su il be designed such that §» cancot pineh,
abrade, or cut the ft2m 0 be restreined or the interfacing surfeces and adjaccat hardw.re.

f. No Adhestve Residue - Adhesive equiprient restraints shall not ieave an adhestve residue on
the {tem or on the spacecraft surface when the a. ' estve restraint is detached.

g. Tethers :

1, Common attachment methed - All equipment tethers chall use 28 common attachment
method.
2. Tether attachmeit poinis - All equipmens items that require tethering shell have a

standardized tether he ~ receptacle as au irtegral vait of the ivrm. This standardized
receptacle shell als/s be provided on the interfacing surface tn which the item i~ 1o be secured.

3. Tcther lock sta' us indication - The tether hook shall be desivned in such a vay that it wil!
be easy to recogr.i:: - Yien the hook is locked/unlocked in both day and night lighting

conditions.

h. Loads:

1. Minimum ioad - The minimum desir~ load shall be based cn the expected crew-imposed
and environmental loads to be applied to the item in the normal operating conditions.

2. Maximum load - The maximum design load shall be uased on the ~esultant load imposed
by & crewmember attempting to dislodge a restrained item that hes become entrapped in
adjacent hardware. The stress of this activity sholld not exceed the design inad of the surfaer
to which the restraint is attached ox the design load of th» cntrapping hardware (Le., the
restreint should break b-=fore the item, attachment surfece, of entrapping hardvsare breaks).

. Calor - Equipment restraints 5121 be of a standardized color to distinguish them Sem other
types of loose equipruent or items tha. will be restrained.

j. Commonality - Provide commonality of d=sign for equipment restraints to the maximun.
extent possible,

k. Individual Restraints :

1. Individual resty ¢ s shall be desigried to testrain one hardware item only.

2. Individusl restraints shall be used when the resiraineu item is iarge in size, sensitive, or
delicaiz or when attachments are difficult or complex in operation.

11-12
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L. Group Restraints :
1. Group restraints shall be used to restrain like-sized items wherever possible.
2. Group restraints shall provide a system that allows the removal of one item at a time.

m. Throw-Away Res.. 4ints - Any restreint device that is utilized during vehicle launch, and upon
activation or usage removal is discarded, shall meet the following requirements:

1. Large throw-away restraints shall bz designed to be torn apart or be of soft, crushsble
materels to accommodate the openings of onboard trash collection/disposal systems.

2. Tu- throw-away restraints shall be color coded as a throw-eway item.

n. Velczo - When Velcro is used as a restraint, the item to be restrained will be equipped with
hook-type Velero and the restraining surface will be equipped with pile-type Velcro.

11.8 MOBILITY AIDS

11.8.1 Iantroduction - N/A

11.8.2 Perscrnel Mobility Alds

11.£.2.1 Randheld ané Heandrzil Design Considerations - N/A

11.8.2.2 Handheld and Handreil Design Requirements

This section provides the design requirements for hancholds and handrails. These requirements
shall apply to both IVA and EVA applications ~vcepi where EVA-unique requirements are specifi-
cally identified.

11.8.2.2.1 Handhold end Handrall Dimensiors Dergign Requiremenits
All handholds and handrails shall adhere o aie following eross-section design requirements:

a. 5Stenderdization - Cross-sectional dimensions of iundiiolds and handrails shell be standardized
throughout the space module to provide & uniform inrerface for mounting items such as brackets
and tether hoaoks.

b. Cross-Section Shape - Handholds and handiails cross-section shape shall be designed such
that the crewmember’s hand or attached breckets will be stabilized (Le., dreular cross-section
shall not be used).

c. IVA Handhaold Minimum Dixnensions - All IVA handholds shall have & minimum of 14 em (5.5
in.) grip length and a minimum of 3.8 am (1.5 in.) dearance between the lower surface of the

handgrip and the surface on which it is mounted. (Reference Igure 11.8.2.2.1-1.)

11-13
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R : %

33 rln

(t5in)
19 mh
(0.7% in) min 28 ms

/?Eirﬂnln
¥¥omm

(8B in)
la/ min grip length

. Refsrence: 1 Flgure 4.1-5 page 41-2
. With Updatec

Figure 11.8.2.2.1-2 IYA Handhold
fOimensions

V§-23

11.8.2.2.2 Handhold and Handrail Coding Design Requirements
Handholds and handrail coding shall be such that the crew may Iocate them with ease:

a Standard Color - The color of all handholds/handrails shall be stendardized within the space
vehide,

b. Contrast Ratio - The color valve shall have a contrest ratio of 3:1 or greater with the
background.

¢. Distinguishing Color - The handhold/handrail shall be distinguishable from the surrounding
y area,
11.8.3.2.3 Handhold and Eandrail Firish Design Reguizements

Hendhold and handrail texture shall be such thet the crew may locate them by feel and grasp
them with ease:

a Idendeal Finish - The finich of all handholds/handrails shall be identical to echance identifics-
tior.

b. Safety - Hardholds and handrails chall have a smooth surfat= with no burrs, sharp edges, or
protrusions.

¢. Durability - The finish of all handhoelds and handrails shall be resistau. to scratches, wear,
flaking, and veeling.

11-14
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11.8.2.2.4 Handhold and Eandrail Design Loads Desgign Requiremenis

All fixed and porteble IVA handho!ds and handralls shall be designed to a minimum ultimate
ioad of 1113 N (259 Ibf) applied in any direction without failure or damage that precludes full
udlization by crewmembers.

11.8.2.2.5 Handksld and Handrail Temperzture Desiga Requirements -
N/A

11.8.2.2.6 Handhold and Handraill Mounting Design Requirements
The following requirements shall apply to all handhold end handrail mounting:

& Stability - All fixed and portable hardholds and handrails shall be designed so that when
installed there is no instability (i.e., locseness, vibration, or slippage).

b. Portable Handhold and Handrail Lock Status Indication - Portable handhold and handrails
shall provide a positive indication of w! ien they are in the locked pasition.

c. Visibility and Accessibility - Handholds and handrails shall be mounted ec that they are clearly
visible and accessible.

d. Handhold Removal - Fixed handholds shall be removable with common tools.
e. Safety - Handreuls and associated mounting provisions shall be designed so as to preclude
snagging of body, clothing, and/or loose equipment (e.g., cables). Loose equipment shall aot
interfere with the operation of the equipment.

11.8.3 Equipment Mobility Aids

1:.8.3.1 Bquipment Moblility Ald Design Consiiderations - N/A

11.8.8.2 Eguinment Mobility Ald Design Reguirements
The following equipment mobility and requirements are applicable to both IVA and EVA:

&. Maximum Movable Equipment Sizz - Equipment size shall he limited to the dimensions and
configuration of the smallest hatch or opening through which the equipment must pass.

b. Access - Design shall provide adaquate area around the mass for manipulation and vizibility.

c. Containers for Small Items - Containers chall be provided for simultaneous transfer of small
equipment items.

1. Single items shall be individually removsble
2 The cuntainer shall be easily artached to the crewmember and space module at the
worksite.
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d. Bump Protection - Bump protection shall be provided. Bump pretectors shall be designed so
they can be used as mobility aids.

11.9 FASTENERS
11.9.1 Introduction - N/A
11.9.2 Fastener Design Consideraticns - N/A

11.9.8 Fastener Design Requirements

This section provides the fastener design requirements. Paragraph 11.9.3.1 provides genersl fas-
tener design requirements. Paragraph 11.9.3.2 provides requirements that are applicable to
hand-actusted fasteners. Paragraph 11.9.3.3 provides requirements that pertain to tool-actuated
fasteners. Paragraph 11.9.3.4 provides the design requiremnents that pertain to IVZ fasteners.

11.9.8.1 General Fastener Design Requiremernts
This section provides the fastener design requirements that pertain to both IVA and EVA applica-
tions.

a. Commonality - The number and diversity of fasteners shall be minimized cornmensurate with
the structural requirements imposed by the physical environments.

b. Easily Distinguishable - Where different types of fasteners must be used, they shall be such
that they are readily distinguishable from esch other.

c. Hand-Actuated Fasteners Preferred - Hand-actuated fasteners shall be given preference over
tool-actuated fasteners, provided that size, location, and structural constraints are met.

d. Other Devices in Lieu of Fasteners - Optimum use shall be made of mochanical devices (e.g.,
hinges and tongue-and-slot catches) to miniinize the number of fasteners.

e. Captive Fasteners - All fastener components intended for crew interaction shail be captive.
All replaceable fasteners shall be amenable to loose parts control and a means of fastener
containment and/or restraint shall be incorporated in the fastenier removal/replacement syster.

f. Accessibility :

1. Location Near Comners - Fasteners shall be located far enough away from intermal comers,
wall edges, flanges, etc., that they can be manipulated with ease.

2. Separation - Fasteners shall be located far enough apart so there is adequate hand or tool
clearance.

3. Locaton MNear Adjacent Equipment - If a compornent is to be mounted near other pieces

of equipment, fasteners shall be located away from ihe edges o the adjacent equipment,
obstructions, or surfaces that will prevent the attachment of tools.
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4. Direct Access - Locate fasteners so that they can be actuated without removing other parts
g or units first.

5. Access Holes - Cuvers or shields through which mounting fasteners must pass for
attachment to the basic chassis of the unit shall have lae enough holes for passege of the
fastener without precise alignment (and tool/hand if tool/hand is required to replace).

g. One Handed Actuation - All fasteners sl all be designed to be actuated by one hand.

h. Engagement Status Indication - Incormrect engegement of fasteners shall be apparent.

i. Multiple Fasteners :

4 1. Number of Fasteners - When several fasteners are required, the design shall use the
minimum number of the largest size fasteners of identical type.

: 2. Arrangement - When several fasteners are used on one item, they shall be arranged so
2 that the unit can be assembled in only the correct manner,

; j. Sazty - Pasteners shall be designed so as to preciude infury to the crewmember when the
fastener is released.

k. Labeling - Appropriate markings shall be placed on fasteners that can be actuated by either
hand or toal .

( . L. Replacemnent - All fasteners shall be designed for on-orbit replacement.

11.9.8.2 Hand-Actuated Fastener Design Requirements

In addition to the general fastener design requirements given in Paragraph 11.9.3.1, IVA and
EVA hand-actuated fasteners shall be designed to the following requirements:

& One-Handed/Either-Hand Actuaticn - Hand-actuated fasteners shall be designed to be
actuated by one band and by either the left or right hand.

b. Designed for Launch and On-Orbit - Fasteners shall be designed tv meet the launch loads as
well as on-orbit loads.

c. Fastener Knobs - Fastener knobs shall be textured.
. d. Quick-Opening Fasteners - Quick-opening captive fasteners shall:

‘ 1. Require a maximum of one complete turn to operate (quarter-turn fasteners are
« preferved).

2. Require only ane hand to operate.
3. Be positive locking in open and closed pesition.

1117
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e. Locking Threaded Fasteners - Hand-actuated threaded fasteners shall have a locking feature
that provides an audible, tactile, or visual feedback to the crewmember. Such locking features
shall assure that threaded fasteners will not un-thread themselves without crew actuation.

f. Pin Pastepers (IVA) - Locking devices used in confunction with pin fasteners shall be made
accessible and easily visible.

g. Over-Center Letches ;

1. Non-self-latching - Over-center latches shall indtude & provision to prevent undesired
latch element realignment, interference, ar reengagement.

2. Latch lock - Whenever possible, latch catches shall be spring loaded to lock on contact,
rather than using a positive locking device. If positive locking is neceseary, provide a latch
loop and locking action.

3. Latch handles - If the latch has a handle, locate the latch release on, or near the hendle
$0 it can be operated with one hand.

h. Safety Wire - Safety wires shall not be used on fasteners.

Cl~:

11.9.8.3 Tool-Actuated Fastener Design Requirements

In addition to the general fastener design requirements given in Paragraph 11.9.3.1, IVA and
EVA tool-actuated fasteners shall meet the following desiga requirements:

[ (S

a. Nonstandard Tools - Fasteners requiring nonstandard tools shall not be used.

b. High-Torque Fasteners (IVA Only) - External hex or external double-hex fastener heads are
preferred and they shall be provided on all machine screws, bolts, or other fasteners requiring
more than 14 Nm (10 ft-Ibs) of torque. Internal wrenching fasteners shall be Allen-head-type
fasteners.

¢. Low-Torque Fasteners :
1, Hex-type internal grip head, hex-type external grip head, or combination-head (hex or
siaight-slot internal grip and hex-type external grip head) fasteners shall be used where
less than 14 Nm (10 fi-Ib) of torque is required.

2. Invernal-grip head fasteners shall be provided only where & straight or convex smooth
surface is required.

3. No straight-slot or Phillips-type internal grip fasteners shall be used.
d. Precision Torcuing - When possible, design equipment so that precise torque on fasteners is

not required. Where precise torque or preload iz vequired, use fasteners that incorporate
terque-indicating features or that will mate with appropriate on-board torquing tools.
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€. Torque Labeling - When fastener torquing to spacifications is required, ai instructions] label
shall be provided in reasonable proximity to the fasceners.

f. Number of Turns - When machine screws or bolts are required, the number of turns and the
emount of torque shall be no more than necessary to provide the required strength.

g. Fastener Head Length (IVA Only) - Fastener heads shall be as short &5 possible 50 they will
not snag personnel dothing or equipment.

h. Left-Hand Threads - Left-hand threads shall not be used unless system requirements demand
them; then identify both the bolts and nuts clearly by use of markings, shape, color, ete.

i. Locking - Threaded fasteners shall incorporate features that allow them to be locked 50 that
they will no: unthread without using a toal.

J. Hand Tool Operable - All fastencrs instelled with power tools shall be removable with &
hand-operated tool

11.9.8.4 IVA Fastencr Design Requirements

In addition to the festener design requirements given in Paragraphs 11.9.3.1 through 11.9.3.3,

all IVA fasteners shall meet the following requirements:

a. Fastener Lubrication - IVA fusteners thet require lubrication shall use an approved lubricant
or plating material

e T v —mmam

b. Cadmium Plating - Cadmium-plated A fasteners shall nat bz used.

¢ Wing-Head Fasteners - Wing-head IVA fasteners shall fold down and be retained flush with
surfaces so they will not snag personnel, dothing, or equipment.

d. Cotter Xeys :
1. Fit - Keys and pins shall fit snugly without requiring being driven in or out using a tool
2. Large heads - Cotter keys shall have large heads for easy removal by hand.
3. Cotter keys shall not be used EVA.

e. Access - Minimal requirements for access and/or clearance areas for tcol-actusated fasteners
thall be as shown in Figures 11.2.3.6-1 and -2,

f. Tool-Actuated Fastener Head Types - In eddition to the general tool-sctuated fastener design
requirements given in Paragraph 11.9.3.3, the foliowing IVA-specific tool-actuated fastener
selection requirements shall apply:

(NOTE: Special mission or program requirements may create the need to use other types of
fastener heads than those listed below.)
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1. Pastener heads directly exposed to crew impact shall meet the requirements for burrs,
edges, and sharp comners, or £hall be provided with protective covers or they shall be flush
with surface.

2. Fastener heads not dgirectly exposed to crew impact within hebitability and stowage areas
ghell be internal or external hex head.

g. Due to Potential toxicity/particulate contamination hazards assocdated with the use of

anti-sieze and positive locking compounds, designers should avoid the need for the use of such
chemicals, if at all possible.

11.10 CCNNECTOCRS
11.10.1 Introduction - N/A
11.10.2 Connector Design Considerations - N/A

- 11.10.3 Connector Design Requirements
~ All types of IVA and EVA connectors shall meet the following general requirements:

& One-Handed Operation - All connectors, whether operated by hand or tool, shall be designed
so they can be mated/demated using one hand.

b. Accessibility - It shall be possible to mate/demate or replace individual connectors without
having to remove or replace other connectors. Quick Disconnects (QDs) that are designed to
be operated under pressure will not require pressure/flow indicators.

11.10.3.1 Fluid Connectors Design Requirements
All IVA and EVA liquid and gas connectors shall be designed to meet the following requirements:

a. Fluid Line Connectors - All brazed or welded gas and liquid lines shall be provided with
convenient-to-use, permanently installed connectors that permit on-orbit maintenance.

b. Indication of Pressure Flow - All liquid and gas lines shail be provided with a positive
indication of the gas pressure/fluid flow to verify that the line is pessive before disconnection
of connectors. Quick Disconnects (QDs) that are designed to be operated under pressure will
not require pressure/flow indications.

¢. Fluid Loss - Liquid and gas connectors shall be designed to minimize escape or loss of fluids,
E particularly any toxic materials, during connect or disconnect operations.

11.10.3.2 Eiectrical Connectors Degign Requirements
All IVA and EVA electrical connectors shall comply with the following general requirements,
a. Ease of Disconnect - Electrical connector plugs shall require no more than one turn of
o disconnect or some other quick disconnect design shall be provided.
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b. Self-Locking - Electrical connector plugs shall provide a self-iocking safety catch,

c. Access - Electrical conncectors and cable installations shall be designed with sufficent
flexibility, iength, and protection to permit disconnection and reconnection without damage to
wiring or connectors.,

d. Arc Contzinment - Electrical connector plugs shall be designed to confine/isolate the
mate/demate electrical arcs or sparks.

e. Contact Orientation - All efforts shall be made tc arrange contacts within connectors such
that when the connectors are demated there will be no voltage potential an exposed male pins,

11.10.8.8 Structural Connectors Design Requirements
All IVA and EVA structural connectors shall meet the following requirements:

a. Alignment Provisions - All structural connectors shall incorporate alignment features.

b. Soft Latching - All structural connectors shall provide the capability to "soft-latch® prior to
full firm connection or full release.

& Lock Indication - All structural connectors will provide an indication of positive locking.

11.10.8.4 Optical Connectors Design Requirements

All fiber optic connectors shall be designed so that proper geometric alignment and abutment
maintains signal fidelity.

11.10.8.5 Connector Identification/Alignment Design Requirements

Connectors shall be selected, designed, and installed so they cannot be mismsted or cross-con-
nected. The following requirements are applicable:

a. Connector Shape - Use connectors that are clearly different and physically incompatible
when lines differ in content (ie., different woltages, liquids, gases).

b. Alignment Provisions:

1. Mating connectors shall be provided with aligning pins or equivalent devices to aid in
alignment and to preclude inserting in other than the desired orentadon.

2. If aligning pins are used on Electrical connectors, they shall extend beyond the plug’s
electrical pins to ensure that alignment iz obtained befors hz electrical pins engage.

¢. Keying

1. Symmetrical arrangement of aligning pins or keys shall be avoided to prevent connectors
from being mismated.
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2. The mechanicr) keys shall prevent incorrect eannection with other accessible connectors,
plugs, or receptacies.

d. Alignment marks:

1. Alignment marks shall be applied to mating parts if the proper interface orientation is
not obvious by virtue of geometry.

2. The marks shall consist of a straight line of a width and length appropriate to the size of
the {tems and shall be located 50 a8 o be easily seen by the crewmember both before and

after mating/demating operations.
e. Coding:

1. Both halves of mating connectors shall display a code or identifier unique to that
connection.

2. Labels or codes on connectors and associated items shall be located so they are visible
when connected or disconnected.

f. Pin ldentification - Each pin shall be clearly identified in each electrical plug and zach
electrical receptacle.

g. Orientation - Grouped plugs and receptacles shall be orfented 5o that the aligning pins or
equivalent devices are in the same relative position (i.e., all keyed connectors oriented the same
direction - key up).

h. Loose Hoses or Cables:

1. If the connectors on the ends of a locse electrical cable or fluid hose are not identical,
esch end shall be uniquely identified to prevent improper usage.

2. The loose ends of hoses and cables shall be restrained to prevent them from floating out
of reach and to avoid injury to crewmembers and damage to equipment.

11.10.3.6 Connecter Arrangemert Degigr Xeguirements

All types of IVA and EVA connectors shall comply with the following arrangement and spacing re-
quirements:

& Hand Access - Connertors shall be spaced far enough apart so that they can be grasped firmly
for connecting and disconnecting.

b. Adjacent Connectors or Obstructions - Space between a connector and acy edjecent obstruc-
tion shall be compatible with the size and shape of the plugs.

¢. Single F.ows - Connectors in a single row which require removal and replecement by the crew

(IVA) shall be a minimum of 25 mm (1 in.) apart (edge-to-edge) for hand access during
alignment and insertion. A separation of 41 mm (1.6 in.) is required for EVA and preferred for
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IVA. (See Figure 11.10.3.6-1).

d. Staggered Rows - Staggered rows of connectors shall be a minimum of 64 mm (2.5 in) apart
-IVA and EVA, (see Figure 11.10.3.6-2).

e. Touls-If a tool is used, the hand access clearance is still required to fedflitate initial alignment
by hand.

11.11 WINDOWS
11.11.1 Introduction - N/A
11.11.2 Window Design Considerations - N/A

11,11.3 Window Design Requirements

This section provides the design requirements for the optical characteristics, visuel protection,
and maintenance for windows to be utilized in the Assured Crew Return Vehicle. These require-
ments apply to test conditions prior to launch.

Single row

000

Raference: 1, Figure 3.6-5, page 3.8-9

V6-28

Figure 11.10.3.6-1 Preferred Spacing of Single
Row of Connec*ors
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Staggerad rows

rﬁ—T 84 mm (2.5 in)

L '

64 mm (2.5 in)

‘ O 0

84 mm (2.5 in)

D 0 0

Raoference: 1, Figure 3.6-8, page 3.6-5

Figure 11.10.3.6-2 Praferred Spacing of Staggersed
Rows of Connecturs
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11.11.8.1 General Viewing Window equirements

11.11.3.1.1 Window Size

Hatch windows shall b2 a minimum of 20.3 cm (8 in) diameter. Other windows (if required)
shall be sized appropriately to satisfy mission requirements.

11.11.8.1.2 Surfece Refiections

a. Windows shell be designed such that specular reflectance frorm each afr-glass iaterface shall
not exceed 1.5 percent for light incident on the surface.

b. When and-reflection coatings are applied to windows, they shall not cause resolution
degradation exceeding .007 mr (1.5 arc seconds).

11,11.3.1.83 Optical Characteristics

At completioui of manufacture, the window panes, with all accepted coatings shall meet the fol-
lowing optical requirements within the clear viewing area.

a. Deviation at any point on the window panes shall not exceed 1.4.5 mr (5 arc minutes).
Tempered window panes shall not excee 2.9 mr (10 arc minutes),

b. Distortion of all types of window ma-erials shall nct exceed a plane slope of 1:24.
c. Haze of the uncoated window pane for all thickness shall not be greater than 29.

d. Warp and Bow - All glass window panes shall not exhibit warp or bow greater than 0.030
icch per linear foot of the glass,

e. Surface Parallelism - The surface prrallelism between multipanes of window systems shall
not exceed 0.58 mr (2 arc minutes) fi om inner surface to outer s arface of the corw .lete assembly.

11.11.8.1.4 Optical Density

Each pane shall be manufactured so that when multipanes form a window group the following
transmittance shall be met.

a. Infrared - The optical density shali be greater than one for wavelengths between 850 and
1000 nanometers (less than 19). For wavelengths greater than 1000 nanometers, the
rransmyittance shall be less thar §9%.

b. Ultraviolet - The optical dersity shall be greater than three for wavelengths hetween 320 and
230 nanometers. The optics. density shall be greater than four for wavelengths between 190
and 280 nanometers.

¢. Visible - In the region be :ween 420 and 850 nanometers, the transmittance through a window
composite shall £+ be }=ss that 709. The transmissivity shsll not vary more than 25% for
incident angles betweer. the window surface and LOS's ranging from 30 to 60 degrees.
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11.11.3.1.6 Burface Qualhy

The surface of each window panc shall be such that digs shall not exceed 0.122 am (0.050 in-
ches) diameter and scratches shall not exceed 0.0015 em (0.0006 inch) deep. Chips shall not ex-
cead 0.078 cm (0.032 inch) in surface penetration and 0.04 cm (0.016 inch) in thickness.

11.11.8.1.6 Eubbles, Sceds
The maximum number of open sceds per surface shall not exceed three and shall not exceed
0.1225 cm (0.050 inch) in diameter. Open seeds shall be 57 2ed a minimum of two inches apart.

a. Size and Density - Seerls and bubbles shall not exceed 0.2 an (0.08 inch) in diameter or
exceed a total number of 5 per cubic inch.

b. Strise - Strize sha'l not exceed & diametex of 6.2 cm (0.080 inch) and cre limited to no more
than 2 per square inch.

¢. Inclusions - Inclusions shall not exceed 0.37 cm (0.15 inch) in diameter and more thau 1 per
cubic inch.

11.11.3.2 Scientific Window Degign Requirements - N/A

11.11.3.3 Visusl Frotection Design Requirements
Th> windo,, design snall meet the following requirements:

2. Sun Shields/Shades:

1. Sun shields- All viewing windows shall be provided with crew-operated, opaque sua
shields capable of restricting ali sunlight from entering the habitable compartments.

2. External sun shades r-rmsitioning - If externel shades are designed to cast a shadow over
a window, they shall be provided with & means to0 ' .2motely repositioned by the window
user.

b. Radiation Protection - The sun shade, whether internal or external, shall be cepable of
reflecting radiant energy awey from the window assembly.

11.11.8.4 Physieal Protection Design Requirements

Window design chall meet the following surface contamingtion ard breakage requirements
which are imposed to ensure that the windows can be used for the intended observation func-

tons and that the ACRV pressure integrity is maintained:

a. External Surface Contamination Protection - Window design shall take into account all
sources of exterpal wontamination and shall provide means for cleaning or replacing when
degradation exozeds optical transmissivity requirements.
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b. Between-Pane Contamination Protection - Window design shall take into account all sources
of contamination that can cccur between the transparency panes and shall provide a means for
preventing or minimizing optical degradation due to these contaminants.

c. Internel Surface Contamination Protection - Window design shall take into account all sources
of internal surface contamination and provide means for preventing ar minimizing optical
degradation due to these contaminants.

1. Antifogging - All innermost panes shall be designed for antifog protection such that breath
condensation does not occur from a mouth-to-pane distance of 10 cm (4 in.).

2. Inner Pane Coatings - The innermast pane shall have no coating: except for antireflective
coatings.

d. Impact Load Protection - The window assembly shall be eapable of withstanding a blunt
object impact load of 550 N (125 Ibf) from eny angie of incidence.

11.11.3.5 Window Maintenance Design Requirements

The following window maintenance requirements are imposed to minimize the crew workload
and prevent degradation of the cptical qualities of the window. Where surface scratching, pit-
ting, or staining cannot be nrevented by other means, provide removable window protective sur-
faces.

11.12 PACKAGING
11:12-1 Wud@n e N/A

11.12.2 Psckaging Design Considerations - N/A

11.12.3 Packaging Design Requirements
All IVA and EVA packaging shall meet the following dezign requirements:

a. Compatible With Stowage - All packaging form must conform to the stowage space available,

b. Compatible With Environments - All packaging must be able to resizt physical environment

exposure ' which it will be expasaed during ground handling, ground and air transportation and
launch, on-orbit and (if returnable) entry operaticns.

c. Compatible With Contents - All packaging must be able to resist the physical characteristics
of its contents for the maximum time duration for which the contents must be packaged.

d. Compatible With Trash Dispasal System - All non-reusable packaging must be compatible
with the trash collaction and disposal system.

e. Packaging Restraint - Provide means for physically atteching or restraining the package at
all locations where the package may have to be temporarily placea uuring use.
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f. Labeling - All peckages shall be clearty labeled as to their contents.

8. Inventary Control Compatibility - All packages shall be designed o incorporate the coding
features required by the inventory control system.

h. Base of Use:

1. All packaging shall be designed to be usable without extensive manipulation of the
packaging msterials.

2. All packaging chall be designed to provide efficleat and convenient means of opening
snd where necessary, closing/resealing thz packaga.

i Sizing - All packages shall be sized to te optimally suited for ease of handling and rate of
consumption.

j. Hezards:

1. Peckaging that incorparates pull-tabs, lids, and other easy opening fearures shall be
designed such that the crewmember will not be injured during normal use of the festure.

2 Packnging materials shall not introduce contaminants into the atmosphere.
k Loose Packaging Materials - Locse, void-filling meteriais shall not be used within & package.

L Mobflity Alds - Provide interfaces on the package for the attachment of equipment mobility
aids if necessary for the application.

11.13 CREW FERSONAL EQUIPMENT

11.14 CAELE MANAGERMENT

11.14.1 Introduction - N/A

11.14.2 Cable Mansgement Design Conslderations - N/A

11.14.2 Cable Munagemeni Design Reguirements
The foliowing ceble management design requirements shall apply:

a. Routing - Cables shall be routed so that they:
1. Cannot be pinched by doars, lids, or elides.
2. Will net be used as a anslation device in a microgravity environment.
3. WIll not be bent sharply when conpected or disconnected.
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4. Are accessible to the crewmember,

5. Do notinfringe into the operationsl envelope nar constitute a safety hazard (Le., sagging,
hooking, etc.).

b. Cable Clamps - Long conductors, bundles, or cables, shall be secured by means of clamps
unless they are contained in wiring ducts or cable retractors,

¢. Identification - Cables shall be labeled to indicate the equipment to which they belong and

the connectors with which they mate. All replaccable wires and cables shell be uniquely

identified with distinct number or color codes in accordance with Paragraph 9.5.3, Labeling and
Coding Design Requirements.

d. Location of Test ar Other Cables - If it is essential that test, experiment, cr other cables
terminate on control or display panel junction boxes or a crewmember, the receptacles and cable
routing shall be desigred such that the cables will not interfere with controls, dicplays, or the
aewmembers.

e. Coding - Cables containing individually insulated conductors with a common sheath shall be
coded.

f. Protection - Guards or other protection shall be provided for easity demaged canductors such
as waveguides, high-frequency cables, or insulated high-voltage cables.

8. Retention - The ends of cables which will be discennected frequently shall have retention
provisions.
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132.0 DESIGN FOR MAINTAINABILITY
12.1 INTRODUCTION - N/A
1Z.2 DESIGN FOR MAINTAINABILITY DESEGN CONSIDERATIONS - N/A

12.3 DESIGN FOR MAINTAINABILITY DESIGN REQUIBEMENTS

12.3.1 Equipment Design Requirements

All flight hardware and software shall be designed to facilitate on-orbit maintenance, check-out
and shall be compatibie with ground maintenance capabilities.

Equipment design shall minimize both maintenance complexity and time requirements for main-
tenance,

All equipment shall be compatible with the standard SSFP too] list. Maintenance sklls required
for ACRYV shall be compatibie with SSFP skills requirements.

Equipment design for maiutenance shall consider IVA as the prime resource, maintenance by
EVA shall be contingency only.

12.3.i.1 Gesneral Maintalnability Design Requirements
General requirements to be followed when designing for mainteinabiliiy are presented below.

a. Maintenance shall be considered only during ai_zched operetions.

b. Independence - Systems and subsystems shall be as functionslly, mechanically, electrically,
and electronically independant as practical to facilitate maintenance.

c. Maintenance Support Service: - Maintenance support servicss ( e.g., electrical outlets) shall

be aecessible at potential problem locations or at a designated maintenance location.

d. Hazardous Conditions - System design shall preclude the intreduction of hazardous condi-

tions during maintenance precedures.

e. Non-ri~cal Operations - Non<critical systems shall be designed to operate in degraded
modes v & awaiting mainteneuce. Degreded mode operation shall not cause additional

dam--= to the system or aggravaie the original fault.

f. Raedundancy Loss - Notificrtion of loss of operational redundancy shall be provided immedi-

ately to the crew.

g. Quick Relesse Fasteners - Quick release fasteners shall be used where consistent with other

requiremen {e.g., strengil, seeling).
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h. Restraints - Personinel and equipment mobflity aids and restreints shall be provided w suppart
maintenanece.

i. Soldering, Welding, and Brazing - Soldering, welding, brazing, and similar operations during
maintenance shall be considered.

12.3.1.2 Physical Accessibility Design Requirements

Design requirements for physical access to equipment for the purpose of maintainability are
provided below.

& Relative Accessibility - Items mest critical o system operation and which require rapid
maintensnce shall be most accessible. When relative criticality is not a factor, items requiring
most frequent access shsll be most accessible.

b. Access Dimensions - The minimum sizes for access openings for two hands, one hand, and
fingers are shown in Figure 12.3.1.2-1.

¢ Access - Acoess to inspect or replace an item (e.g., an GRU) shall not require removal of mare
than one access cov-r.

d. Mounted Components - When feasible, components shall be no more than one deep in a bay
or rack.

e. Shape - Accesses shall be designed to the shape that will enable the crewmember tc do his/her
job and not be limited only to conventional shapes.

f. Number of Accesses - Whenever possible, one large access shall be provided rather than a
number of small ones.

g§. Protective Edges - Protective edges or fillets shall be provided on accesses that might injure
crewmembers or their equipment.

h. Damage Inspection and Repair - Where fessible, the design of structures and equipment,
including their interfaces and all portions of the pressure shell, bulkheads, and seals shall be
accessible for damage inspection and repair. This shall apply to exterior as well as to interior
surfaces.

i. Use of Tools and Test Equipment - Check points, adjustrnent points, test points, cables,
connectors, and labels shall be accessible and visibl» during maintenance. Suffident space shall
be provided for the use of test equipment and other required toals without difficulty or harard.

j. Service Points for Fluid Systems - Service points for filling, dreining, end purging cr bleeding
shall be in accessitle locations.

k. Plug Connectors - Full access shall be provided to plug connectors.
L Cables :
1. Cable access - Cables shall be routed so as to be readily accessible for inspection and repair.
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2. Cable trays - Wire harness and fluid lines mounted ia cable trays shall be located for ready
access,

3. Cable loops - Panel, corsole, and rack-mounted components shall have slack cable lengths
or maintenance loops sufficient for removal of the connectors after the component has been
extracted from its installed location, unless adequate internal secess (physical and visuel) is
provided.

4. Cable Routing - Cables suull not be routed external to the face of the equipment rack

m. Fuses and Circuit Breakers - Puses and circuit breakers shall be regdily accessible for removal,
replacement arA resetting. The condition of fuses (good or blown) shall be readily discernable
without havin, :5 remove the fuse,

n. Structural Members - Structural components of units or chassis shall not prevent access to
or removal of equipment.

0. Fold-Out/Pull Out Drawers and Cabinets - Fold-Out/pull-out drawers and cabinets shall be
used where possible to provide ease of access.

p. Slide-Out Stops - Limit stops shall be provided on racks and drawers which are requirec to

be pulled out of their instelled positions for maintenance. The limit stop .'esign shall permit
convenient overriding of stops for unit removal.

g. Hazardous Conditions - If & hazardous condition exists behind an access, a safety indicator
shall be provided.

r. Covers - Where physical access is required, one of the following practices shall be followed,
with the order of preference as given.

1. Provide a sliding or hinged cap or door where debris, moisture, or other foreign materials
might otherwise create a problem.

2. Provide a quick-opening cover plate in a cap that will meet stress requirements.

s. Self-Supporting Covers - All access covers that are not completely removable shall be
self-supporting in the open position.

t. Rear Access - Sliding, rotating, or hinged equipment to which rear access is require. shall be
froe to open or rotate its full distance.

12.2.1.8 Visual Access Design Requirements

Requirements for visual access are provided below.

a. Visual Access - Where visual access only is required, the following practices shall be followed
with the order of preference as given.

1. Provide an opening with no cover except where this might degrade system performance.
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2. Provide a trensparent window if dirt, moisture, or other foreign materials might create
a problem.

3. Provide a quick-opening metsl cover if a trensparent cover will not meet stress or other
requirements.

b. Visual and Manual Access - If the crewmember has to be able tn see the task, design of the
access shall be large enough to allow simultaneous visual es well as phyzical access; otherwise
a separate window shall be provided for visual access to monitor task performance.

¢. Labeling:

1. Access labeling - Each equipment access shall be labeled to indicate items vislble or
accessible through it.

2. Visbility - Relevant labels and mounting instructions shall be visible during all main-
tenance ectivities.

3. Identification labels - Each access shall be labeled with & number, letter, or other symbol
which is di~ectly cross-referenced to the meintenance procedures.

4. Plug configuraton labels - When s plug-in device has to be inserted through a hole with
limited visual access, a label adjacent to the access shall indicate how the pins on the device
will align with the holes in the socl-e*

5. Component identification latels - Electrical cables, fluid lines, and other gubsystem
protective shields shall be labeled or otherwise coded to allow for positive identfication.

6. Hazard labels - Accesses shall be labeled with appropriate hazard labels, advising of any
hazard existing beyond the access and stating necessary precautiona.

7. Hinged cover labels - If instructions applying to a covered item are lettered on a hinged

deor, the lettering shall be criented to be read by the crewmember performing meiutenance
when :he docr is opened.

d. Fluid and Gas Line Connectors - Where feasible, fiuid and gas connectors shall be located
and configured so they can be inspected, and so that any leakage is obvious.

12.3.1.4 Removal, Replacement and Modulzarity Design Requirements
Design requiremernts for removal, replacement, and modularity are provided below.

a. Removal - Systems and subsystems shall be designed so that failed Orbital Replacement Units
(ORU's) can be removed without damaging or disturbing other components.

b. Surfece Removal - Replaceable units shall be designed for removal through the surface facing
the crewmember as he works on the equipment.
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¢ Independence - Where feasible, it shall not be necessary to remove or disable an operable
unit to obtain access to a defective replaceable unit,

d. Component Labeling - Each removable component and its position cn the unit shall be labeled
with corresponding numbers or other identification.

e. Isolation Valves - Subsystems that contain Hquids or high pressure gases (pressures exceeding
125 peia) and require maintenance shall be provided with isolation or disconnect vatves to permit
isolation and servicing and to aid in leak detection.

f. Spillage control - Replaceable units shall be designed to control spiilage and the release of
gases during removal or replacement.

g. Energized Units - Replaceable units and payloads which supply or receive cnergy shall be
designed so that the power can be removed before repair, removal, or replacement is atterpted.
If stored energy can pose a hazard, provisions shall be made for its dissipation prior to
maintenance.

h. Fastener Coatings - Paint and/or coatings shall not adversely affect removel or installation
of fasteners.

i Short Life Components - Easy replacement shall be provided for components that fail
frequently {e.g., lamps and fuscs).

J- Guide Pins - For mounting and replacement of replaceable units, guides and guide pins shall
be provided for alignment.

k Replacement Specificity - All replaceable items shall be designed sc that it will be physically
impossible to insert the unit incorrectly.

L Related Items - Items of the same or similar form which have different functional properties
shall be readily identifiable and distinguishable, and shall not be physically inteichangeable.
This indication shall be readily discernable with the component in its inswlled position.

m. Plug-In Installation - Plug-in type hardware installation and mounting techniques shall be
employed.

12.3.2 Testzbility Desige Requirements - N/A
12.3.2.1 Fault Detection and Iselation Design Requirements - N/A

12.3.2.2 Test Point Degign Requirements
Design requirements for test points are provided below.

a. Self-Checking - Appropriate test points shall be provided where a unit is not completely
self<checking.

b. Proximiwy - Test points shall be provided at ur near maintenance locations.

12-6
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c. Adjustment - Test points used in adjusting 2 unit shall be in physical and visus] proximity of
the controls and displays used in the instrument.

d. Labeling - Each test point shall be clearly labeled with a description of its function, or, at a
minimum, with a code number keyed to the maintenance manual.

e. Warning Labels - Test points shall be marked with appropriate warning labels when the
application of conventional test probes could cause damage to internal creuits (e.g., integraved
circuite} or injury to personnel.

f. Troubleshooting - Sufficient test points shall be provided so that it will not be necessary to
iemove sub-assemblies to accomplish troubleshooting/fault diagnosis.

g. Test Cable Termination - If it is essential that test cables terminate on control and display
panels, the panel test receptacles shall be loc.ted so that the test cables will not interfere with
controls and displays.

h. Laynut - Primary test points shall be grouped in a line or matrix that reflects the sequence of
tests to be performed.

i. Grouping - A control panel or a series of functionally autonomous panels shall be uzed tn
group test points whenever possible.

j. Testing and Servicing - Rear plug corinectors shall be accessible for testing and servicing except
wheie precluded by potting, sealing, or other requirements.
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13.0 FACILITY MANAGEMENT

13.1 INTRODUCTIOKN - N/A

13.2 HOUSEKEEPING

18.2.1 Introducticn - N/A

13.2.2 Housekeeping Design Considerations - N/A
13.2.8 Housekeeping Design Requirements

13.2.83.1 Genersal Housekeeping Design Requiremernts

All systems shall be designed to minimize the need for housekeeping. The fo.lowing gencral re-
quirements shall be observed:

a. Contamination Control During Ground Handling - The greatest practicable precautions shall
be taken to ensure freedom from debris and surface contamination within the ACRV and
individual systems and components during the ground operations from manufacture to launch.

b. Surface Materials - Materials used for exposed interior surfaces shall be selected to minimize
particulate and microbial contamination and be easy to clean (i.e., shall be smeoth, solid,
NONpOrous).

c. Grids and Uneven Surfaces - Grids and uneven surfaces shall either not be used or they shall
be easyv to remove and <asv to clean.

d. Cracks and Crevi ses - All interior structural surfaces and equipment shall be free of narrow
openings and crevices that can collect liquid or particulate matter or that require a speciai tool
for cleaning.

e. Closures - Closures shall be provided for any ares that cennot be easily cleaned.
13.2.3.2 Surface Cleaning Design Requirements - N/A

13.2.3.8 Vacuum Cleaning Design Requiremerts - N/A

13.2.3.4 Air Kliter Design Requirements

Filters used in the air revitalization system and air<coled equipment collect airborne debris and,
therefore, become an indirect but important elemment of the housekeeping system. Equipment fil-
ters shall be designed to provide the following housekeeping features:

a. Access - Air fiters (grids, screens, filter surfaces) shail be readily accessiole for cleaning and
replacement without disturbance of collected material.
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b, Conﬁgumdon-Nondkpos&bleakmtersshanbemnﬁgumdmaMWﬁmmbedmnedby
a vacuum cleaner attachment.

c. Filter Condition - The design of the air filter shall incorporate the means to inform the crew
of the overall condition of the filter (e.g., visual feedback, DELTA F sensor).
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14.0 EXTRAVEHICULAR ACTIVITY (EVA)

14.1 GENERAL EVA INFORMATION

14.1.1 General EVA Information _stroduction - N.'A
14.1.2 General EVA Design Considerations - N/A

i4.1.3 General EVA Safety Design Requirements

EVA crew safety shail be the paramount consideration {n all EVA tasks. Though no planned EVA
will occur during ACRYV operational activities, durirng quiescent periods Space Station cnewmembers
uiay have EVA requirements on or around the ACRV (periodic maintenance, for exarmple). Ap-
propriate safety provisions must be designed into ACRV to account for this Space Station EVA on or
around ACRYV.

The following EVA safety requirements are 1 compilation of general design features that shall
be included in systems to ensure the safety of the crew and space module equipment. The following
safety requ_ aments shall be followed to ensure the safe.y of the EV2 ~rewmembers:

a. Tempeiatures - Surface temperatures of space module componeuts requiring ‘TVA interface
shall be compatible with the touch-temperature limits of the pressure suit . $igr being used.

b. Edges and Protrusions - All space module equipment and structures requiring #a EVA interface
must either be designed to preclude sharp edges or protr_ions, or must be covered to protect
the crewnuember and the crewmember's critical support equipment.

¢. Haznrdous Equipraent - Potentially hazardous items that could injure EVA crewmembess or
damage EVA equipment by entrapment, snagging, tearing, puncturing, cutting, burning, or
abradmg shall be designed to ensure elimination of, or pretection from, the hazard.

d. Transmitters - Procedures shall be developed to protect cmewmembers during EVA approaches
that may result in harmful exposures to the non-iornizing rediation being emitted from all
high-powver electromagnetic EM wave trensmitters (tnicrowave, radar, laser, radio, UV/IR visible
larnps) on or in the space module with exterior antennas or external apertures.

c. Tethers - EVA crewmembers shall be safety tethered to the space module at all times in
microgravity, unless they are in a free-flying raaneuvering unit or otherwise suitably restrained.

f. Electrical Voliage - The EVA crewmember thall be protected against electric voltage shocks
from inadvertent grounding of electric circuits and from electrical discharge resulting from static
charge build-up.

14.2 EVA PHYSICLOGY

14.2.1 Intrcduction - N/A

14.2.2 EVA Pl -lelogicel Design Considerations - N/A

14-1
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14.2.3 R®VA Paysiological Design Requirements
This section includes design requirentents for the physiological aspents of EVA.

14.2 EVA ANTHROPOMETRY - N/A

14.4 EVA WORKSTATIONS AND RESTRAINTS

14.4.1 Tatroduction - N/A

14.4.2 EV/(. Workstation aind Restreint Design Considerations - N/A
14.4,.3 EVA Workstation and Restraiut Design Pequirements
14.4.3.1 EV Werk Envelope Design Raquirements - N/A

14.4.3.2 EVA Control and Dispiay Design Requiremants - N/A
14.4.3.5 EVA Workstetion Lighting Design Requirements - N/A

14.4.8.4 EVA Crew Restraint Deslgn Reguirements
The use and design of EVA crew restraints shall conform to the following requirements:

a. Force Exertion - Foot restraints shall be used for actuation or cperation of equipment whic
requires the crewmember to exert forces exceeding thase given in Figure 14.4.3.4-1. EVA waist
tether restraiut systen. may be used when actuatior: or operation of equipment does ot require
“ ~ces end Jurations greater chan those specified in Figure 14.4.3.4-1.

b. Foot Restraints - EVA foot restraints shall:

1. Be designed to permit easy insertion and removal of pressure suit boots by the crewmeam-

ber.

2. Accommodate all boot sizes without adjustment during use.

3. Require a deliberate action for removal of a boot.

4. Provide a contingency metwod for removal of a jammed boot from a foot restraint.

5. Provide the capability to © »7t w loads applied by the crewmerrber,
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c. EVA Safety Tethers and Safety Hooks - Tethers and tether hooks shall:

1. Have a handle that will fit the gloved hand of a space-suited crewmember, allow the
hook to be free for utilization, and have a minimum length of 9.5 cm (3.75 in.).

2. Have design features that indicate whether the latch lock is engaged or disengagsd, and
to indicate direction for engaging and disengaging the lock

- 3. Safety tether attachment hooks shall be removed and attachable by one-handed opera-
tion and employ a redundant lock feature such as push-to-open buttons that must be

operated to disengage or release a tether.

4. Provide a contingency method for remnoval of a snagged tether or release of a crewmem-
ber from a tether hook.

14.4.8.5 EVA Equipment Tether Design Requirernents
EVA equipment tethers shall be design to the following requirements:

a. One-Handed Operations - All EVA equipment tethers sb .U be designed such that tether
attachment and remcval methods permit one-handed operation using a pressure suit glove.

b. Common Attachment Point - All equipment tethess shall use a common attachment method.

Linear force Duration

® 4.4 N (1.0 Ibf) 4.5 rec
- 22.2 N (5.0 Ibf) 2.1 s
‘:: 44.5 N (10.0 Ib%) 1.4 e

Referencs: 253, page 5-8

Nots:
‘ The maximum distance through which forees may be
A applied is 81 om (24 in)

V6317

Figure 14.4.3.4-1 Maximum Forces and Durstion
Capable uf a Tethered but
Free-Floating EVA Crevwnember
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c. Tether Artachment Points - All equipmeny items shall be provided a standardived tether hook
receptacle which is an integral part of each item and is compatible with NASA equipment. This
standardized recepiacle shall also be provided on the interfadng surfece to which the item is to
be secured.

d. Tether Lock Status Indicator - The tether lock shall be designed in such a wuy that it will e
easy to recognize when the hook is locked/unlocked in both day end night lighting conditions.

145 EVA MOBILITY AND TRANSLATION
14.5.1 Introduction - N/A

14.5.2 RVA Mobility snd Translation Deslgn Conslderations - N/A
14.5.3 EVA Moblilty and Translation Design Reguirements

14.5.8.1 EVA Translation Route Design Requiremenis
EVA translation routes shall conform to the following requirements;

a. Equipment - All equipment located along EVA transladon routes shall be designed to
withstand rercated use as mobility aids, or the equipment shall be guarded or prosected. There
shall be no protrusions, comners, or sharp edges along EVA translation routes.

b. Translation and Mobility Aids :

1. Mobility aids shall b :zcated at terminal points and direction ciange poinis on established
crew translation paths.

2. Mobility aids shall be placed in all locations where equipment is not ave™-ble as a
substitute.

3. For EVA translation, mobility aids shall not be separated by mcre than $0 cm (36 in).
The preferred spacing is 60 an (24 in.).

c. Handholds:
1. The orientation of translation and mobility handholds shall be such that the body position
normally assumed to perform a task may be attained, and that normal bedy movernent may
be accommodated.

2. They shall alsc be oriented such that the plane formed by the handhold longitudinal axis
and the cross-section major axis is approximately parallel with the body torso frontal plane.

d. Danger Wamings:

1. Translation and mobility handholds Jocated within 30.5 cm (12 in) of flight equpment
shall be identified and color coded (regarding danger of injury to the crewmember due to
equipment failure).
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2. Zquipment located aiong translation routes thar could be damaged by a translating
crewmember shall be identified and color coded.

. Cross Section of the Translation Route - the dimension of the transletion route (s=e Figure
14.5.3.1-1) shall not be smaller than the dimension required for the EVA . ewmember to reverse
direction (EMU height + clearance). The exceptions to this are:

1. Corridors where access is possible from either side and the length is no more than twice
the length of the smallest EVA surted crewmember.

2. Comidors that have access from at least one end and are not longer than the shortest EVA
suited crewmember.

L f. Equipment Accessibility - Translation and mobility handholds shall be positioned such tha:
i crew-operated eguipment and consoles are accessible and are not obstructed visually or
< physicaliy by the handholds.

14.5.8.2 EVA Mobility Aids Design Requirements
e EVA hendhnlds/handrails shall conform to the following design requirements:

a. uimensions - EVA handhold and handrail dimensions shall conform to Figure 14.5.3.2-1.

b. Mounting Clearance - The minimum dearance distence between the low surface of the
handrail/handhold and the mounting surface is 5.7 am (2.25 in. ).

{ c. Specing for Translation - For EVA translation, handholds/handrails shall not be separated
i more than 92 ecm (36 in.). Maximum spaciug of 61 cm (24 in.) is preferred.

~: d. Spacing for Worksites - Handrails/handholds shall not exceed 45.8 cm (18 in.) above or
' below the shoulder or 51 an (24 in.) to the ieft or right of the body centerline whea working in
a foot-restrzint position.

e e. Safety Tether Artachment - EVA handrails/handholds will ecoommodate safety tether hooks
o at a spading not to exceed $0 cm (36 in) preferred 60 cm (24 in).

i
1 f. Color - EVA handholds/handrails shall minimize specular refiection and shall be a standard
] color throughout the space modules, be dearty visible, and have & high visual contrast with the
G background.

g. Temperature - Surface temperature of EVA handhnlds/handrails shall be compatible with
the touch-temperature limits required by the space suit glove.

e b

14.3.3.8 EVA Translstion Restraints Degign Requirements

Except for {ree flying maneuvering unit operation, EVA erewmembers in microgravity environ-
men's shall always be attached or otherwise restrained to the space moduie. Safety tether points
shal! be located as follows:

6 - Ty
"
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Figurs 14.5.2.1-1. Cross-Section of the EVA Transéation Routs
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= 3.10 om (1.22 in) min
381 om (1.50 in) max

r180cn

37
(13‘:1:;0.1 U(OJS in)

Section  A-A

Raference: 1, Figure &.1-8, page 41-3
100, Table i12-1 p-+~ E0

Kote: Dimansions ¢\- "15ca (¢/- (.80

V6-325

Figure 14.5.3.2-1 Standard EVA Handhold
Jlmeiizlon. ' Requirements

a. Translation Routes - No more than 90 cm (3€ ~.) between EVA translaticn aids, 60 cm (24
in.) preferred.

b. Direcdon Change - At either side of a directional change in equipment transfer or a distinct
hand-off point.

¢. Equipment Transfer Paths - At the extreme ends of equipment transfer paths.

d. Tethers and Tether Hooks - Translation route tethers and tether hooks shall conform to the
requirements in Paragraph 14.4.3.5, EVA Crew Restraint Design Requirements.
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