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FORWARD

This booklet provides basic, quantitative human engineering design require-
ments in pictorial, tabular, and graphical format. It is to be used as a small

oriable handbook reference for users of NASA-STD-3000, Volume L.

ince the primary purpose is to provide a portable reference, the principles,
exFlanatlpns, limitations, and aprllcat_lgn techniques associated with the
data are intenfionally omitied. In addition, while the headings for all require-
ments have been included, top-level requirements headings, the text for non-
s,?ecmc requirements and those requirements considered Inappropriate for
“niefd use” have been omitted, Accordingly, this abbreviated presentation
assumes that the user is familiar with the bases and limitations of the given
;ihata:j otr will consult applicable references to insure appropriate application of

e data.

Within the context of this handbook, “fleld use" is defined as the application
of human performance standards relative to space module features, environ-
ments, hardware, and software. The "fie/ld” includes but is not limited to
meetings, design reviews, crewstation reviews, sketch evaluations, software
architecture reviews, demonstrations, etc. The data contained herein
should be used to remind or point out aEpftcable standards or requirements
and aid in the inspection of environments, systems, and subsystems.

In general, this booklet is a digest of material appearing in NASA-STD-3000,
Volume |, The data herein is intended for field reference only. The user is
therefore referred to that document and its references for required supple-
mentary information.

Comments or suggestions regarding this Handbook can be forwarded to Mr.
John Jackson, Book Manager, Mail Code SP2, Johnson Space Center,
Houston, TX 77058

Copies of this document can be obtained from the Book Manager at
Johnson Space Center of from the CSERIAC Program Office,
2%2%5!—%32 2ER!."\C Bldg. 248, 2255 H Street, Wright-Patterson AFB, OH

This document is the result of the collaborative efforts of NASA, CSERIAC,
and CAMUS, Inc.
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ABOUT CSERIAC

The Crew System Ergonomics Information Analysis Center (CSERIAC) is
the central source for up-to-date human factors information and technolo-
gies. CSERIAC provides a variety of products and services to government,

industry, and academia premoting the use of ergonomics in the design of hu-

man-operated equipment and manned systems. On a cost recovery basis,

CSERIAC wilk:
0 Distribute erganomic technologies and publications.
G Perform customized bibliographic searches and reviews.
[ Prepare state-of-the-art reports and critical reviews.
0O Conduct specialized analyses and evaluations.
O Provide workshop administration support.

CSERIAC is a Department of Defense organization sponsared by the De-
fense Technical Information Center. It is managed by the Human Engineer-
ing Division of the Armstrong Laboratory, and operated by the University of
Dayton Research Institute.

To obtain further information, contact:

CSERIAC Program Office
AL/CFH/CSERIAC Bldg 248

2255 H Street

Wright-Patterson AFB OH 45433-7022
Phone: (513)255-4842

Fax: {513)255-4823
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Figure 3.2.3.1-1 Anthropometric Ghanges in Weightlessness
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Stature secular growth rate

{(per decade)
American male 1.0cm (0.4 in)
Japanese female 2.6cm (1.0in)

Figure 3.2.3.3-1 Assumed Secular Growth
Rate of Stature
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Range of mation {degreas)
Joint mavement Males (note z) Females (nota a)
Figuee fraie) Sthpercentle | 95th percentie 5th percentle 950 percentie

Wach, retation sight 713 28 749 1088

® Nedk, wiation left 43 991 T2 1090
Nack, flaxion s e 450 (79}

@ Neck, exteasicn B5.4 1630 649 103.8
Hack, kataral right 349 5 a0 632

© Neck, lateratlelt *5 =1 24 2
__@_“ Shoutder, abduction 172 1887 728 1929
Shouder, rolationat 83 96.7 518 £58

__Ci)_ 1 Shouidar, sotation med 905 1258 9.8 1309
Shovidar, lexion 1644 209 1520 270

@ Shaulder, extansion 96 83 337 9

@ | oo derion WS 1580 149 1653
Foraarm, prenation 8.2 6.1 823 1188

Foraarrm, supination 834 1254 804 05
Virst, radial 189 %7 181 %1

© Virist, ulnar 185 a4 215 80
“““““ Wrist, flexion 615 548 £33 8.1
Wrist, extension 401 el 423 747

Hip, Hexion 1185 1480 185 1450

¥ @1 Hiaboueton 268 55 72 55
@ | oe tevion 134 1466 1252 152
Anide, plantar 8.1 %8 442 9,

Ande, donsi 8 198 69 174

Nates: . Datawas tekan 1979 and 1980 at NASAJSC by Dr, Wiiam Thornton ang ohnJackson. The sludy was mada
using 192 males {mean age 33) 22 fomales (mean age 30) astronatd candidares (ses Retarence 355)
b, Limbrangais avarage of ight and 2R finb movarrar,

MSI5-340
1013

Fiaure 33.23.1) Joint Movement Ranges for Meles and Females
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Heck Rotation, Neck Extsssion [R), Neck Laterst Bend,
fight {4), Left (B3 Flexion [B) fight (A, Lelt B}

-]
¢
Mg
B
A
ZNL
3
Horizontad Adduction [N, = Shoulder Retation,
Horizontai Abduction {E) Lateral (A), Eodizl (8}

\
Shoulder Flexion {A}, pivs
Extension (8] fibaw Flexion [A),
Entension {B)

With Updates

Figure 3.3.2.3.5-1 Joirt Movemant Ranges for Males and Femates {Continued)
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Chap 3
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d . Hip Adduction {A},
Hip Flaxion e dor
A
2

Ankle Fantar Extension (A),
Knae Flexion, Prone Doni Floxion {B]

Figwe 33.2.3.1-1 Joint Moventent Ranges for Males and Females (Continued)
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¥ (£ 4%)
126° (* 109

174% (£ 7%)

Note:

The segment angles shown are means. Values in parentheses are
standard deviations about the mean. The data was developed in
Skylab and is based on the measurement of 3 subjects.

Figure 3.3.4.3-1 Neutral Body Posture
MSIS 285
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4.9.3 Strength Design Requirements

Strength data that shall be used to guide design work are provided below. The
\évetaléest crew member in the specified design population shall be accommo-
ated.

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

a.

NASA-STD-300/VOL.III

Grip Force:

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

2. Maximum grip strength for men (Sth, 50th, and 95th percentile) is given
in Figure 49.3-2.

3. Grip strength for females is shown in Figure 4.9.3-3.

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

of male and female muscular strengt

data than is provided by the old method of assuming females have fwo
thirds the strength of men.

Refer to Ref. 16 for more detailed maleffemale comparison data.}

tatic Push Force - Maximai static push forces for adult males are shown
in Figure 4.9.3-6. While these data were collected in a 1-G situation, the
fact that they do not depend on friction resulting from body weight makes
them applicable to mlcro%rawty. Corrections will have fo be made for
females (see Figure 4.9.3-5).
Leg Strength - elg(; strength for the 5th percentile male as a function of
various thigh and knee angles is reported in Figure 4.9.3-7. Estimates of
female leg strength can be made from these data using the correction
factors provided in Figure 4.9.3-5., ) L
Iogr%ug Strength - Maximum hand torque data are provided in Figure
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12.7 (8} —
Centimeters  10.18 {4} —
(inches) of
separation g3 (25 —
between grip
elements 3.81 (1.5) —

0 | (20 &0)  (B0) (80} (100) {120} (140}

89.0 1779 2669 3558 dd445 5338 €227
Grip strength, N (ib)
Figure 4.9.3-1 Male Grip Strength as a Function of the Separation
Between Grip Elements

MSIS 200



THe ABBOTT AEROSPACE

NASA-STD-300/VOL.1II

Figure 4.9.3-2 Grip Strength
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Arm Strength (N}

(1 2 3 [C)] (5) (6) (7)
degres of elow il Fush up Down I Ot
flawdon {rad) e | ae L R L R L [ L R L

1 22 21 | a7 | a2 | a0 | 82 58 76 52 W | %

5 187 | 249 | 13 | W &7 | 80 B0 B &7 8 | %

Yir 60 [ w7 | 48 | w0 | 76 | 17 93 e | o8 s | 4

2 142 156 91 160 8 :+] 3 116 N 80 45

Yin "G | 147 | u5 | &7 | 8 i | g 8 ® | 8

Hand and Thumb- Finger Strength (N}
(8] : {411 {10
- Hard Grp - Thumb-Finger Grip (Palmer) Thumb-Finger Grip (Tips)

Homentery Hod o) 760 80 0

Suylained Hokd 145 155 35 35
* Ebow angle shovn in radians
M L=Laft, R=Righl

Arm Strength (Ib)

&) 2) (3) [C3] {5) (6} (7
dagize of albow Pull Fush Down In Qut
fexion deg I~ | &* L R L R L R i R L
O | Y - N 1 L] T 1 7 L ] T

150 42 5 30 42 1& 18 18 20 15 o] L]

20 34 42 % 38 17 H 2 28 o] ] 1

50 ] ki 2 3% 17 20 H k- 16 1 :g
| __ &0 36 2 2 15 At} n i1 20

Aand and Thumb- Finger Strength (ib]
g 9 (19
- i - Thumb-Finger Grip Par) Thomh-Finger G (Tips}
‘Momentary Hoid [ T [E] i [E]
ined Hekd EL] 15 ] 1 ]

" L=Laf; R=Right

Figure 4.9.3-4 Am, Hand, and Thumb/Finger Strength
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Total body
strength

Upper
extremities
strength

Lower
extremities

strength

Trunk
strength

Dynamic
strength

Percent O

Note:

10 20 30 40 50 60 70 B8O 90 100

Female strength as a percentage of male strength for different

conditiocns. The vertical line within each shaded bar indicates the mean

percentage diiference. The end points of the shaded bars indicate the

range.

Figure 4.9.3-56 Comparison of Female vs. Male Muscular Strength
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5.1.3.1 Long-Term Mission Atmosphere Composition and Pressure De-
sign Requirements

The following design considerations shali apply to the composition and pres-
sure of the space module cabin attmosphere;

a. Internal Environment - An internal environment shall be provided adequate
to support and maintain crew comfort, convenience, health, and well being
throughout all %perational phases in accordance with the requirements
given'in Figure 5.1.3.1-1.

g?efe_r to Paragraph 5.8.3.1, Temperature, Humidity, and Ventilation Design
equirements, for other atmosphere related design requirements.)

c. Atmosphere Control and Supply :

2. The totat rpresg,ure' of the module shall be maintained at the pressure
levels defined in Figure 5.1.3.1-1.

3. The controls shall be provided in each isotable volume of the module
and shall be cperable by a crewmember in a shirt sleeve environment
ar by a crewmember wearing a pressure suit or by a remote operator,

4. Normally, the controls shall operate autonomously with limited or no
crew intervention necessary.

d. ECLSS Design Requirements :

1. The systems of the ECLSS will provide atmospheric pressure and
compositian control, module temperature and humidity control, atmos-
pheric revitalization, water management, EVA support, and fire and
contamination monaiormg and control.

2. The ECLSS shalt accommodate whatever phased evolutionary growth
is anticipated for the space module.

3. The ECLSS shall embody regenerative concepts to minimize the use
of expendables.

e. Hyperbaric Treatment - Where altitude decompression sickness may
ocour as a result of operational activity or contingency operation, access
to a hyperbaric freatment facility is required.

5.1.3t.2 Long Term Mission Atmosphere Monitoring Design Require-
ments

Atmospheric monitoring instruments shall require as little crew time as possible
for operation and maintenance.

$.1.3.3 Long Term Mission Atmosphere Toxicological Monitoring Design
Recuirements

Design considerations for monitors of volatile or?anics, airborne particulate
matter, and compound-specific monitors are as follows:

a. Monitoring Volatile Organics - The monitoring of volatile organics shall be
accomplished.

1. The overall organic concentration in the atmosphere of all habitable
areas shall be monitored. Continuous real time indication of total
organic contamination in the air shall be provided.

2. An additional monitor shall be available. The ability to unequivocaily
identify and quantify each organic compound and take measurements
at regularly scheduled intervals shall be available.
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b. Compound-Specific Monitoring:

1. The capability to monitor specific compounds shall be provided near
equipment, chemical operations and processing activities which are
potential sources of chemical contamination of the space module.

2. This monitoring capability shall include audible and visible alarms to
alert crewmenribers when contaminant concentrations exceed maxi-
mum acceptable levels.

¢. Particulate Size Ranges - Real-time particulate matter monitoring shall be
provided for detection of the following size ranges:

1. Respirable particles in the 0.5-10 micron range.
2. Large visible patticles.

5.1.3.4 Atmosphere Microbiological-Monitoring & Control Design Con-
siderations

;l'rhe microbiological monitoring and control design censiderations are as
ollows.

a. Limits - The limits given in Figure 5.1.3.4-1 shall be cbserved.

b. Air Sampler - Monitoring of the air will be conducted. An air sampler shall
manitor awthrougthoutthe habitable areas of the facility. it shall be capable
of monitoring for the presence of bacteria, yeast and molds.

5.1.3.4.1 Microbial Decontamination Design Requirements

Decontamination is needed when acceptability limits are exceeded or sensory
factors indicate microbial contamination has occurred.

6.3.3 Acceleration Design Requirements

{Refer to Figure 5.3.2.4-1 for impact acceleration survival)

5.3.3.1 Linear Acceleration Design Regquirements

The following linear acceleration design requirements shall be observed.

a. Linear Acceleratign Limits for Unconditioned and Suitably Restrained
Crewmembers - The accelerations in any vector shall not exceed thase
magnitudes and durations specified in Figure 5.3.3.1-1.

b. Linear Acceleration Limits for Preconditioned and Suitably Restrained
Crewmembers - Accelerations shall not exceed these magnitudes and
durations specified in Figure 5.3.3.1-2.

(Refer to Paragraph 11.7.2.3.3.2, Body Restraint Loads, for seat belt and
shoulder harness design loads.)

5.3.3.2 Rotational Acceleration Design Requirements

The following rotational acceleration design requirements for rotation about the
pitch axis shall be observed:

a. Rotational Acceleration Limits With Center of Rotation at the Heart -
Accelerations shall not exceed the limits specified in Figure 5.3.3.2-1.

b. Rotational Acceleration Limits with a G Field Decaying from 35 to 15 G's
- Accelerations shall not exceed the limits specified in Figure 5.3.3.2-2.
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§.4.3 Acoustics Design Requirements
This section defines the basic environmental limifations and criteria that the

desi?ner shall apply to the design of crew stations and other habitable compart-
ment areas.

Noise levels shall be specified in terms of A-weighted sound level, L{A}. Noise

exposure over 24 hour periods shall be specified in terms of the equivalent

A-weighted sound level La eq. The maximum allowable on orbit continuous broad

band sound pressure exposure limits produced by the summaticn of all individual

sound pressures from all sources, including all operating systems, subsystems

and payloads, considered over a 24 hour period are defined in the following

paragraphs.

5.4.3.1 General Acoustic Design Requirements

The following general acoustic design requirements shail be observed:

a. General Acoustic Design - Noise generation and penetration shall be control-
led to the extent that acoustic energy will not cause personnel injury, interfere

with voice or any other communications, induce fatigue, or contribute to the
degradation of overall man-machine effectiveness,

(All sound pressure levels in decibels are referenced to 20 u-Pascals uniess
otherwise stated and are to be measured at or translated to the outer ears of
crewmembers.)

b.  Equipment Noise:

1. Eq_}a‘i{)ment shall be designed to meet noise requirements of MIL-STD-|
1474B.

2. All noisy equipment shall be mounted and located to reduce hoise at
crewmember stations.

3. System designs shall include noise control provisions.

4, Means shall be provided on-board to facilitate measurement of acoustic
neise levels to verify that exposure limits are not being exceeded.

§.4.3.2 Noise Exposure Requirements

The following types of noise shall be taken into account:
a. Wide-band random noise (22.4 to 11,200 Hz).

b. Narrow-band noise and tones.

c. Impulse noise.

d. Infrasenic and ultrasonic noise.

There are three sets of noise requirements that shall be satisfied depending on
crewmember task and acceleration regimes: 1) hearing conservation, 2) voice
communication, and 3) annoyance.

5.4.3.2.1 Hearing Conservation Noise Exposure Requirements

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

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

5-11
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6.4.3.2.1.1 Wide-Band, Long-Term Hearing Conservation Noise Exposure
Requirements

The following long-term, wide-band hearing conservation noise exposure ctiteria
shall apply:

a. Hazard Level - Noise of constant saund levels of 85 dB(A) and greater are
considered hazardous regardless of the duration of exposure. Total expo-
sure during a 24-hour pertod shall not exceed an average of 80dB(A).

b. Allowable Noise Exposure - A noise exposure below 84 dB(A) for up to eight
hours duration without hearing protection is allowable but nof desirable.

c. Unacceptable Noise Levels - Crewmembers shafl not be exposed to continu-

ous noise levels that exceed 120 dB in any octave band or 135 dB QASPL
under any circumstances.

§.43.21.2 Narrow-Band, Long-Term Hearing Conservation Noise Expo-
sure Requirements

The refative sound pressure levels of narrow-band components, pure-tones, and
beat frequencies 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 a
change in sound pressure level of more than 10 dB inone second orless. Impulse

noise shall not exceed 140 dB peak pressure level to meet hearing conservation
criteria for unprotected ears.

{See MIL-STD-1474B regarding the relationship between the number of daily
exposures, the corresponding peak levels, B-duration values, and the required
hearing protection devices when impulse peak pressure levels exceed 140 dB.)

5.4.3t.2.1.4 Infrasonic, Long-Term Anncyance Noise Exposure Require-
ments

The following infrasonic noise annoyance criteria shall apply:

a. Infrasound Sound Pressure Level - Infrasound sound pressure level shall be
less than 120 dB in the frequency range of 1 to 16 Hz for 24-hour exposure.

k. Hearing Protection - Passive hearing protection devices shall not be a
method for low-frequency infrasound noise control.

5.4.3t.2.1.5 Ultrasonic, Long-Term Annoyance Noise Exposure Require-
ments

The fellowing ultrasonic noise annoyance criteria shall apply:

a. Hearing Conservation Measures - Hearing conservation measures shall be
initiated when the ulirasonic criteria provided in Figure 5.4.3.2.1.5-1 are
exceeded.

b. Hearing Protection - Ulirasonic noise hearing protection shall be provided
where overexposure is possible in contingency cases in a way that commu-
nication is not hampered.

§.4.3.2.2 Voice Communication Noise Exposure Requirements

§.4.3.2.2.1 Direct Voice Communications Noise Exposure Requirements

The following noise level criteria shall apply to areas where voice communications
are necessary:




g
511 o 5
E
Sii S'LE d
- oLl 52 ]
= 2
s s01 0z < -
5 -] ;
0 08 91 z -
4 08 xd 2
: £,
08 1] mm
gp Ul |3A8] zZH ¥ ‘Aduanbaiy 1a3uadd o L
pueq aAeIO0 piiYI-auQ) | pueq aaeldo payl-suo mm 3
58 @
p: £




NASA-STD-3000/VOL.III

a. Voice Communication Criteria - The communication criteria shown in Figure
5.4.3.2.2,1-1 shall be used to define maximum noise level based on voice
communication requirements.

b. Background Noise Level - Background naise for work areas shall not exceed
the NC- 50 contour unless othenwise specified. (Referto Figure 5.4.3.2.3.1-1).

c. Room reverberation time -

1. The reverberation time of a spacecraft compartment shall be adjusted
according to room volume and the criterion for conversational speéch as
shown in Figure 5.4.3.22.1-2.

2. In areas where crewmember display users must communicate by voice,
provide a room reverberation time of approximately 0.5 seconds.

3. Re\at'erberation time shail be verified ulilizing the natural frequency of the
system.

5.4.3.2.2.2 Indirect Voice Communications Noise Exposure Requirements
The following inteHigibility criteria for Articulation Index (Al) shall apply:

a. Very Good to Excellent Intelligibility - Al = 0.7 to 1.0.

b. Good Intefligibility - Al = 0510 0.7.

c. Generally Acceptable Intelligibility - Al = 0.3 to 0.5.

d¢. Unsatisfactory or Only Marginally Satisfactory - Al = 0.0to 0.3.

Reference Figure 5.4.2.4.2.2-1.

6.4.3.2.3 Annoyance Noise Exposure Requirements

5.4.3t.2.3.1 Wide-Band, Long-Term Annoyance Noise Exposure Require-
ments

The following long-term, wide-band annoyance noise criteria shall apply:

a. Maximum Continuous Neise - The maximum allowable continuous broad
tand sound pressure levels produced by the summation of ali the individual
sound pressure levels from all operating ﬁystems and subsystems consid-
ered at a given time shall not exceed the Noise Criteria (NC) 50 contour for
work periods and the NC 40 contour for sleep compartments shown in Figure
5.4.32.3.1-1. Also see Figure 5.4.3.2.3.1-2 tor correlation of the NCcurves to
the A-Weighted sound pressure levels

b. Sleep Compartment Noise Level

1. In sleep areas, the confinuous broad-band noise level shall not be less
than NC25 contour.

2. Hearing protection devices shall be available in sleep areas to provide
aural isolation as needed.

5.4.3.2.3.2 Narrow-Band Annoyance Noise Exposure Requirements

The maximum SPL of any narrow-band centinuous component or tone shali be
at least 10 dB less than the broad-band SPL of the octave-band which contains
the component.

5.4.3t.2.3.3 Wide-Band, Short-Term Annoyance Noise Exposure Require-
ments

The wide-band annoyance noise level as a result of long-term and short-term
tess than five minutes) noise shall not exceed an Leq (B-hours) of 32 dB during
the sleep period. Intermittent noises shall be minimized.

5-14
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§.4.3.2.3.4 Impuise Annoyance Noise Exposure Requirements
The following impulse noise annoyance criteria shall apply;

a. Sleep/Rest Periods - Anticipated impulse or transient noises shall not exceed
background neise by more than 10'dB during sleepfrest periods.

b. Masking Noise:

1. Masking noise generation to cover-up impulse or ﬂuctuating noise is not
a preferred solution but, where utilized, it shall not exceed 55 dB(A) at the
crewmember's ear.

2. Masking noise level and spectrum shape shall be under the control of
crewmembers.

5.7.2.2.2 lonizing Radiation Protection Design Requirements

Polar Platform servicing missions will be conducted using the NSTS orbiter so
NSTS flight rules will prevail.

The following strategies shall be used to implement radiation protection features
for crewmembers on the space module at 28.5 deg:

a. Radiation Protection - The design of the space module shall include the
necessary radiation Frotectlon 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 layout of the space module shall
make optimal use of enboard mass as radiation shielding.

¢. Radiation Contingency Plans - Contingency cP!ans for crew protection
during radiation emergencies shall be provided.

d. Mission Radiation Control Program - A mission radfation control program

shall be omstituted to establish procedures and responsibilities consistent
with the expected mission envirenment and duration of orbital st:«]}_rl in order
to keep radiation exposures to crew at ALARA levels and within the estab-
lished radiation exposure limits.

Radioactive Substances - Safe procedures shalf be established for the
handling, containment and disposal of radioactive substances or radicac-
tively contaminated materials,

f. Cumulative Crewmember Radiation Dose - The radiation dose equivalent
accumnulated by each space module crewmember shall be monitored
throughout the active career of all crewmembers. Thus, career, as well as
mission dose equivalent levels shall be kept ALARA, thereby ensuring that
the maximum career dose equivalent limit shall not be exceeted.

5.7.2t.2.3 lonizing Radiation Monitoring and Dosimetry Design Require-
ments

The following design requirements shall be observed to limit the radiation dose
that the crewmembers could acquire during a given mission on the space module:

a. Radiation Monitoring - The accumulated radiation dose within the occupied
areas of the space module shall be monitored and recorded for all missions.
Radla&tlodn dose rates within the spacecraft shall also be monitored and
recorded.

b. Crewmember Radiation Dose Menitoring - For each crewmember the radia-
tion dose shall be measured, recorded, the effective dose equivalent calcu-
lated and stored as part of the crew’s radiation exposure history.
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c. Charged Particle Monitoring - Proton and other particle fluxes and their
energy spectrum within the space module shall be monitored and recorded.
Particle radiation characteristics such as particle direction and secondary
particle flux, {i.e., neutrons) shall be monitored.

d. Location of Radiation Detectors - The location and characteristics of the
onbeard radtlation detectars shall be consistent with the expected radiation
enviranment.

e. Radiation Dose Management System - A radiation dose management
system shall be provided for keeping track of crew cumulative radiation
exposure records, scheduling and assigning crew activities and alerting
personnel that are approaching their radiation dose limits.

f. Radiation Event Warning - A radiation detection system shall be provided
which continuosly monitors the interior radiation levels, records the accumu-
lated dose, and can be read ouit on command from Mission Control and
provides clear notification of radiation conditions within the space module.

5.7.2.2.4 lonizing Radiation Personnel Protection Design Requirements

The following personnel protective equipment shall be provided, or be available,
to assist and protect crewmembers during their mission:

a. EVA Radiation Protection - EVA shall not be scheduled during orbits passing
through the South Allantic Anomaly unless space suits and helmets incorpo-
rate radiation shielding.

b. Protective VA Garmets - Persanal shielding devices, which are to be wom if
and when the crew encounters high radiation conditions, are being consid-
ered for each space module crewmember.

¢. Radioactive Contamination Contral - Protective garments, equipment and
procedures shall be established for dealing with possible radicactive contami-
nation associated with any of the manmade radiation sources onboard.

5.8.3 Thermal Environment Design Requirements

Paragraphs 5.8.3.1 and 5.8.3.2 provide the design requirements for spacecraft
cabin thermal environments.

$.8.3.1 Temperature, Humidity, and Ventilation Design Requirements
See Paragraph 5.1.3.1
5.8.3.2 Thermal Monitoring and Control Design Requirements

The following requirements shall apply to the menitoring and control of the space
cabin ihermal environment:

(Refer to Paragraph 9.3, Controls, and Paragraph 9.4, Displays, for specific
details on control and display requirements})

a. Monitoring of Thermal Environment -

1. Monitoring of cabin temperature and relative humidity shali be provided.

2. Monitoring of the thermal environment shall be fully automatic. The
number, fype, and location of temperature sensors and the frequency of
monitoring shall be such as to ensure measurement of representative
cabin temperature and to allow stable control of those temperatures.

3. Visual and audible alarms shall be automatically initiated when thermai
parameters exceed the limits given in Paragraph 5.8.3.1.

{Refer to Paragraph 9.4.4, Caution and Warning Displays, for specific require-
ments for implementing the caution and warning system.y
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Adjustment of Thermal Environment by the Crew - Crewmembers shall be
provided with controls that allow them 1o modify temperatures, humidity, and
ventilation rates inside the space module within the ranges for these parame-
ters as specified in Paragraph 5.8.3.1.

Sleep Comﬁartment, Personal Hgglene Area, and Waste Management Com-
artment Thermal Environment Controls - Temperature and ventilation shall
e maintained in each ofthe private crew quarters, the personal hygllene area

and the waste management compartment, and shall be controlled in each of

these areas within the range of these parameters,

Portable Fans - If activity stations are isolated from the medule air circulation
systems, auxiliary airflow and/or portable fans shall be provided.

Exercise Station Perspiration Control - Each exercise station shall be pro-
vided with a method of sweat removal and collection.
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6.2 GENERAL SAFETY

6.2.2. General Safety Design Considerations
6.2.3 General Safety Design Requirements

6.3.3 Mechanical Hazards Design Requirements

Design requirements for the elimination of burrs, corners, edges, protrusions,
pinching, snagging, and cutting for IVA are given in this section:

(Refer to Paragraph 14.1.3, EVA Safety Requirements, for comparable EVA
requirements.)

6.3.3.1 Corner and Edge Requirements

a. Exposed edges 6.4 mm (0.25 in.) thick or greater shall be rounded to a
minimum radius of 3.0 mm (0.12 in.) as shown in Figure 6.3.3.1-1.

3.0 mm {0.12 in)
minimum radius

{

t 6.4 mm {0.25 in} or greater

Figure 6.3.3.1-1 Requirements for Rounding Exposed Edges
6.4 mm (0.25 in) Thick or Thicker

MSIS 4

b. Exposed edges 3.0to 6.4 mm (0.12 to 0.25 in.) thick shall be rounded fo
a minimum radius of 1.5 mm {0.06 in.) as shown in Figure 6.3.3.1-2.

c. Exposed edges 0.6 to 3.0 mm {0.02 to 0.12 in.) thick shall be rounded to
a full radius as shown in Figure 6.3.3.1-3.

d. The edges of thin sheets less than 0.5 mm (0.02 in.) thick shall be ralled
or curled as shown in Figure 6.3.3.1-4.
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1.8 mm (0.05 in)
minimum radius

i )

3.0 to 6.4 mm
(0.12 t0 0.25 in)

Figure 6.3.3.1-2 Requirements for Rounding Exposed
Edges 3.0 to 6.4 mm (0.12 to 0.25 in) Thick

MSIS 5

0.5103.0mm
" (0.02 t0 0.12 in)

H —d

Full radius\

Figure 6.3.3.1-3 Requirements for Rounding Exposed
Edges 0.5 to 3.0 mm (0.02 to 0.12 in) Thick

MSIS 6
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Less than 0.5 mm
{0.02 in)

Rolled or curled

Figure 6.3.3.1-4 Requirements for Curling of Sheets Less Than
0.5 mm (0.02 in) Thick

MSIS7

6.3.3.2 Exposed Corner Requirements

a. Exposed corners of materials [ess than 25 mm (1.0 in.) thick shall be rounded
to a minimum radius of 13 mm (0.5 in.), as shown in Figure 6.3.3.2-1,

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

13 mm (0.5 in}
radius

M
—T

Fulito 3.0 mm
(0.12 in} radius

Thickness less than —
25 mm (1.0 in)

Figure 6.3.3.2-1 Requirements for Rounding of Corners Less Than
25 mm (1.0 in) Thick

M5IS &
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13 mm (0.5 in)
Spharical radius

Full to 3.0 mm

. (0.12 in) radiusg
Thickness greater

than 26 mm (1.0 in)

Figure 6.3.3.2-2 Requirements for Rounding of Corners Greater
Than 26 mm (1.0 in) Thick

MS3IS 9

6.3.3.3 Proiective Covers on Exposed Protrusions Requirements

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

6.3.3.4 Holes Requirements

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

6.3.3.5 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 cannot be found.

6.3.3.6 Screws and Bolts Requirements

Screws or bolts with mere than two exposed threads shall be capped to protect
against the sharp threads,

6.3.3.7 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 shall not be located where they can pinch,
snag, or cut the crewmember or clothing.

6.3.3.9 Burrs Requirements

Exposed surfaces that can be grasped by the bare hand shall be free of burrs.
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6.3.3.1¢ Mechanically Stored Energy Requirements

Mechanical devices capable of storing energy (such as springs, levers, and
torsion bars) shafl be avoided in spacecraft design. Bungee cordsare accepfable.

a. Safely Features - Where stored energiy devices are necessary, safety fea-
tures such as removal tabs, locks, protective devices, and warning placards
shall be provided.

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

¢. Backlash - Stored energy devices shall not generate a backlash,
6.4.3 Electrical Hazards Design Requirements

Equipment design shall protect the crewmembers from electrical hazards. See
Figure 6.4.3-1 for general information regarding electrical voltage, current, and
frequency exposure criteria and the range of physiological effects thereof.

6.4.3.1 Chassis Leak Current Requirements
Crewmembers shall not be exposed to excessive levels of leak current from
contact with the exterior of eectncailg powered equipment. The maximum
chassis leak current shall not exceed 100 microamperes rms for frequencies from
dc to 1000 Hz. For frequencies above 1000 Hz, the limit is increased in

accordance with Figure 6.4 .3.1-1, Electrical equipment shall meet this maximum
current limitation for any combination of the following conditions:

1. Electrical supply polarity hormal and reversed.
2. Power switch on and off.
3. Ground open and intact.

6.4.3.2 Crewmember Applied Current Requirements

Crewmembers shall not be exposed to excessive levels of current from electrically
powered equipment attached to the crewmember's bady. The maximum
applied current shall not exceed S0 microamperes rms for frequencies from
DC to 1000 Hz for external skin surface or invasive (readily accessible mucous
membranes and breached skin) crewmember caonnections. For frequencies
above 1000 Hz, the limit Is increased in accordance with Figure 6.4.3.1-1,
Etectrical equipment shall meet this maximum current limitation for any
combination of the following conditions:

1. Electrical supply polarity normal and reversed.
2. Power switch on and off.
3. Ground open and intact.

6.4.3.3 Crewmember Protection Requirements

Crewmembers shall be protected from electrical hazards by one or more of the
following methods:

6.4.3.3.1 Grounding Requirements
External metal parts subject to crew contact shall be at ground potential.
6.4.3.3.2 Protective Cover Requirements

Equipment shall provide grounded or nonconductive protective covers for all
electrical hardware.
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6.4.3.3.3 Interlocks Requirements

equipr_nent access doors or covers shall incorporate interlocks to remove all
potentials in excess of 150 V when open.

6.4.3.3.4 Warning Labels Requirements

\é\larning labels shall be provided where potentials are hazardous to crewmem-
ers,

6.4.3.3.5 Warning Labels Plus Recessed Connectors Requirements

Provide warning labels and recessed connectors or other protective measures
where potentials exceed 150 V.

6.4.3.3.8 Plugs and Receptacles Requirements

a. Plugs and receptacles design shall prevent a plug of one voltage rating from
being inserted into a recepfacle of another rating.

b. Al hot contacts shall be female receptacies.

c. Provide means to ensure proper pin conneclions of all critical electrical
connectors prior to the application of system power.

d. Provide means to ensure that all pin connections exist as designed, no
pin-to-pin shorts exist, and that no pin-to-shell shorts exist.

€. Uniess connectors are specifically designed and approved for mating or
demating in the existing environment under the loads being carried, they shall
hotbe mated or demated until voltages have been removed from the poivered
side(s) of the cannector.

6.4.3.3.7 Insulation Requirements

a. All exposed electrical conducters shall be insulated.

b. All power tools to be used near high voltages shall have insuiated handles.

6.4.3.3.8 Power Cords Requirements

Portable equipment shall be designed with three-wire power cords with one

wire at ground potential, A system of double insulatjon or its equivalent when

approved by the procuring agency, may be used without a ground wire.

6.4.3.3.9 Moisture Protection Requirements

Equipment shall be designed so that moisture cannot collect near electrically
operated controls,

6.4.3.3.10 Static Discharge Protection Requirements

Equipment design shall ensure that crewmembers are protected from static
charge buildup.

6.4.3.3.11 Spacing Between Connectors Requirements

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

6.4.3.3.12. Biodnstrumentation System Shock Protection Requirements

All bio-instrumentation system design shail provide sufficient resistance in series
with each body electrode to limit to safe levels electrical shock currents that could
flow through an instrumented crewmember as a result of contact with available
voltage sources,
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6.5.3 Touch Temperature Design Requirements

Surface touch temperature design requirements for minimizing crewmember
discomfort and injury are as follows:

a. The delsgn goal for the maximum surface temperatures which can come into
contact with bare skin shall be 40°C (104°F),

b. The maximum allowable surface temperature for continuous contact with
bare skin shall be 45°C (113°F).

. Incidential or momentary bare skin contact with surface temperatures from
46° - 49°C (114° - 120°F) is permissible. Warning tabels shall be provided {o
alert crewmembers to these excessive temperaflre levels. Guards or insu-
lation shall be provided to prevent crewmember contact with surface tem-

eratures in excess of 49°C (120°F). Where contact with surfaces above this

imit is required, adequate warning labels and protective equipment are
required.

d. For surfaces that must be touched wtih bare skin, the minimum temperature
shall not be below 4°C (39°F). Where contact with surfaces belaw this fimit
is required, adequate warning labels and protective equipment are required.

E)Ref_er to Paragraph 14.2.3.11, EVA Touch Temperature and Pressure
esign Requirements, for EVA-unique touch temperature requirements.)

6.6.3 Fire Protection and Control Design Requirements

Fire protection and control design requirements are given below.
6.6.3.1 General Requirements

6.6.3.1.1 Fire Protection System

A fire EI’OIEC“OH system comprising detection, warning, and extinguishing devices
shall be provided during all mission phases.

6.6.3.1.2 Material Selection

Only approved fire-retardant materials shall be used.

6.6.3.2 Detection Requirements

6.6.3.2.1 Detection System Signals

The fire detection system shall provide signals to the vehicle warning system.
6.6.3.2.2 Reset and Self-test

The fire detection system shall have reset and self-test capabitities.
6.6.3.2.3 Sensor Replacement

All sensors shall be replaceable and accessible.

6.6.3.3 Warning System Requirements

Warning - General requirements far the fire waming system are as foliows:

(Refer to Paragraph 9.4, Caution and Warnings, for complete description of
design considerations and requirements.)

a. The caution and warning system shall include a fire warning system to alert
the crew in case of a fire.
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b. The fire wamning system shall be capable of operating independently.

c. 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-25050.

6.6.3.4 Extinguishing Requirermnents

b. Design of the vehicle and its companents shall provide for rapid access with
fire fighting equipment.

o

Chemical agents used for fire extinﬂuishing shall be compatible with the
toxicity requirements of the spacecraft.

d. Portable fire exiinguishers shall be provided for open areas and a fixed fire
extinguishing system shall be provided for enclosed inaccessikle areas.

Capability for removal of expended fire extinguishing material during post-fire
cleanup shall be provided.

. Automatic extinguishing systems shall incorporate a disabling feature to
prevent inadvertent achivation during servicing.
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7.2.2.3 Nutrition Design Requirements

7.2.2.3.1 Food Design Requirements

7.2.2.3.2 Potable Water Design Requirements

7.2.2.3.2.1 Potable Water Quality Design Requirements

Potable water shall meet the quality requirements defined in Figure 7.2.2.3.2.1-

1. Provisions shall be made to prévent accidental use of nenpotable water for
drinking or food preparation.

Parameter MCL
Physical
Total solids (Suspended/Dirsclved) mg/l o
Color True rt/co 15
Taste and Oodar TTH/TON 3
PH 6.0-8.0
Particulates (maximum size - $* )] 40
Turbidity NTU 1
Dizsolved Gaa (Free @& 35°9F) None
Frea Gan (@ sTP) None
Inorganic Constituents fmgr1)

Ammonia 0.5
Arsenic 0.01
Barium 1.9
Cadmium 0.01
Caloium 20
Chloride 250
Chromium .05
Copper 1.0
Iodine (Total) 15
Iron .3
Load .05
Manganese 0.05
Magnas bum S¢
Mercury 0.002
Nickel 0.08
Nitratoc {NGq-H} 10
Potassium 3a0
Selonium 0.01
Silver ¢.05
sulfata 250

Figure 7.2.2.3.2.1-1 Maximum Contaminant Levels (MGL)

for Potable Water

MSIS 186

1of2
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Paramcter MCL
Inorganie Constituents (ng/l)-Coneluded
sulfide 0.05
Zine 5.0
Hactericides (mg/L)
Resjdual Todlne (Minlwum) 0.5
Residual rodine {Maxiwmun) 4.0
Aesthetics (mg/)
cations 30
aniono 30
COy 15
uicrobinl
Bactaria (CFU/1008 wl)
Potal Count T
Anaercbes 1
Aerobes 1
Gram Positive 1
Gram Neqative 1
B. ¢oli 1
Enteric 3
Yiruses (PFU/100m1}) 1
Yoasts and HMolde [(CFU/l00ml) 1
Radioactive Constituents {pLi/l) See Note
Organics (b/1}
Total hcids 500
Cyanlde 200
Halogenated Hydrocarbons 10
Phenols 1
Tetal Organic Carkon (1OC) 500
T0C (Less Non-Toxicants) 100
Total Alcohols 500
Organic Constituents (mg/l)
Spaepific Toxicants TBD

Note:

The maximum levels for radioactive material in potable wator shall
conform to Nuclear Regulatory Cammigsion (NRC) (10CRF20, et. al)
to control the dose to the public from the extant 1200+ man-made
radionuclides. Thaese maximum contaminant levels are listed in the

Federal Register, Vol. 51, No. 8, 1986, Appendix B, as Takle 2

(Reference Level Goncentrations), Column 2 (Water).

Figure 7.2.2.3.2.1-1 Continued

MSIS 186
2of2



NASA-STD-3000/VOQL.III

7.2.23.2.2 Potable Water Quantity Design Requirements
The supply of available water for drinking and rehydration of food is listed below;

a. Operational Mode - 2.84 to 5.16 Kg per person-day {6.28 to 11.35 Ibs per
person-day)

b. Degraded and Emergency Mode - 2.84 Kg per persoen-day (6.26 |bs per
person-day)

7.2.2.3.2.3 Potable Water Temperature Design Requirements

Drinking Water requirements shall meet the following requirements:

a. Cold Water - Cold water temperature shall be 4 +/- 3°C (40 +i- 5°F).

b. Ambient Water - Ambient water temperature shall be 2 1 +/-5°C (70 +/- 10°F).
¢. HotWater - Means shall be provided for heating water up to 65.6°C (150°F).
7.2.3.3.3 Exercise Countermeasure Design Requirements

Exercise countermeasure requirements apply to space missions that expose
crewmembers to microgravity conditions for longer than 10 days. For missions
of 10 days or less, exercise countermeasures shall be available for crewmembers
as necessary to maintain perfermance during the mission on entry to 1-G. The
following are the exercise countermeasure design requirements;

a. Types of Exercise - The space module shall provide facilities for the following
types of exercise:

1. Equipment for placing tension stress, isotonic and isometric, upon the
major muscle groups of the body shall be provided in order to counter
"disuse afrophy" caused by microgravity,

2. Devices for exercising the cardiorespiratory system by engaging large
skeletal muscle masses (i.e., aerobic exercises) as partial countermea-
sure to cardiovascular deconditioning shall be provided.

b. Duration of Exercise - Facilities and scheduling shall provide the capability
for all crewmembers to exercise not less than 1 hour per day.

¢. Exercise Regimens - Capabilty shall be provided for establishing and updat-
ing individualized exercise routines and goals for each crewmember.

d. Motivation and Training - Appropriate motivational devices and/or incentives
shall be provided. Crewmembers shall be trained in the importance of
exercise and how to use the equipment.

e. Data Monitoring of Exercise - There shall be the capability to monito
Physiologlcal parameters during exercise, store the data, ahd downlink]

his information to Earth. The fo%owing physiologicat parameters shall be
monitored:

1. Routine Monitoring.

(@) Heart Rate.

(b) Duration of Exercise Period

() Power Output From Instrumented Exercise Device



7.2.3.4.3 Nonexercise Countenmeasures Design Requirements
7.2.4.3 Sleep Dasign Requirements
The following are design requirements for crew sleep:

7.2.6.3 Personal Hygiene Design Requirements
7.2.5.3.1 Body Grooming Design Requirements
The following body grooming measures shail be provided in the space modules.

a.

7.2.6.3.2 Partial Body Cleansing Design Requirements

The capability shali be provided for crewrnembers to perform selected body area
cleansing as needed.

R

f

7.2.5.3.3 Oral Hygiene Design Requirements

The capability shall be provided for crewmembers to maintain proper oral hy-
giene. Proper oral hygiene includes toath, mouth, and gum care.

" their skin sufficiently to prevent drying and/ior cracking.

efer to Paragraph 10.2.3.1, Partial Body Cleansing Design Requirements, for
cility design reguirements.)
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2. Periodic Monitoring
(a) Electrocardiogram
(b) Blood Pressure
{¢) Maximal and Submaximal Oxygen Uptake

(d) Muscle Strength

Facilities - Adequate sleep facilities shall be provided.

(Re{er)to Paragraph 10.4.3, Crew Quarters, for sleep facility design require-
ments.

Duration - Scheduling should allow a minimum sleep period of 8 hours per
day with minimum of 6 hours of uninterrupted sleep.

Pharmaceuticals - Appropriate sfeep aid medication shall be made avaitable
to crewmembers via a controlled access system,

Skin Care - The capability shall be provided for crewmembers to condition

Shaving - Provisions shall be made for crewmembers to shave body hair.

Hair Grooming - Provisions shall be made for crewmembers to cut hair to
maintain the length within mission and/or personal requirements.

Nail Care - Provisions shall be made for crew members to trim nails.

Body Deodorant - The capability shall be provided for crewmembersto control
body odor.

Menstruation - Provisions shall be provided for the collection and disposal of
menstrual discharge.

(Refer to Paragraph 10.2.3.4, Hair Cutting Design Requirements, and Para-
graph 10.2.3.5, Grooming & Shaving Design Requirements, for facility design
requirements.)
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Water for oral hygiene shall meet potable water quality standards defined in
Paragraph 7.2.2.3.2.1.

(Refer to Paragraph 10.2.3.3, Oral Hygiene Design Requirements, for facility
design requirements.}

7.2.5.3.4 Whole Body Cleansing Design Requirements

The capability shall be provided for crewmembers to perform whole body skin
and hair cleansing.

Fquer to Paragraph 10.2.3.2, Whole Body Cleansing Design Requirements, for
acility design requirements.)

7.2.5.3.5 Personal Clothing & Equipment Cleansing Design Requirements

The capability shall be provided to supply each crewmember with clean clothing
and other washable iterns, including bedding and linens, over the duration of tha
mission.

gRefer to Para raEh 11.13.1.3, Clothing Design Requirements, and Paragraph
0.10.3, Laundry Facility - Design Requirements, for additional requirements.

7.2.5.2.6 Personal Hygiene Water Design Requirements

Personal hygiene water is water that is used for external body cleansing. Per-
sonal hygiene water requirements are listed below:

a. Quallty - Minimum personal hyglene water quality requirements are given in
Figure 7.2.5.3.6-1.

b. Quantity - Personal hygiene water quantity requirements are given In Figure
725.36-2. This figure does not include requirements for laundry and
dishwashing which are system dependent.

c. Iggnpera ure - Temperature shall be adjustable from 21°C(70°F) to

C(113°F).
MGDE
90 dAY

UNITS operaticnal Degraded Emergency 3

1k/
parson~day 51,52 16.0% 12 o5

kg/
person-day 23.4 &.18 5.45
Notes:

(1} Degrade levels meet "fail operational criteria "

(2) Based on 12 Ik minimum capacity for hygiene and 25 ib used in a
90 day chamber test. Includes faundry {27.5 Ib/person-day) and
dishwashing (12 ib/person-day) quantities.

(3) Safe Haven conditions shall be maintained for up to 45 days.

(4) Based on 12 |b/person-day capacity for hygiene and
4 ib/person-day for laundry.

(5} Based on 12 Ib/person-day minimum capacity for hygiene only.

Figure 7.2.5.3.6-2 Minimum Presonal Hygiene Quantity
Requirements

MSIS 400
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FPropany Limit
Total solids (suspendedidissolved) ma/s S00
Color, rua PvCa 15
Taate and odor TTN/TON <3
pH 5.4-3.0
Particuiate {(maximum siza) 40
Turbidity NTU 1
Dissoived gas Free @ 35°C None
Fres gas §TP None

fonic (incrganic}
(mg/ )

Ammonia 0.5
Arsenic oM
Barium 1.0
Cadmium 0.01
Calcium 100
Chkride 250
Chramium C.05
Copper 1.0
Fiuarde 1.0
lodide 15
fron 0.3
Lead a.05
Manganess Q.05
Magnesium 0.0S
Mercury Q9.002
Nickal 0.05
Nitrate (NCq-N) 10
Potassium 340
Selanium 0.01
Silver 0.05
Sulfide 0,05
Sulfate 250
Zinc 5.0

Figure 7.2.5.3.6-1 Maximurn Contaminant Levels (MCL) for

Personal Hygiene Water

MSIS 180
1o0f2
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Parometer MCL
Organice (ug/1)
Total Organic Carbon (T0C) 10,000
TOC (Lesa Non-Toxicanta} 1,000
cyanide TBD
Phehole 1
Acids TBh
specific Toxicants TBD
Halogenated Hydrocarbons TRD
Alcohols TBD
Mieroorganisms

Bacteria CFU/100ml
Total Count
Anaerobes
Asrobes
Gran Positive
Gram Nagative
E. ccli
Enteric
viruses (PFU/100ml}
Yeasts and Holds (CFU/10Cnl)
Bactericide (mg/1)
Residual (Halegens) (Minimum}
Residual (Kalogens) (Maximum)

- X3 Dl ol ol T el

Lald

Radiological (pCi/1}) See Hote

Mote:

The maximum contaminant levels for radioactive material in potable
and personal hygiene water shall conform to Nuclear Regulatory
Commission (NRC) regulations (10CFR20, et. al.) for control of dose to
the public from the extant 1200+ man-made radionuclides. These
maximum contaminant [evels are listed in the Federal Register Vol. 51,
No. 8, 1986, Appendix B, a Table 2 {Refereance Level Concentrations)
Column 2 {(Water).

Figure 7.2.6.3.6-1 Concluded

MSIS 190
20of2
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7.2.6.3 Pre/Post-Mission Health Management Design Requirements
7.2.7.3 Routine Heaith Monitoring Design Requirements

7.2.7.3.1 Routine Crew Health Monitoring Design Requirements
7.2.7.3.2 Water Supply Monitoring Design Requirements

7.2.7.3.2.1 Water Quality Monitoring Schedule Design Reqguirements

Water %uality shall be monitared according to the schedule shown in Figure
7.273.21-1

7.2.7.3.2.2 Toxicological Monitoring Design Requirements
7.2.7.3.2.3 Microbiological Monitoring & Treatment Design Requirements

The foliowing requirements apply to monitoring and treatment of microbiological
qualities of water:

a. Determination of Potability
b. Sampling Technique
c. lodine

d. Alternative Biocide

g M3SI15-339
[ R A A B B B R
3
»
"ug?xxxxlq- x o % e odox x| {1 ox xox g,
8 g
LH :
g
5
3
*x bl 1 xx | 1 o | I I i o=
3 3
£8 ;
§
LI
g o £ B
g § 3z : ! -E,
% ; 3 > T
g % & . % § é’ § g ] :3 & . ; E E
& § H 3
: $g.8% Ptz §w=w5§§ g
3s283:2f §3:58 Bx 2232 3 28| z-n!
Figure 7.2.7.3.2.1-1 Reguired Water Quality Monitoring Schedule for All
Water Which Comes Into Contact With Personnel
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€. Administration of lodine

f.  Moenitoring

g. Treatment Bed Control

7.2.7.3.2.4 Physical Monitoring Design Requirements
7.2.1.3.3 Environmental Monitoring Design Requirements

Environmental monitering necessary fo maintain crew health shall be provided
as follows:

a. Particulate Monitoring

b. Microbial Contaminants Monitoring

¢. Chemical Contaminants Monitoring

d. Radiation Monitoring

e. Atmospheric Monitoring

f. Radiological Monitoring

7.3 MEDICAL CARE

7.3.3 Medical Care Design Requirements
7.3.3.1 General Design Requirements
7.3.3.2 Prevention Design Requirements
7.3.3.3 Diagnosis Design Requirements

7.3.3.4 Treatment (Therapeutics) Design Requirements
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ﬁiéN_EJSVERALL ARCHITECTURAL CONSIDERATIONS AND REQUIRE-

8.2.3 Overall Architectural Design Requirements
8.2.3.1 Crew Station Arrangement and Grouping Design Requirements

8.2.3t.2 Dedicated vs. Multipurpose Space Utilization Design Require-
men

8.23.3 Crew Station Location

8.2.3.4 Microgravity

8.2.3.5 Reconfiguration

2.2.3.6 Decor and Lighting

83.3 Crew Station Adjacencies Design Requirements
8.3.3.1 Adjacent Crew Station Design Requirements

8.3.3.2 Non-Adjacent Crew Stations - Design Requirements
8.4.3 Orientation Jesign Requirements

The following are daesign requirements for establishing an orientation within a
space module;

a. Consistent Orientation - Each crew station shall have a consistent orien-
tation within a given visual field {see Figure 8.4.3-1 for ilustration).

b. Visual Orientation Cue - A visual cue shall be provided to allow the
crevxrr:etmber to quickly adjust to the orientation of the activity center or
workstation.

¢. Separation - When adjacent workstations or activity centers have vertical
orientations differing by 90 degrees or more, then clearly definable demar-
cations shall separate the two areas.

8.6.3 Location Coding Design Requirements

8.5.3.1 Alphanumeric Coding Design Requirements

An alphanumeric codin% s¥stem_shail be established for the space module.
The system shall have the following characteristics:

a. Ease of Use - The coding system shall be simple to use, communicate,
and memorize.

b. Module Consistency - The coding system shafl be consistent throughout
the space module and attached components. The system shall be con-
sistent for both interior and exterior locations.

c. User Consistency - The coding system shall be consistent for all personnel
who use and maintain the modile. The s¥stem shall be compatible with
{if not identical {0} design engineering location systems.

d. Flexibility - The coding system shall be flexible to allow adaptation to space
module design changes and reconfiguration.

8.6.3.2 Directional Designation Design Requirements

Whenever possible, a consistent directional orientation shalf be establishedlis
for the entire space module. The following directional designation terms shall
apply to space modules:
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Not like this

Equipment oriented properly
with a consistent orientation

Figure 8.4.3-1 Equipment Shall Have A Consistent Orientation
Within A Workstation or Activity Center

MSIS 87
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a. Forward/Aft - Forward shall be defined by the plus velocity vector ofthe space
madule. If there is no designated velocity vector, thefn "forward" shall be
arbitrarily defined.

b. Port/Starboard - When facing in the "forward” direction, "port" shall be defined
tahs the rgjtlrec:tlon to the left and "starboard” shall be defined as the direction te
e right .

¢. Up/Down - An Up/Down directional designation shall be established perpen-

dicular to the Forward/Aft and Port/Starboard glane. Ifthe space module has

a stable orientation relative to a planetary body, then be defined as the

gir?ctlcén toward the planetary body. Othefwise, "down” shall be arbitrarily
efined.

8.58.3.3 Location & Orientation By Color Coding Design Requirements

Thg following reguirements apply to the use of color for location and orientation

coding:

a. Colors - The colors selected for coding shall be consistent with the require-
ments in Paragraph 9.5.3.2.i, Color Coding.

b. Consistency - If color is used for Jocation coding purposes, the colors shall
have the same operational significance throughout the space module and
shall be consistent in application.

¢. Space Module Lighting - Exterior Iiﬁhtin for orientation coding of space
module shall be in accordance with the following practices:

1. Color code - The colors shall follow the code in Figure 8.5.3.3-1

2. Lampintensity - Minimum lamp intensity is cited in Figure 8.5.3.3-1. These
intensities assume color recognition at 600 meters (2000 feet). If greater
recognition distances are required, then luminous intensities shall be
increased accordingly. The intensities are to be measured 30 degrees off
the centerline of the cone of radiation.

3. Chromaticity - The chromaticity of sg:aoe module lights shall be as defined
in Figure 8.5.3.3-1 and MIL-C-25050.

8.5.3.4 Location Coding With Placards Design Requirements

A space macdule shall have markings to provide the crew with equipment and
compartment identification, and directional and spatial crientation information.
The specific requirements for location coding placards are as follows:

a. Map - A map of location codes shall be provided at the enfrances to areas
where the coding scheme is not obvious fo the crewmember or for areas in
which there is a significant amount of preparation activity such as stowage,
adjustment, or maintenance of items.

b. Placards on Movable ltems - Movable items and their stowage locations shall
bﬁ labeled as necessary to ensure the item is returned to the proper location
after use.

c. Control Room Placards - Control rooms shall have placards which identify
the room and the control station within the room.

d. Directional Dqsi%nation - A visual cue shall be provided to allow the crew-
member to quickly adjust to the orientation of the crew station.

(Refer to Paragraph 8.4.3 Orientation Design Requirements, for additional
information concerning orientation requirements.)

e. Markings - Label and placard format and markings shall meet the require
ments In Paragraph 8.5, Labeling and Coding.
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8.6.3 Envelope Geometry Design Requirements

Figure 8.6.23-1 has been included fo illustrate accommodation of the body
motion envelope of the 95th percentile american male

Activity Estimated volume
_ reguiraments (35th
No activity ~ petcentile male]
static in neutra)
body posture
(micragravity
conditions)
in

Voiume = 0.88 eubic meter

{31 cube feer)

N \, B0

Figure 8.6.2.3-1 Approximate Dimension Required to Accomodate
the Body Motion Envelope of the 95" Percentile American Male

MSIS 62
10f2
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Maximum 1-g
unrestrained
clothing

100 cm
don/doff i
envelope = (398 i)
220 cm 170 cm
{B8.5 in} (67 in)
Volume= 2.96 cubic meters {104 cubic feet)
Controlled
tumbling Spherical diameter=
in all planes s/ 122 cm (48 in)

{microgravity)

(Very approximate)

Volume= 1 cubic meter (35 cubic feet)

Figure 8.6.2.3-1 Approximate Dimension Required to Accomodate
the Body Motion Envelope of the 36th Percentile American Male
{Continued)

MSIS 92
20f2
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8.8.3.1 Crew Station Body Envelopes Design Requirements

The following are requirements for crew station body envelope geametry:
a. Adequate Volume

b. Accessibility

¢. Full Size Range Accommodation

8.6.3.2 Tota! Module Habitable Volume Design Requirements

8.7.3 Traffic Flow Design Requirements

8.7.3.1 Overalt Traffic Flow Design Requirements

8.7.3.2 Congestion Avoidance Design Requirements

Traffic congestion shall be avoided. The following methods shall be taken to avoid
congestlon:

a. Reduce the Need for Traffic

b. Alternate Paths

c. Proper Scheduling

d. Reduce Congestion Due to Large Volume Transfer

e. Reduce Cross Traffic

f. Translation Path Size

8.7.3.3 Noninterference with Other Activities Design Requirements
8.7.3.4 Emergency and Escape Route Design Requirements

The design for traffic flow shalt take into account the possibility of a space module
or subsystem failure or damage that could require evacuation. Specifically, the
following requirements apply:

a. Escape Routes and Isolation Areas

b. Dual Escape Routes

¢.  Protection of Entry/Exit Path

d. Escape From Crew Stations

e. Emergency Rescue and Returmn Route
f. Dead End Corridors

g. Emergency Regulation and Routes
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8.8.3 Translation Path Design Requirements
8.8.3.1 Minimum Translation Path Dimensions Design Requirements

Minimum cross sectional dimensions of microgravity translation paths for one
crewmember in light clothing are shown in Figlre 8.8.3.1-1. Translation paths
that must accommodate more than one crewmember shall be enlarged by
multiples of the single person dimensions.

Pass-through

81 cm
(32 in)

Standard Passageway (32 in)

Figure 8.8.3.1-1 Minimum Translation Path Dimensions for
Microgravity, One Crew Member In Light Clothing

MSIS 213
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8.8.3.2 Clearances Design Requirements

In addition to the minimum dimensions ﬁive_n in Paragraph 8.8.3.1, translation
paths shall be designed to provide the following clearahces:

a. Equipment or Package Clearances

b. COrientation and Directional Change Clearances

8.8.3.3 Translation Path Obstructions and Hazards Design Requirements
The following translation path obstructions and hazards shall be minimized:

a. Injury or Damage From Translation Path Surface

b. Damage to Nearby Equipment

c. Collisions at Intersections

d. Obstructions and Entanglements

8.8.3.4 Marking of Translation Paths - Design Requirements

Emergency translation paths shall be marked in accordance with MIL-A-251658.
8.9.3 Mobility Aids and Restraints Design Requirements

8.9.3.1 WA Mobility Aid Integration Design Requirements

The following are requirements for integration of fixed IVA mobility aids into the
space medule architecture:

a. Translation Path Locations

b. Orientation Requirements

c. Noninterference

d. Contingency Space Suited Operations

8.9.3.2 VA Restraint Integration Design Requirements

The following are requirements for integration of fixed IVA restraints into the space
module architecture:

a. Crew Stations

b. Areas Where High Force Application is Required
¢. Space Medical Facility

d. Undesirable Areas

e. Noninterference

8.10.3 Hatch and Door Design Requirements

8.10.3.1 Location Design Requirements
Hatches and doors shall meet the following location requirements:

a. Internal Door Placement

b. Away From Hazards

c. Emergency Passage
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8.10.3.2 Pressure Hatch Indicator/Visual Display Design Requirements

Pressure hatch covers shall have the following visual displays and indicators:

a. Visual Inspection of Hatch Security - A means shall be provided on both sides
ofthe p;ressure hatch for visual safety check to ensure that it has been secured
properiy.

b. Remote Status Display

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

d. Windows - All airlock hatches shall have windows for visual observation of all
decompression operations with a minimum of blind spots inside the airlock.

(Refer to Paragragh 11.11.3, Window Design Requirements, for detailed
window design specifications.

e, Operating Instructions - All pressure hatches shall display operating proce-
dures an both sides of the hatch.

(Refer to Paragraph 9.5.3.1.8, Operating Instruction Design Requirements.)
8.10.3.3 Opening and Closing Mechanisms Design Requirements

The hatch and door opening and closing mechanisms shall meet the following
design requirements;

a. Emergency Operation - Latching mechanisms shall provide for emergency
operation in case of a latching system failure.

b. EVA Operation - All opening/closing mechanisms shall be operable by a
pressure-suited crewmember.

c. Operation From 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 shall be capable of being operated
by one crewmember.

f.  Parts Tethering - All safety pins or other detachable parts required for the
opening/closing shall be tethered and able 1o be stowed.

g- Emergenp\A Closing - Hatches and doors shall allow crewmembers to close
covers with or against pressure differentials, for the worst case pressure
differential anticipated.

h. Rapid Closing - Hatches used to isolate interior areas of the space module
shall be desighed to allow rapid closing.

8.10.3.4 Operating Forces Design Requirements
Hatch and door cover operating forces shall meet the following requirements:

a. Emergency Ogaeration - Forces for emergency manual backu? operation or
hreakaway o H’gmmed internal hatches and doors shall not exceed 445
Newtons (100 Ibs).

b. Latch Operations- The force required to operate doorand hatch latches shali
not exceed the strength of the weakest of the defined crewmember population
strength range.

((iRtefe)r to Paragraph 4.9.3, Strength - Design Requirements, for strength
ata.

8-10




d. Compatibility With Adjacent Area - Crew stations and activities around the
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c. Open/Close Force - Normal openingand closing forces for internal doars shall
not exceed 22 Newtons (5 Ibs).

d. Restraints - Restraints shali be provided as necessary to counteract body
movement when opening or closing the hatch,

8.10.3.5 Minimum Size Design Requirements

Personnel hatch and door opening size shall be as large as practical. The hatch
or door opening shall be free of protrusions which might injure personne| or
damage equipment. The minimum size of these openings shall accommedate

passage of the Iarﬂest 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-sealing hatches shall be shaped such that they can pass
through the opening into which they are designed te fit/seal to allow for removal,
maintenance, repair, relocation, etc.

8.11.3 Window Integration Design Requirements

The following are requirements for the architectural integration and design of
windows:

a. Required Windows - Properly located and sized windows shall be provided
for the following functions:

1. Off duty recreational viewing by the crewmembers.
2. As necessary for interface with EVA activities.

3. To support proximity cperations.
4

. To support external inspection of adjacent modules, structures, and/or
other spacecraft.

w

. As necessary for scientific celestial or Earth observations.

8. For observation of decompression through airflock and pressure hatch
covers. Windows shall be located and configured with minimum blind
areas inside the decompression area. Windows shall allow a 90° field of
view for an eye reference point located along a normal to the window
opening. This normal passes through the gieometpc center of the open-
ing. This reference point shall be located half the window opening dimen-
sion from the inner pane.

b. Adequate Space Around Windows - The arrangement of equipment near the
windows shall allow adequate space for the performance of designated
operational, maintenance, and recreational tasks by the largest ofthe defined
crewmember population size range.

c. Restraints - Restrainls shall be provided in microgravity conditions when
necessary for window task performance.

window location shall be com?a!ible with the use of the window. This
compatibility shall include the following:

1. Lighting - Provisions shall be made to preclude degradation of the
Ferformance of the window viewer or surrounding crew activities by
he lighting environment,

2. Traffic - Traffic at the window area shall not degrade the performance)
of the window viewer or activities at adjacent crew stations,
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8.12.3 Interior Design and Decor Design Requirements
8.12.3.1 Aesthetic and Psychological Requirements
8.12.3.2 Decor Flexibility

8.12.3.3 Color Selection

8.12.3.4 Decor Cleaning and Maintenance

8.12.3.5 Decor Durability

8.12.3.6 Safety

8.13 LIGHTING

8.13.3 Lighting Design Requirements

8.13.3.1 tlumination Level Design Requirements
8.13.3.1.1 General Interior lllumination Levels Design Requirements

The ?eneral ilumination of Space Station Freedom shall be a minimum of 108
tux {10 foot-candles) of white light.

(Referto Paragt;raph 9.2.2 2.1, Workstation llumination Design Requirements, for
specific workstation task lighting requirements.)

gRefer to Paragraph 14.4.3.3, EVA Workstation Lighting Design Requirements,
or EVA lighting requirements.)

B.13.3.1.2 lllumination For Specific Tasks Design Requirements

The lighting level shall be measured on the primary work surfaces visual interface
or 30 inches above the floor where appropriate. Measurement shall be taken at
80% of maximum power.

Specific VA task lighting requirements are defined in Figure 8.13.3.1.2-1 which
also defines illumination levels for workstations. EVA lighting requirements are
in Paragraph 14.4.3.3, EVA Workstation Lighting Design Requirements.

8.13.3.1.3 Nlumination Levels of Sleeping Areas Design Requirements
The foltowing requirements apply to the illumination of sleeping areas:

a. The lighting level shall be adjustable from "off" to the maximum for sleeping
areas.

b. Minimum lighting of 30 Lux (3 ft. cd), or other means of visual orientation shall
be provided to permit emergency egress from sleeping areas.

8.13.3.1.4 illumination Levels for Dark Adaptation Design Requirements

If maximum dark adaptation is required, red light or low level white Iightin? [CIE
color coordinates for X and y equals 0.330 +- 0.030 (1932))] is acceptable, All

trans-illuminated displays and controls shali be visible when all other lighting is
turned off.

When dark adaptation is required for performance of tasks, the following meas-
ures shall be taken:

a. Low Level Lighting - Low level lighting shall be provided for task performance
which minimizes loss of dark adaptation.
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Area or Task

GENERAL

PASSAGEWAYS
Hatches
Handles
Ladders

STOWAGE AREAS

WARDROOM
Reading
Recreation

GALLEY
Dining
Food Preparation

PERSONAL HYGIENE
Grooming
Waste Manacement
Shower

CREW QUARTERS
Reading
Sleep

HEALTH MAINTENANCE
First Aid
Surgical
I.v, Treatment
Exercise
Hyperbaric

clinical lab
Imaging televideo

WORKSTATION
Maintenance
Controls
Assembly
Transcribing
Tabulating
Repair
Panels (Positive)
Panels (Negative)
Reading

NIGHT LIGHTING

EMERGENCY LIGHTING

LuX

108

54
108
108
108

108

215
538
323

215
269
323

108
269
164
269

108
323
54

215
269

1076

807
538

538
538

323
269
215
323
538
538
323
215

sS4
538

21

32

(Ft. G.)

(ra)

(8)

(10)
(10)
(10)

(10}

(20)
{50}
(30}

(20}
{25)
(30)

(10}
{25)
(15)
(25)

(10}
(30}
(3}

(20)
(25)
(100)
(75)
{50)

(50)
{50

(30)
{25}
(20)
{30)
(30}
{50)
(30)
(20)
(3)

t50)

(2)

{3)

Note:

Levels are measured at the task or 760 mm (30 in) above floor,

All tevels are minimums.

Figure 8.13.3.1.2-1 Space Vehicle lllumination Levels

MsIS

291
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Protection From Stray Light - Areas requiring low level illumination shall be
protected from external light sources,

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

2. All doorways shall be lightproof when closed.

8.13.3.2 Light Distribution Design Requirements

8.13.3.2.1 Glare From Light Sources Design Requirements

The following measures shall be taken where possible to avoid giare from artificial
light sources.

Light Sources in Front or to the Side of Operators - Locate light sources so
that they do not shine directly at the operator. This includes the range within
60%to any side of the center of the visual field.

Source Brightness and Quantity - Use more relatively dim light sources, rather
than a few very bright ones.

Glare Protection - Use polarized light, shields, hoods, lens, diffusers, and/or
visors to reduce the glare.

Indirect Lighting - Use indirect lighting wherever possible.
Luminance Ratia - The luminance ratio for the luminaries shall not exceed

5.1 maximum to the average over the viewing area {average luminance is six
readings on the luminance area).

8.13.3.2.2 Reflected Glare Design Requirements

a.

Luminance of specular reflectance from the task background shall not be
greater than 3 times the average luminance of the immediate background.

Luminance of specular reflectance from a remate task shall not be greater
than 10 times the average luminance from the remote background.

Surface Reflection - Work surface reflection shall be diffused and shall not
exceed 20 percent specularity.

Angle of Incidence - Arrange direct light sources so their angle of incidence
to the visual work area is not the same as the operator's viewing angle.

Palished Surfaces - Avoid placement of smooth, highly polished surfaces
within 60° of normal to the operator's visual field.

Light Source Behind Operator - Do not place bright light sources behind
operators so that eyeglasses or display faces can reflect glare into the
operator's eyes.

8.13.2.2.3 Brightness Ratio Design Requirements

a.

Wall surface average [uminance shall be within 50-80% of ceiling surface
average luminance.

The maximum and minimum luminance ratio for any individual surface shall
not exceed 10:1.

The brightness ratios between the Ii%htest and darkest areas and/or between
tsa?lé grée% ?nd surroundings shall be ne greater than specified in Figure

8- 14
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Environmental classification?®
Comparison

A B C
Between [jghter surfaces
and darker sutfaces 5to} Btol 510
within the task
Betvween tasks and adjacent 1o 1
darker surroundings 3t 3w 5to
Between tasks and adjacent
tighter surroundings 1to3 1te3 Tta$
Betwsen tasks and more 1010 1 20 to 1 b
remaote darker surfaces
Between tasks and more
remote lighter surfaces 1210 Tro20 b
Between luminalres and
adjacent surfaces o1 b b
Between the immediate work
area and the rest of the a0 to 1 b b
anvironment

Notes:

* A- Interior areas where reflectance of entire space can be
controlled for optimum visual conditlons.

B. Areas where reflectance of immediate work area can be
controlled, but there is only limited control over remote
suraundings.

C- Areas (indoor and cutdoor} where it is completely impractical
to contral reflectances and difficult to alter environmental
conditions.

* Brightness ratio control not practical.

Figure 8.13.3.2.3-1 Required Brightness Ratios

MBS 224




8.13.3.3 Light Color Design Requirements
Artificial fight shall meet the following color requirements:

8.13.3.4 Lighting Fixtures and Controls Design Reguirements

The following design requirements apply to lighting fixtures and their controls:
a.
h.
c.
d.
e.
8.1.3.3.5 Medical Lighting Requirements

a,

NASA-STD-3000/VOLIII

White Light - Work areas of Space Station Freedom shall be illuminated with
white light. Celor temperature shall be 5000°K or greater for fluorescent
lighting and greater than 3800°K for incandescent lighting.

Color Temperature Variation - Light sources shall have a correlated color
temperature within the visual field of 300°K when operated at maximum
power.

Color Rendition - Unless otherwise specified the minimum CIE general color
rendering index (Ra) of any light source shatl be 90 or better, with no special
index (Rg of any one test color sample less than 70.

See Paragraph 9.5.3.2 ] for color coding information relative to illuminated
displays.

Emergency Lights
Controls

Flicker

Fixture Protection

Portable Lights

Habitation Module and Hyperbaric Chamber Ambient Light Requirements:
1. The light intensity shall be as specified in Figure 8.13.3.1.2-1.

2. The minimum (contingency) illuminate needed for patient treatrment s 500
lux (46 ft. cd.).

3. The light source shall have a color Temperature of 5000°K._If filament
lamps ;ire used for light sources, color temperature shall be 4200% Kelvin
or greater.

4. Color temperature match and uniformity shall be in accordance with
paragraphs 8.13.3.3band 8.13.33¢.

Surgical Lighting:

1. The surgical light will double as a dental light.

2. Reguirements of §.13.3.5a.3 and 8.13.3.5 a.4 also apply for surgical light.

3. The maximum illuminate to support surgical procedures shalt be 4000 lux
maximum (872 & c;? to the center of a surface area of 500 square
centimeters (77.5 in“) located 147 cm (5 ft.) from the work area.

4. The illuminate may taper from the center of the paltern to the edge no
more than 20% of the maximum illuminate.

5. The luminaries must be directable through a complete hemisphere.
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6. The luminaries must be focusable from a paftern diameter of 45 cm (18.5
in) down to 5 cm {2 in).

7. Shadows in the surgical field shall be minimized by luminaries design.

8. Radignt energy in the spectral region of 800 to 1000 nm shall be mini-
mrzed.

Clinical Laboratory Workstation Lighting - The minimum illuminate at the
workstation surface shall be as specified in Figure 8.13.3.1.2-1.

Imaging Lighting:
1. Requirements 8.13.3.5a.3and 8.13.3.5a.4 also apply te imaging lighting.

2. The minimum illiminate to provide adequate lighting for televideo systems
is given in Figure 8.13.3.1.2-1.

8.13.2.6 Workstation lllumination Design Requirements

a.

lllumination - Workstation illumination shall be determined by the tasks to be
accomplished. lllumination requirements are given in Figure 8.13.3.1.2-1.

Adjustable lllumination - Workstation illumination shall be fully adjustable
down at OFF.

Supplementary Lighting - Portable Iigi(htin shall be available for use when
additional lightting fs required at a workstafion.

Light Distribution - lllumination shall uniformly cover the entire work/display
area. The minimum ratio for differences in ilflumination within a work area
shall meet the following specifications.

1. Primary viewing areas ﬁ30 o 60 degree visual angle about primary lines
of sight} - Mainfain a 3:1 ratio.

2. Adjacent viewing areas (30 to 60 degree band surrounding primary
viewing areas) - Maintain a 5:1 ratio.

3. Workstation area outside "adjacent viewing areas" - Maintain a 10:1 ratio.

Shadows - Placement for lighting sources shall be such that shadows are not

created on working surfaces or information disptays by normal positioning of

crewmembers or equipment,

Reflections - Li htin? sources shall be desi?ned and located to avoid creating
T

reflections or glare from workinﬁ and dis aK surfaces, as viewed from any
working position that might interfere with task performance.

8-17




NASA-STD-3060/VOL.III

NOTES

8-18




l NASA-STD-3000/VOL1IK
l NOTES
l 8-19






NASA-STD-3000/VOL.III

9.2.2.2.1 Workstation lllumination Design Requirements
Requirements pertaining to workstation illumination in 8.13.3.6.
9.2.2.2.2 Congestion and Interference Design Requirements
9.2.2.2.3 Orientation Design Requirements

9.2.2.2.4 Workstation Color Desigh Requirements

(Refer to Paragraph 9.5.3.2 i, Color Coding, for related information.}
a. Color Selection - Neutral colors shall be used in workstations.
h. Reflections - Workstation surface colors shall be lusteriess,

c. Controls:

1. Controls shall be black or grey unless special functions dictate other-
ENIS? (e.g., emergency evacuation controls are striped black and yel-
ow).

2. Toggle switch handles shall have a satin metallic finish.

3. Contr%l colars shall provide good contrast between controls and back-
ground.

d. Panel Color Finish - The Eanel color shall provide geod cantrast be-
tween the labels and background. Label/background colors shall be con-
sistent within a functional area.

e. Consoles and Pedestals - The color of structural members of control
consoles and pedestals and overhead mountings for control units shall
he consistent with surrounding areas.

f.  Meter Bezels - The meter bezels shall be the same colar specified for
the particular panel on which the meter will be used.

9.2.3.2.1 Control Spacing Design Requirements

a. Normal Spacing - Minimum and preferred spacing for different types of
controls are shown in Figure 9.2.3.2.1-1 for the ungloved condition,

b. Gioved Operation - All space modules shall have those confrols neces-
sary for maintenance and recovery following a depressurization oper-
able by a space-suited crewmember.

ERefer to Paragraph 14.4,3, EVA Control and Display Design Requirements,
or specific requirements.)

9.2.3.2.2 Display Readability Design Requirements
a. Accessibility - Displays shall be visually accessible.

b. Parallax Error - Displays shall be located so that they can be read from
the design eye point with no discernibie parallax.

¢. Qrientation - Display faces shall be perpendicular to the operator's line-
of-sight whenever feasible. The angle between the line-of-sight and the
normal to the display shall always be [ess than 30 degrees.
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Rotary Switch

EE;] i 20 mm {0.8 in) min
o r40 mm (1.6 in) preterred

25 mm i1in) min

@ 35 mm 11.4 in} pretered ﬂ@ @ ﬂ

__t -l 25 mm (1 n} min

25 mm (1 in) min 35 mm (1.4 r) preferred
35 mm (1.4 in} preferred

N7 Thumbwheel
@ "] & mm (0.2 in} min
10 mm (0.4 in) prefeered
28 mm {1} in) min
'-‘—'-1 ‘-‘-‘1'35 mm (1.4 in) prafarrec ﬂ ﬂ, ,E, ﬂ
@ D@U @ ‘I l—- 15 mm {0.6 im min

30 mm (1.2 in} prefarred
Rotary Controls '

|~—~—|‘ 20 mm (2.8 in] max yaméis o —_l@r
7 0
(@ O
20 mm 10.8 in} mun —I—v—‘-l @.|..J
2.5 mm {0.1 inl min

Pushbuttons

Barrier Guards

5mm {2 in) min

10 mm (0.4 in) preferred
N
QB0

-—-j L- 10 mm (0.4 in} min 15 mm (0.6 in} min
26 mm {1 in) preferred 25 mm {1 in) preferred

5 ma1 §0.2 in} min
10 mm [0.4 in) preferred

Spacing Required Between Swith Controls

Figure 9.2.3.2.1-1 Control Spacing Requirements for Ungloved
Operation

MSIS 256
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d. Simultaneous Use - A visual display that must be monitored concur-
rentlg with manipulation of a related control shall be located so that it
can be read to within required acecuracy while adjusting the control.

e. Display Functionality - Displays shall provide positive and unambigu-
ous indication of system state (e g., a light indicating "power on", a
blinking cursor indicating "ready"). These positive indications shail be
used consistently throughout the 'space madule.

9.2.3.2.3 Control/Display Grouping Design Requirements

a. Functional Grouping - Displatys and/or controls that are functionally related
shall be located in groximity to one another - arranged in functional groups
{e.g., power, status, test).

b. Sequential Grou,)mg.- When a unique sequence of control actions exists,
the controls and/or displays shall be arranged in relation to one ancther ac-
cording to their sequence of use. Within a functional grqur), the sequence

shall be from left to right or top to bottorn whenever feasible,

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

If controls are not to be utilized in any specific sequence, then consider ar-
rangt;inf;_them by importance with the most important or frequently used
control in the most accessible position.

d. Functional Group Markings - If several functional groupings of disptays and
controls are placed in close proximity on a control'panel, an effective
means of diseriminating between them shall be provided {e.g., calor cod-
ing or outlining).

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

f.  Vertical and Horizontal Arrays - If a horizontal row of displays must be as-
sociated with a vertical column of controls or vice versa, the farthest left
itemn in the herizontal array shall correspond to the top item in the vertical
array ]etc. However, this Yype of arrangement shall be avoided whenever
possible.

g. Multiple Displays - When the manipulation of one control requires the read-
ing of several displays, the cantrol shall be placed as near as possible to
me relattecll displays, but not so as to obscure displays when manipulating

e control.

h. Separate Panels - When functionally related controls and disptays must be
located on separate panels and both panels are mounted at approxlmateir
the same angle relative to the operator, the control positions on cne pane
shall correspond to the associated display positions on the other panel.
The two panels shall not be mounted facing each other. Centrols and dis-
plays on separate panels are discouraged.

9.2.3.2.4 Preferred Control/Display Location Design Requirements

a. Display Location - The most important and frequently used displays shall
be located in a privileged position in the optimum visual zone, providing
that the integrity of%oupin%ty function and sequence is not compro-
mised. See Figure 8.2.4.2.2-7 for a definition of this zone.

b. Control Location - The most important and frequently used controls shall
have the most favorable position with res[Ject fo ease of reachir%g and
grasping ‘partlc_:u!ariy rotary controls and those regumng fine setlings), pro-
viding thg the integrity of grouping by function and sequence is nof com-
promised.
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¢. Multi-G Control Placement - Special attention shall be paid to the place-
ment of controls which must be used while the crewmember is subject to
either prolonged or transitory acceleration forces above 2-G.

1. In general, these controls shall be located so that the operator's limb is
always in contact with the control (i.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 linear contrels whenever
possible,

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

5. Hand controls shall be placed so that when the shoulder, elbow, forearm,
and wrist are su %orte the following minimum movements can be made:
MOVEMENT Al ELERATION - Arm Up to 4-G, Forearm Upto 5-G, (9-G
if arm Is counterbalanced), Hand Up to 8-G, and Finger Up to 10-G.

d. Control/Display Relationships:

1. The relationshi?s of a control to its associated display and the display o
%he control shall be immediately apparent and unambiguous to the opera-
or.

2. Controls shall be located adjacent to their associated displays and posi-
tioned so that neither the control nor the hand normally used for setting
the control will obscure the display.

9.2.3.2.5 Consistent Control/Display Placement Design Requirements

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

b, Mirror Images - Mirrer image arrangements shall not be used.
8.2.3.2.6 Maintenance Controls/Displays Design Requirements

Controls and displa_gs used solely for maintenance and adjustments shall be
covered or non-visible during nofmal equipment operation, but shall be readily
accessible when required.

g?efer to Section 12.0, Design for Maintajnability, and Paragraph 9.2.3.2.1b,
loved Operation, for additional information.}

9.2.3.2.7 Emergency Control/Display Placement Design Requirements

(Referto Paragra&:h 9.4.4.3, Caution and Warning System Design Require-
ments, for related information.}

a. Emergency Con!roIlDisFlay Placement - Emergency displays and controls
shall be located where they can be seen and reached with minimum detay.

b. Computer-Generated Emergency Disdpla_ys - Emergency information de-
picted on existing computer-controlled displays shall be sufficiently con-
spicuous {o attract the user's attention consistently.
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9.2.3t.2.8 Control/Display Movement Compatibility Design Require-
ments

a. Consistency of Movement - Controls shall be selected so that the direc-

tion of movements of the control will be consistent with the related
movement of an associated display, equipment component, or vehicle
(except as noted in "b" below). it must be borne in mind that in some
situations, as in the case of a video camera being mounted on the wrist of
a remote manipulator arm, logical movement will dictate that movement of
the display not be in the same direction as movement of the control. This
_dictattes th'itilfn any controlfdisplay system which is likely to be used in con-
junction wi

another system needing such a “reverse” motion capability be desi%ned to
accommotdate same in any direction in which the display can indicate
movement.

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

1. Maintain consistency with other systems.

2. Maintain a natural association between control and system movements.
Forexample, forward motion of a directional control causes some vehicles
to dive or otherwise descend rather than to-simply move forward.

c. Conflict Avoidance - When several controls are combined in one control ac-
tivity, caution shall be exercised to ayoid a situation in which similar move-
ment of different controls resulfs in different systems responses {e.g.,
control motion to the right is compatible with élockwise rall, 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 he arranged to facilitate con-
sistency of movement.

e. Movement Direction - When a rotary control and linear display are in the
same plane, the part of the control ar#'acent to the display shail 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 con-
trol movement required.

g. Time Laﬂw- The time lag between the response of a system fo a control in-
put and the display presentation of the response shall be minimized, con-
sistent with safe and efficient system operation. VWhere such time delay
exceeds acceptable limits, the action of the control shall be appropriately
modified (by force feedback or other means) to avoid overcontrol.” Immedi-
ate feedback for operator entries shall have not more than a .2 sec delay.
Simple requests for data shall be carried out more rapidly than 5tc 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 ac-
knowledge a control input immediately and provide periodic updates show-
ing the progress of the processing.

(Refer to Paragraph 9.6.2.9.2.d and 9.6.2.9.2.e, Response Time, for rec-
olmme)nded system response times for interactive computer-generated dis-
plays.

9.2.3.2.9 Control/Display Movement Ratio Design Requirements

a. Adjustment Time - Control/display ratios for continuous adjustment con-
trols shall minimize the total time required to make the desired control
movement (i.e., slewing time plus fine adjusting time) consistent with dis-
play size, tolerance requirements, viewing distance, and time delays.
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b. Range of Display Movement:

1. When a wide range of display element movement is rec;uired, small
n"tovem?nt of the control shall vield a large movement of the display
element.

2. When a small ranﬁue of display movement is required, a large movement
of the contro! shall result in a’small movement of the display, consistent
with accuracy requirements.

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

d. Bracketing - When bracketing is used to locate a maximum or minimum
value (erq., as in tuning a transmitter), the control knob shail swing through
an arc of not less than 10 degrees 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 counters are provided, the control/display ratio shall be
such that one revolution of the knob produces approximately 50 counts.

9.2.3t.2.10 Control/Display Complexity and Precision Design Require-
ments

§.2.4.2 Human/Workstation Configuration Design Requirements
9.2.4.2.1 Workstation Anthropometric Design Requirements
9.2.4 2.2 Visual Space Design Requirements

a. Viewing Distance:

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

When using a VDT, a minimum viewing distance of 410 mm (16 in.) shall
be provided. The recommended distance depends on the detail and
resolution of the display, but would generally be ﬂreater than 410 mm (16
in.). When periods of scope observation will be short, or when dim signals
mL;St be detected, the viewing distance may be reduced to 250 mm (10
in.).

2. Maximum - The maximum viewin% distance to displays located close to
their associated controls is limited by reach distance and shall not exceed
710 mm (28 in.). For other displays, there is no maximum fimit, 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 bod)é position and
varies as a function of gravity level as shown in Figure 9.2.4 2.2-1.

c. Field of View - The field of view for a particular observer position is deter-
mined by eye and head movements.

1. The ege movement cemponent for micregravity and 1-G is shown in Figure
924222 (Note that the field of view is measured with respect to the
shown in Figure 9.2.4.2.2-1.)

2. The head movement component for 1-G is shown in Fi?ure 9.2.422-2.
Microgravity head_movement data are not yet available and probably
differs from 1-G.

d. Visual Distractions - Workstations shall be designed so that stimuli distract-
ing to the operator are minimized.




NASA-8TD-3000/VOL.1IL

/--.. 24.5° (+5.19)

Horizontal reference

Vertical
reference’

i

et

One.q ]
Yo, oot q0°

I‘Qh i
{Vf%w
lany 14.7° (*2.4%

a

Figure 9.2.4.2.2-1 Line-of-Sight for One-G and Microgravity

MSIS 227




NASA-8TD-3000/VOL.1II

0..
15° 15°
Optimum Optimum
36° 36°
Maximum / Maximum 40° Maximum
p— /
*j' 15° Optimum
L]
/ N
uD
Maximurn 156° Optimum
Eye Movement Range
0° Optimum

€5° Maximum

| A&/
80° Ma)um{ ; Maximum —g

ot lin
sr..:,,
"'sh

o°

35° Maximum
Head Movement Range
{One-G Conditions)

Figure 9.2.4,2.2-2 Eye and Head Movement Ranges
{Line-of-Sight Depends on G-Level)

MSIS 228




NASA-STD-3000/VOL.III

9.2.4t.2.3 Workstation Restraints and Mobility Aid Design Require-
ments

%Refer to Paragraph 11.7.2.3, Personnel Restraints Design Requirements,

or specific design requirements relating to different types of restraints.)

a. Neutral Body Posture - The neutral body posture (see Figure 3.3.4.3-1)

shall be used in the design of microgravity restraints. For short Eeriods of
gmg, sg nificant variation from neutrail body posture are acceptable but not
esirable.

b. Freedom of Movement - A workstation restraint shall allow the users within

the defined anthropometric range to reach all required controls and view
all r?qmred displays without having to assume uncomfortable or awkward
postures,

1. Eye Position and Reach - Restraints shall be adtjustable s0 as to achieve
the best compromise between eye position (relative to displays)and reach
(relative to controls) for crewmembers of differing heights.

2. Adjustment of position shall be rapid and convenient, preferably without
crewmembers having to exit restraint.

c. Required Restraint Placement - Foot, waist, or other restraint systems

shall be located at all IVA workstations that require a crewmember to per-
form the following types of tasks.

1. Long-term visual monitoring.
2. Extensive manipulations requiring the use of both hands.

3. Any task that requires the body position to be controlled.

d. Stability - As required, workstation restraints shall provide stability suffi-

cient for:
1. Viewing fine detail.
2. Making fine manuat adjustments.

3. Exerting necessary force on controls without causing excessive body
displacement.

4. Executing continuous control movement when required.

e. Handholds and Handrails - Workstation handholds and handrails shall

meet the following requirements:

Refer to Paragraph 11.8.2.2, Handhold and Handrail Design Require-
ments, for additional requirements.)

1. They shall aid in the translation and stability of crewmembers already in
foot or other restraints.

2. They shallallow unrestrained crewmembers access to workstation opera-
tions to the extent feasible.

3. Thedph_Ysical dimensions and layout of the workstation handholds and
handrails shall conform to the characteristics of the specific population of
users for whom the system is to be designed.

4, They shall not obstruct visual or physical access to workstations.

5. They shall accommadate multiple personnel as required.
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f.  Equipment Restraints - Equipment restraints shall be provided to anchor
every itemn of use that is not permanently attached to the workstation.

(Referto Paragraph 11.7.3, Equipment Restraints.)
9.2,5.1.2 Window Workstation Design Requirements

(Refer to Paragraph 11.11, Windows, for requirements an the optical proper-
ties of windows as they aptpty to both humans and optical instruments, protec-
tion of humans from harmful' window-related radiation, and the protection and
maintenance of windows.)

a. Field of View:

1. Design Eye Volume - The required field of view for a window workstation
shall be attainable with the observer's eye position located anywhere
within a specified design eye volume.

b. Window Shape - Rectangular rather than round viewing areas shall be
used on windows whenever feasible. The purpose is to provide orientation
cues for crewmember body pesition and/ar extravehicular abjects relative
to the space modute.

¢. Multi-Observer Windows - When feasible, windows shall accommodate
more than one observer. Window shape and work area layout shall be de-
signed to this end.

d. Shielding:

1. Luminance control - The capability to reduce window transmissivity
through the addition of neutral filtering shall be provided. This shall allow
g;rewmembers to work comfortably with extravehicular luminance condi-
fons.

2. Complete closure - The capability to completely block light transmittal
- through a window shall be provided.

3. Sun Shades - When necessary, sun shades shall be provided. These
shades shall be adjustable unless otherwise specified.

e. Color Discrimination - Windows used for making color discriminations shall
possess neutral spectral transmission so that perceived target object hues
are not altered.

f.  Cleaning - Inside window surface shali be easily cleaned without damag-
ing window,

{Refer to Para%raph 11.11.3.4, Windew Maintenance Design Require-
ments, for additional infermation on window maintenance.)

9. Refieclions - Workstation and work area design and Iigfhting shali minimize
reflections from the window to the lowest feasible level.

(Refer to Paragraph 11.11.3.2, Visual Protection Design Requirements, for
information on antireflection techniques.)

h. Dark Adaptation - When dark adaptation is required at a window worksta-
fion, the workstation area shall allow dimming of lights to the required level
without unduly interfering with other space module activities.

i.  Disptay Shielding - Disdplays shall be shielded from sunlight entering the
window or be designed to'be legible in sunlight.

j.  Control Placement - Control placement and design shall allow crewmem-
bers to assume a position relative to the window that optimizes viewing
conditions through the window.

k. Restraints - The design and placement of window workstation restraints
shall allow up to four continuous hours of comfortable use.

9-10
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9.2.5.2.2 Maintenance Workstation Design Requirements

a.

Layout/Construction Requirements:

1. Location - The maintenance workstation shall be located in an easily
accessible area.

2. Equipment size capability - The maintenance werkstation shall be sized
to accommodate the maximum-sized replacement unit/system that may
require repair or maintenance.

3. Transparent Surfaces - All ransparent surfaces (e.g., displays, windows,
efc.) shall be scratch/mar resistant, antifog and anti-icing where possible,
and shatter resistant.

4. Capabilities - The maintenance workstation shall be configured to support
operational electrical, mechanical, vacuum, and fluid system corrective
and preventive maintenance.

a) The maintenance workstafion shalt have ?eneral purpose diagnostic
equment and shall accommodate special purpose diagnostic equip-
ment.

b) The maintenance workstation shall be ecﬁuipped with a set of hand tools
and with general purpose test and ancillary equipment and shall have
ample stowage space for such toals, equipment, and supplies.

¢) The maintenance workstation shall be developed with consideration being

?;ve_n toward providing capabilities for perfarming minor contingency

brication tasks, including but not limited to tuming, bending, forming,
drilling, and bonding

5. The maintenance workstation shall be focated in such a position that it
will be convenient to accommodate extra-vehicular ORU's which must be
maintained or serviced inside the pressurized volume.

Contamination:

(Refer to Paragraph 13.2.3, Housekeepin% Design Requirements, for addi-
tional information on contamination control.)

1. Cleaning:

a) Exposed surfaces shall e designed to provide for easy cleaning. Crev-
ices and narrow openings which can collect liquid or particulate matter and
cannot be readily cleaned without special tools shall be avoided.

b) Any type of grid or uneven surface shall be configured to permit cleaning
of all areas.

¢) The maintenance workstation shall have a vacuum or evacuation system
for purging and cleaning replacement units/systems. The vacuum efflu-
ence shall be contained to preclude external environment contamination.

d) Means shall be provided to control odors and/or to remove parliculates
from a system. All filters shall be easily accessible for cleaning and/or
replacement. Means shall be Prowde to prevent leakage of any en-
frapped material from a filter unit during removai.

e) Maintenance workstations shall have the capability for the collection and
disposal of debris, odors, particulate matter, and liquid from the worksta-

Efon atmosphere as well as from exposed interior surfaces of the worksta-
1on.

fy Contamination Control.

1) The maintenance workstation shall provide for contamination control in
the transport of devices to and from the maintenance workstation,
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2) The maintenance workstation shall be provided with means to measure
and manitor the contamination level within the work area, including the
capability to measure surface contamination level.

3) The maintenance workstation shall have provisions for contamination
control which assure prevention_of mutual contamination between the
ambient environment and the work area.

4) The maintenance workstation shall provide a contamination control
method for IVA maintenance operations actions which will be performed
remote from the maintenance workstation,

2. Hazardous operations - The capability to seal hazardous maintenance
opera}gons from other areas shall be provided for the duration of the
operation.

3. Particulate matter retention - The maintenance workstation shall be capa-
ble of particulate matter/ odor retention and effluent scrubbing/capture.

Resfraints:

gRef_er to Paragragh 11.7.2, Personne! Restraints, Paragraph 11.7.3,
quipment Restraints, Paragraph 8.9, Mobility Aids and Restraints Archi-
tectural integration, and Paragraph 11.3, Drawers and Racks, for addi-
tional information.)

Replacement Unit Interface - The maintenance workstation shall be able to
interface with the failure detection, fault isclation, and built-in test capability
of raplacement units (e.g., ORUs) as required.

Maintenance Aids Package - The maintenance workstation shall be pro-
vided with a comman maintenance aids package which will include but not
be limited to: audio, video, and data communication links; a data manage-
ment system interface; and utilities.

Power - The maintenance werkstation shall have the capability to provide
conditioned and converted power to support replacement unit design-speci-
fied requirements for servicing and repair activities.

lllurmination - Workstation illumination shall be adequate for afl anticipated
tasks. Workstation illumination shall conform to paragraph 5.8.2 and Ta-
ble XX1 of MIL-STD-1472C.

{Refer to Paragraph 9.2.2.2.1, Workstation llumination Design Require-
ments, for specific values.)

9.3 CONTROLS

9.3.3 Control Design Requirements

9.3.3.1 General Reguirements

a.

Standardization - Controls shall be standardized to the maximum extent
practical.

Multi-g Controls - Controls to be used under prolonged or transitory accel-
eration forces above 2 g's shall be designed to accommadate the crew-
member’s aitered physical abilities.

gRefer to Paragraph 8.2.3.2.4¢, Multi-g Control Placement, for additional in-
ormation.)

Microgravity Contrgls - Crew restraints shall be provided for use at all mi-
crogravity workstations.

Detent Controls - Detent controls shall be selected over continuous con-
trtols whenever the operational_mode requires control operation in discrete
steps.
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. Stops - Stops shall be provided at the beginning and end of the range

of control positions if the control is not required to be operated beyond
the indicated end positions or specified limits.

Load Limit - Controls shall withstand the crew-imposed limit loads
given in Figure 9.3.3.1-1 as a minimum.

Blind Operation - Where "blind" operation (i.e., aciuation without visual ob-

' servation) is necessary, the controls shall be shape coded or separated

from adjacent controls by at least 13 cm {5 in.).

(Refer to Section 8.2.3.2, Confrol/Display Placement and Integration - De-
sign Requirements, for additional information.)

High-Force Controls - In general, controls requiring operator forces exceed-

| ing the strength limits of the lowest segment of the expected user popula-

tion shall not be used. High-force controls shall only be used when the
operator's nominail working position and/or restraint system provides
preper support.

.

Design
lkem | Type of Load | fimit | Direction

load | of load

Levers, Push or pull 220 N Any
handles, | concentrated on | (4946 Ibfi| direction
operating | most extreme
wheels tip or edge

Smalt Torsion 15 Nm | Either
knobs {f fth) | direction

Figure 9.3.3.1-1 Maximum Crew-Induced Design Limit Loads
(Controls)

MSIS 233
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Miniature Controls:

1. Miniature controls (e.g., DIP switches) shall be used only when severe
space limitation exists and use by a suited crewmember is not required.

2, Miniatuge controls shall be avoided when frequent access to contrals is
reguired.

3. Thetmlovements of miniature controls shall be similar to those of standard
controls,

Refer to Paragraph 9.2.3.2.8, ControllDis;Iay Movement Compatibility -
esign Requirements, and Paragraph 9.2.3.2.9, Control/Display Move-
ment Ratio - Design Requirements, for information on standard controls,)

4. The actuation of miniature controls shall be made as easy as possible
without subjecting thern to accidental actuation.

Design and Location - Controls shall be designed and located so asto
minimize susceptibility to being moved accidentally, Particular attention
shall be given to critical controls whose inadvertent operation might cause
tcjamage ¢ equipment, injury to personnel, or degradation of system func-
ions.

Protective Metheds - Adequate protection shall be provided for controls
that are susceptible to accidental actuation.

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

Hi?h—Trafﬁc Areas - Critical controls shall not be located in high-traffic
paths ar transtation paths. If controls must be {)Iaced in these locations,
means shall be used to prevent inadvertent actuation (i.e., pull to untatch
toggle switches).

Dead-Man Controls - Where appropriate, controls, which result in system
shutdown to a noncritical operating state when force is removed, shall be
utilized where operator incapacity can produce a critical system condition.

Barrier Guards:

1. Barrier guard spacing requirements for use with toaggle switches, rotary
switches, and thumbwheels is shown in Figure 9.2.32.1-1.

gﬁor gloved operation, refer to Paragraph 14.43.2, EVA Control and
isplay Design Requirements.)

2. Accidental actuation of controls can result when crewmembers use barrier
uards as handholds, Barrier guards shall be designed and located so as
0 minimize this probliem.

Rotary Switch Protection - Rotary switches that control critical experiment
or vehicle functions shall be recessed or have barrier guards. Dimensions
are shown in Figure 9.3.3.2-1.

Detachment - Covers and guards shall be designed to prevent accidental
detachment during operational periods.

Pasition indication - When protective covers are used, control position
shall be evident without requiring cover removal.

Hidden Centrols - When hidden controls {i.e., controls that cannot be di-
{ec%!y viewed) are required they shall be guarded to prevent inadvertent ac-
uation.
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k. Hand Contrallers - Hand controliers shall have a separate on/off control
to prevent inadvertent actuation when the controller is not in use,

I Circuit Breaker Protection - When circuit breakers are ganged in a com-
mon array, a cover shall be used as an additional security measure to
prevent inadvertent actuation or damage.

10 mm (0.4 in) min
40 mm {1.6 in) max

Figure 9.3.3.2-1 Rotary Switch Guard

MSIS 234
9.3.3.3 Control Types Design Requirements
9.3.3.3.1 Knob Design Requirements
a. Discrete Rotary Selection Switches:
1. General:

a) Rotary selector switches shall be used when four or more detented
positidns are required for discrete functions.

b) Rotary selector switches shall not be used for a two-position function
unless ready visual identification of control position is of primary impor-
tance, and speed of contral aperation is not critical, or uniess the use of
other types of switches is not feasible.

2. Displacement - Up to 12 switch positions may be provided. Standard
distance between positions shall be 20 degrees.

3. Knoh dimensions - Pointer knobs of the type illustrated in Figure 9.3.3.2-1
are preferred for general use. Dimensions and alternate designs are, in
order of preference, described within MIL-K-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.
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b) The ;I)ointer knob shall be mounted sufficiently close to its scale to minimize
Para lax error between the pointer and the scale markings. When viewed
rom the normal operator's position, the_parallax error shall not exceed
25% of the distance between scale markings.

¢) Switch de_s.i,?_n and scale placement shall be such that there is ng reason-
able passibility of confusing the pointer-end and nenpointer-end of a knob.

5. Resistance - Switch resistance shall be elastic, building up, then decreas-
ing as each position is approached, so that the control snaps into position
without stopping between adjacent positions. The torque required to turn
the switch from one detent position to another shall be no lessthan 9 N-cm
(12 in. o2) at breakout and no more than 70 N-cm (100 in. 0z} just prior to
dropping into the next detent position.

6. Direction of movement - The order of positions shall be suchthat clockwise
movement indicates "on" ascending order, increased performance, ete.

&Ref_er to Paragraph ©.2.3.2.8, Control/Display Movement Compatibility -
esign Requirements, for additional information of control movement.)

Continuous Rotary Control Knobs:
1. General:

a) Continuous rotary control knobs (e.g., rheostats, potentiometers) shall be
used for precise adjustment of system parameters.

b) Continuous contrels may be either single-turn or multiturn.

2. Displacement - Single-turn contrals shall have a preferred standard de-
flection 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 shall be 6 to
25 N-cm (8 to 36 in. 02).

Ganged Control Knobs:

1. Use-Use ofganq_ed control knobs shall be limited to two-knob assemblies
where possible. Three-knob assemblies shall be avoided.

2. Limitations - Ganged knob configuration shall not be used under the
following conditions.

a) Extremely accurate or rapid operations are required.
b) Frequent changes are necessary.
c) Heavy gloves may be warn by the operator.

3. Dimensions, torque and separation - Dimensions, torque and separation
of ganged confrol knabs shall conform to Figure 9.3.3.3.1-1.

4. Serration of ganged control knobs:

a) Knobs shali be serrated.

b) Fine serrations shall be used on precise adjustment knobs.

¢) Coarse serrations shall be used on gross adjustment knobs.

5. Marking of ganged control knobs:

a) An indexing mark or pointer shall be provided on each knob.

b} Marks or pointers shall differ sufficiently to make it apparent which knob

indexing mark is being observed.

9-16
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H, o, | J
H, — 0.y, D, .
i 7% h D;  Ganged knob/display
association
Dimensions
Twoe knob assembly Three knob assembly

H, | H. | D, D, H, H. H, D, D, D,

Minimum[ig mm{13 mmA3 mm|22 mm [19 mmi19 mm|6 mm [13 mm}44 mm| 75 mm
(/8 in}] (% in) [ (% in) |(7/8 N} | (%4 i) { (34 in) ((1/4in)| (3 in) [{(1%in)| (3 in)

paximum), 100 mm| 100 mm
(4iny (4in)

Torque Separation

To and including| Greater than 26 One hand individually  [I'wo hands simuttancously
25 mm {1 in) mm{1in}
dlameter knobs | diameter knobs

Minimum 25 mm (1in) 50 mm {2 in})
Optimum 50 mm (2 in) 75 mm {3 in)
Maximuml 32 mN-m 42 mN-m

(4% in-02) {6 in-0z)

Figure 9.3.3.3.1-1 Ganged Control Knobs
MSIS 235
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Knoh/display relationship - When each knob of a glganged assembly must
be related to an array of visual displays, the knob closest to the panél shall
relate to the left most display in a horizontal array, or the uppermost
display in a vertical array {see Figure 8.3.3.3.1-1).

. Inadvertent operation - When it is critical to prevent inadvertent actuation

of one knob as the other is being adjusted, a secondary knob control
movement shall be required (e.g., pressing the top knob before it can be
engaged with its control shaft).

9.3.3.3.2 Thumbwheel Control Design Requirements

a. Discrete Position Thumbwheels :

1.
2.
3.

6.

Discrete position thumbwheels shall have 10 or fewer detent positions,
The standard distance between positions shall be 36°.

Maximum deflection shall be 360 ° or less if 10 or fewer positions are
required.

. Each position around the circumference of a discrete thumbwheel shail

have a slightly concave surface or shall be qegarated by a high-friction
(e.g., knurled) area that is raised from the periphery of thé thumbwheel,

. Resistance shall be elastic, building up and then decreasing as each

detent is approached so that the control snaps into position without
stopping between adjacent detents. The resistance of discrete
Ehu4n§bw ee;l controls to movement shall be hetween 11 and 34 N-cm (18
© 48 in. 0z).

Movement of the thumbwheel forward, up, or to the right shall produce an
increase in the setting vatue.

b. Continuous Types Thumbwheels:

1.
2.

Continuous type thumbwheels shall have a standard deflection of 300°.

Hard stops shall be provided to limit the maximum travel of continuous
thumbwheels.

. Continuous thumbwheels shall employ high-friction raised areas to facili-

tate movement.

. The resistance of continuous thumbwheel cantrois to movement shall be

between 1 and 4 N-cm (2 and 6 in. oz.).

. Movement of the thumbwheel forward, up, or to the right shall produce an

increase in the setting value.

c. Coding:

1.

2,

Thumbwheel controls shall be coded by Iocatior),.labelingi, or colar (e.g.
reversing the colors of the least significant digit wheel as on typica
odometers).

Where used as input devices, thumbwheel switch OFF or NORMAL
Bosmons shall be color coded to permit a visual check that the digits have
een reset to these positions (if applicable).

9.3.3.3.3 Valve Control Design Requirements

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,
5.5cm (2.25in.) or less in diameter, (see "d" below).
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Intermediate-Torgue Valves - Valves requiring between 1 and 2 N-m
(10and 20 |n-|b? or operation are ciassilied as "intermediate torque”
vaives and shall be provided with a “central pivol” type handle 5.5 cm
(2.25in.) or greater in diameter, or a "level {end pivot) type) handie, 7.5
cm (3 in.) or greater in length (the exact size shall be determined by the
particular application).

High-Torque Valves - Valves requiring 2 N-m (20 in-lb) or more for opera-
tion are classified as "high torque" valves and shall be provided with han-
dles greater than 7.5 cm (3 in.) in length.

Handle Dimensions:

1. Valve handles shall ag:groximate the configuration illustrated in Figures
933331and 933332

2. Handles shall be contoured and finished so as to permit ease of operation.

3. Circular handles, when used, shall have crowns or shall empioy concave
areas or convex projections along the periphery of the handle.

Direction of Operation - Rotary valve controls shall open the valve with a
counterclockwise motion,

9.3.3.3.4 Crank Design Requirements

a.

Dynamics:

1. Where cranks are used for tuning or other processes involving numerical
selection, each rotation shall correspond to a multiple of 1, 10, 100, ete.

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. :

Grip Handle - The crank grip handle shall be designed so that it tumns
freely around its shaft.

Dimensions, Resistance, and Separation - Dimensions, resistance, and
separation between adjacent swept circular areas of cranks shall conform
to the criteria of Figure 8.3.3.3.4-1.

Folding Handle - If a crank handle could become a hazard to persons pass-
ing by, or it is critical that the handle not be inadvertently displaced by be-
ing aocidentall\ébumped, a folding handle type control shali be used.” Such
a control shall be designed so that the handle is firmly held in the extended
position when in use and felded when not in use.

9.3.3.3.5 Handwheei Design Requirements

a.

Restraints - When designed for use in microgravity, adequate restraints
shall be provided for the operator.

Turning Aids - Knurling, indentation, high-friction covering, or a combina-
tion ofthese shal! be built into the handwheel to facilitate operater grasp
for applyin? maximum torque and to reduce the possibility of the wheel be-
ing jerked from the operator's hands.

Spinner Handles - For applications where the wheel may be rotated rapidly

through several revolutions, a spinner handle may be added. Such han-

dles shafl not be used, however, if the projecting handle is vuinerable to in-

ﬁdvergent displacement of a critical wheel setting or if it creates a safety
azard.
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Optlonal
kit

=

H.Aim
min

Figure 8.3.3.3.3-1 Valve Handle- Central Pivat Type

MSIS 238

@ ‘ Press
Depress

76 mm
{3.0in)

L min
Spherical

i ——— . a . e————

Fiqure 9.3.3.3.3-2 Yalve Handle- Lever Type
Msis 237
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N | spinning i

Basic dimensions L— R

Combinad finger/spinner
styfes (contoley)

Folding handls {
)
Maching crank
Handia R, Turning radius
_— . Rate below | fate above
Load Specification | L, Length | O, Diamater 100 APM | 100 APM
mm| in {mm| in [mmi{ in Jmm| in
Light loads Minimum 25 1 10 | /81 3B |3-1/20 137 1/2
Less than 22 N

(5 1b} {wrist and Praferred a8 |2 1312t s 3 85 |2.1/2
finger movement)

Maximum Fi] ] 16| 581125 &5 | 1154172

Heavy {oads Minimum 75 3 25 1 180 (7-1/2] 128 5
More than 22 N
{5 Ib] {arm Preferred 95 133/4| 25 1 Al R R SEE L
movemant] Maximum | - | -- | 38 11121 s10] 20 | 230 ¢

S=Separation between adjacent controls: 75 mm (3 in) minimum

MSIS 238 Figure 9.3.3.3.4-1 Cranks
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9.3.3.3.6 Lever Design Requirements
Requirements for the design of levers are provided below.

a. Coding - When several levers are grouped in proximity to each other, the
lever handles shall be coded.

(Refer to Paragraph 9.5.3.2, Coding Design Requirements, for additional
information.)

b. Length - The length of levers shall be determined by the mechanical ad-
vantage needed.

9.3.3.3.7 Toggle Switch Design Requirements

a. Dimensions - Dimensions for a standard toggle switch shall conform to the
values presented in Figure 9.3.3.3.7-1.

b. Indication of Actuation:

1. Anindication of control actuation shall be provided (e.g., snap feel, audible
click, associated or integral fight).

2. Switch design shal! preciude stoppage befween positions.

3. Visual verification of switch position shall be obtainable at a glance from
any viewing angle.

¢. Qperating Force:
1. Operating force shall be in the range of 3to 30 N (0.63 to 6.25 Ibf).

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) tog%e switches, resistance of lift-to-untock
mechanisms shall not exceed 1 (3 ibf).

d. Orientation - The preferred direction of_toggle switch operation shall be ver-
tical. Horizontal actuation of t%ggle switches shall be employed only for
compatibility with the controlled function or equipment Jocation.

e. Position Designation - Switch actuation shall control the system or sub-
system 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, exctfefpt where this would compramise equip-
ment performance. In this case, off shall be in the bottom pesition.

9.3.3.3.8 Pushbutton Design Requirements

&Refer to Paragraph 9.3.3.3.15, Legend Switch Design Requirements, and
_.3.3.;1, Computer Input Devices, for additional information on pushbutton de-
vices.

a. Activation:

1. Latching Pushb_utton_(?ush-on, lock-on). Activation shall be indicated by
a sudden drop in resistance and, if possible, an audible click.

2. Momentary Pushbutton (push-on, release-off) - Activation shall be indi-
cated by positive feedback.
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THIS DOBUMENT PROVIDED BY THE ABBOTT AEROSPACE

P
BrFocsussaAar L ion

Dimensiang Resistance
L D P
Arm length Control tip smal Large
switch switch
Mirurnum 13mm Imm 28N 28N
{172 n} (/8 110 ozt {10ez)
Manimurm 50 mm 25 mm 45N TN
12inl {1in) {18 oz) 140 oz)
Disptacement between postions
2 Pasition A 1 Position
Hinimum ki 179
Maximum v 40°
Desired 25%
Separauion
Single f; . $
e;:ra‘i;:qer Single finger Simyltaneous operation
t sequential operation by citferant fingers
Minmum 19 mm 25 mm 13 mm 6 mm
1344 in {1iny (1/2in} 158 in}
Qptimum 80 imm 50 mm 25 nm 19 mm
(2in} {201 (tim 374 in)

t Using a lever lock toggle switch

Figure 9.3.3.3.7-1 Toggle Switches

MSIS 233
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on

off

u increse

down decrease

deployed

stowed

open activate

close deactivate

primary

hackup

aufo

manual

Figure 8.3.3.3.7-2 Togyle Switch Position Designation

MSIS 240

3. Alternate Action Pushbutton (push-on, push-off) - Activation shall be
indicated by a sudden drop In resistance, an auditory click, and an

associated display action.

4. Touch Sensitive (nonmechanical) - Activation shall be indicated by posi-

tive feedback.

Resistance - The resistance of pushbuttons to movement shall be 2.78 to
2363 N (1010 85 oz?. The nominal force-resistance value shall be deter-

mined by the particu
ated.

Dimension:

ar application and the environment in which it is oper-

1. The standard shape of pushbuttons shall be rectangular.

2. Round pushbuttons shall be used when dictated by special functional or

hardware considerations.

3. When a pushbutton surface is not concave, the surface shall provide a
high degree of frictional resistance to prevent slipping.

4. T he helght and width (or diameter, as a(?plicable) of pushbuttons shall be
2 cm (0.75 in.) minimum and 4 cm {(1.50 In.) maximum.

5. Thg illuminated area of pushbutton si
cm” (0.40 in.“) and not greater than 7

1.5in.5).

ignal lights shalt not be less than 3
o i s inD
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Displacement:

1. Momentary pushbuttons shall have a total displacement of0.32t0 1.8
cem (0.125t0 0.725 in.).

2. Latchinggushbuﬁons shall have a total displacement of 0.64 to 1.8
em (0.250t0 0.725 in.).

3. Alternate action pushbuttons shall have a displacement of 0.32t0 1.84 cm
(0125t 0.725in.).

4. Pre-travel shall be 0.32t0 1.52cm (012510 0.6 in.).

5. Over-travel shall be 0.32 ¢cm (0.125 in.) maximum.

9.3.3.3.9 Foot-Operated Switch Design Requirements

a,

b.

c.

Use:

1. Foot-operated switches shall be used only where the crewmember is likefy
to have both hands occupied when switch activation may be required, or
when load sharing among limbs is desirable.

2. Because foot-operated switches are susceptible to accidental activation,
their uses shall be limited to noncritical or infrequent operations such as
press-to-talk communication.

3. Foot-operated switches shall be compatible with the restraint system
being employed.

QOperation:

1. Foot-operated switches shall be Positioned for operation by the toe and
the ball of the foot rather than by the heel.

2. Foot-operated switches shall not be located so near an obstruction that
the crewmember cannot center the ball of the foot on the switch button.

3, A pedal may be used over the hutton to aid in location and operation of
the switch.

4. Foot-operated switches shall be compatible with crewmember footwear.

Feedback - A positive indication of control activation shall be provided
(e.g., snap feel, audible click, associated visual display).

9.3.3.3.10 Pedal Design Requirements

a.

Control Refurn;

1. Except for controls that generate a continuous output (e.g., rudder con-
trolg), pedals shall return to the original null position without requiring
assistance from the crewmember {(e.g., brake pedal).

2. For pedals in which the operator may normally rest the foot on the control
between operations, sufficient resistance shail be provided to prevent
inadvertent activation of the control {e.q., accelerator pedal).

b. Pedal Travel Path - The trave! path shall be compatible with the natural ar-

C.

ticulation path of the operator's limbs (i.e., thigh, knee, ankle) for the grav-
ity condition under which the control will be used.

Nonslip Pedal Surface - Pedals shall be provided with a nonsglip surface.

9.3.3.3.11 Rocker Switch Design Requirements

a.

Positive Indication - An indication of control activation shall be provided
(e.g., snap feel, audible click, associated or integral fight).

9-25
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b. Dimensions, Resistance, Displacement, and Separation - Dimensions, re-
sistance, displacement, and separation between centers of rocker
switches shall conform to the critetia in Figure 9.3.3.3.11-1. Resistance
shall gradually increase, then drop when the switch snaps into _{J_osition.
The switch shall not be capable of being stopped between positions.

c. OCrientation:

1. Where practicable, rocker switches shall be vertically oriented.

2. Activation of the upper wing of a rocker switch shall turn the equipment ar
component on, cause the quantity to increase, or cause the equipment or
companent to move forward, clockwise, to the right, or up.

3. Horizental orientation of rocker switches shall be employed only for
compatibility with the controlled function ar equipment focation.

9.3.3.3.12 Push-Puil Contro! Design Requirements

a. Handle Dimensions, Displacement, and Clearances - Handle dimensions,
displacement, and clearances for push-pull contral handles shall cenform
to criteria in Figure 9.3.3.3.12-1.

b. Rotation:

1. Except for combination push-pullirotate switch configurations, push-pull
control handles shall be keyed to a nonrotating shaft.

2. When the control system provides a combination push-pull/rotate func-
tional operation using a round style knob, the rim of the knob shall be
serrated to denocte (visually and factually) that the knob can be rotated,
and to facilitate a slip-free finger grip.

c. Detents - Mechanical detents shall be incorporated into push-pull controls
to provide tactile indication of positions.

d. Action of push-puli controls shall be:

1. Pull towards the operator for ON or activation; push away for OFF or
deactivation.

2. Clockwise for activation or increasing function of combination pullfrotary
switches.

Resistance - Force for puiling a panel control with fingers shall be not mare
HTSaRI 1(180NIb4 Ib), for puliing @ T-bar with four fingers shall be not more than

9.3.3.3.13 Circuit Breaker Design Requirements
a. General

1. Circuit breakers shall be used for functiens that require automatic protec-
tion against excessive electrical cusrents.

2. Circuit breakers shall be resettable.

3. Except for special cases, circuit breakers shall be of the plunger type
{pull-to-refease, push-to-reset).
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Dimensions
Resistance
W, Width L, Length
Minimum Gmm (1/4 in) | Y3 mm {1/2in) 28N {10 0z)
Maximum 11 N {40 o2)
. Separation
Displacement
(center-ta-center)
H, Ht, Depressed A, Angle S ibare hand}
Minimum Imm (1/8 in) 30° 19 mm {3/4in)

Figure 9.3.3.3.11-1 Rocker Switches

MSIS 241
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4. All tripped conditions shall be visually indicated.

Dimensions - Preferred dimensions for handles of glunger 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 2.5cm (1.0

in.) nominal, 1 cm (0.5 in.) minimum, shall exist between circuit break-
ers grouped' in harizontal rows, which is the preferred arrangement. The

distance between rows shall be a minimum of 2.5 cm (1.0 in.).

d. Displacement:

1. The tripped condition of the plunger-type circuit breaker shall be indicated
bya wpnte_or silver band. VWhen the circuit breaker is closed the band shall
not be visible {see Figure 9.3.3.3.13-1).

2. The "off" or trip?]ed condition of the switch type circuit breaker shall be
i1ndicated when the handle is in the "down" position {see Figure 8.3.3.3.13-

Resistance - The force rec‘uired to reset a plunger-type circuit breaker
shall not exceed 53 N (12 1b). The force rquu:red to manuaily trip a plunger
type circuit breaker shall not exceed 35 N (3 1b).

9.3.3.3.14 Slide Switch Control Design Requirements
a. Dimensions, Resistance, and Separation:

1. Dimensions, resistance, and separation of slide switch handles shall
conform to eriteria in Figure 9.3.3.3.14-1.

2. Detents shall be provided for discrete control settings. Resistance shall
gradually increase, then drop when the switch snaps inte position.

3. The discrete control slide switch shall not be capable of stopping between
positions.

b. Orientation - Where practical, slide switches shall be vertically oriented,
Harizontal orientation or actuation of slide switches shall be employed only
when necessary for compatibility with a controlled function or equipment [o-
cation.

c. Positive Indication - Slide-switch controls that are analog or involve more
than two discrete positions shall be designed to provide positive indication
ﬁf o?j?trol setting, preferably a pointer located on the left side of the slide

andle.

d. Switch Action - Moving the slide up or away from the operator shall resuit
in tuming the equipment or component on, causing a quantity to increase,
or gtausing tne equipment or component to move forward, clockwise, to the
right, or up.

9.3.3.3.16 Legend Switch Design Requirements

FRefer_to Paragraph 9.3.3.3.8, Pushbutton Design Requirements, for related in-
ormation.)

a. Dimensions, Resistance, Displacement, and Separation - Dimensions, re-
sistance, displacement, and separation between adjacent edges of legend
switches shall conform te the criteria in Figure 9.3.3.3.15-1,

b. Barrier Height - Barrier height from panel surface shall conform to the crite-
ria in Figure 8.3.3.3.15-1. Unless otherwise specified, barriers are required
an critical switches and on switches likely to be inadvertently actuated.

E_a rrjiers, when used, shall not obscure visual access to controls, labels or
isplays.
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5gmm . 25mm '
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Figure 9.3.3.3.13-1 Circuit Breakers
MSIS 243
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Dimansians Resistance
H W Small Large
Actuatar hesght Actuator width swilth switch
Minimum 6mm1din bmm (1/8in) |2ZBN (1002} |28 N (1002}
Maximum - 25mm {1in} 45N {16 02| 11N 40 on)
Separation, $
Single finger Singte finger Simultaneous operatian
aperation sequential operation ay different fingers
Minitmum W mm i34 n) 13mm (42 n) 16 mm (58 in)
Cotimym 50mm (2 in) 25 mm (1A 18 mm (3/4 in}

Figure 9.3.3.3.14-1 Slide Switches

MSIS 244
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)
81,5, . Bartiers .
Sue | Displacement B, 8y !
Meimum 19'“_"‘" Imm®™ | Imm | 6mm 2ENTTT
{34 in) (1/8 in) {1/8in] | 13726 im)| 0 os)
Masiinam |38 mm 6 mm gmm | &mm 6.7N
. {1-1/2in (1/4in} 14 i)l 1174 int 80 oz

Notes:
* 15 mm (5/8 in) where switch is not depressed below the panel
* 5 mm (3116 in) for positive position switches
*** 5.8 N (20 0z) for use in moving vehicles

Figure 9.3.3.3.15-1 Legend Switches
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¢. Other Requirements:

1. For positive indication of switch activation, the legend switch shall be
provided with a detent or click. When touch sensitive switches are
used, a positive indication of activation shall be provided, {e.g., an
integrat ight within or above the switch being activated).

2. The legend shall be legible with or without internal illumination.

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 within the legend switch shall be replaceable from the front of the
pane! by hand and the fegends or covers shall be keyed to prevent the
gOSSIbIIIty of interchanging the legend covers. The pushbuttons shall not

e susceéptible 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.
9.3.3.3.16 Printed Circuit {DIP) Switches Design Requirements

a. Use - The use of DIP switches shall be limited to nonroutine maintenance
or troubleshooting applications.

b. Dimensions, Resistance, Displacement and Separation - Dimensions, re-
sistance, displacement, and separation between adjacent DIP switch ac-
tuators shall conform to the following:

1. Dimensions of actuator shall be sufficiently high to permit error-free
manipulation by the o!iw_erator when using some commonly available stylus
(e.g., pencil or pen). The design of the actuators shall not require the use
of a special tool for manipulation.

2. Actuator resistance shail be sufficiently highto avoid inadvertentactivation
under expected use conditions. Resistance shall gradually increase, then
drop when the actuator snaps into position. The actuator shall not be
capahle of stopping between positions.

3. When actuators are slide type, they have sufficient travel (displacement
to permit easy recognition of switch settings. At a minimum, the trave
shall be twicethe length of the actuator. When actuators are rocker type,
the actuated wing shall be flush with the surface of the panel.

4. Actuators shall have sufficient separation to permit error-free manipulation
bytth? op))erator (i.e., the stylus cannot inadvertently contact adjacent
actuators).

c. Shape - The surface of the actuator shall be indented to accept the point of
the stylus. The indentation shall be sufficiently deep to avoid slippage of
the stylus during maniputation.

9.2.3.3.17 Key-Operated Switch Design Requirements

Key operated controls should be used when system requirements dictate that
the function belnF contralled should be secured against activation by unauthor-
ized personnel. [f key operated controls cannot be {ustiﬁed in terms of secu-
rity, they are probablg not necessary and should not be used, Key cperated
switches should not be used solely as a means of shape coding.

9.3.3.4 Computer Input Devices
9.3.3.4.1 Keyboard Design Requirements
9.3.3.4.1.1 Layout



9.3.3.4.1.2 General

a.
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Keyboards design commonality - There shall be a single design for a key-
board, particularly in relation to the location of keys, and it shall be use
throughout the space module.

Control switches - All commonly used controls associated with keyboard
functianing (e.?., on/off) shall be readily accessible to the user. Both the
control and its labeling shall be visible to the user.

Key markings - The key labels shall be placed on the Keys in such a way
asto be resistant to wear and abrasion. If the label cannot be placed on
the key, it shall be placed above it.

Finger placement aids - The standard keyboards and the shall be distin-
?mshable to the touch to facilitate the correct placement of the fingers for
ouch typists.

Microgravity placement - For microgravity operating conditions, the key-
board placement shall be compatible with the neutral body posture and the
restraint system being employed.

Operating force - The preferred operating force of a terminal keyboard
shall be 0.5 N (1.75 02).

Key displacement - The recommended key displacement for activation is
appraximately 2.0 mm (0.08 in.) with bottoming-out eccurring at about 4.0
mm {0.161n.).

Feedback:

1) The screen shall provide visual feedback each time a key is activated.

2) Auditary feedback indicagtin? key activation shall be provided. User shall
have the option of deactivating this feedback.

3) Kinesthetic feedback in the form of a distinct when keys are maximally
depressed.

Keyboard interlack - A keyboard interlock shall exist to prevent the outputs
from two or more simultaneously depressed keys from either jamming the
print mechanism or outpulting an invalid keycode.

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.

Key legend - The key legends shall be explicit and easy to understand. Ai-
phanumeric legends shall not be smaller than 3.0 mm (0.121in.).

Color and reflection of keys :
1) The surface of keys shall have a matte finish to reduce glare.

2) 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.

Function key labels - Function keys shall be labeled with standard function
symbols, the function title, function title abbreviations, or function codes, in
that order of preference.
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Key Repeat - The capability of repeating characters or symbols continu-
ously shall be provided. Keys shall be provided that automatically re-
peat when continually depressed for more than 0.5 seconds.

Key spacing - The spacing of keys shall be as indicated in Figure
03 an2d, | racng oTe o

Noise Level - The “click" feedback of a keystroke shall be able to be turned
offtby }he user on all keyboards, and preferably, also be adjustable fo differ-
ent volumes.

9.3.3.4.2 Joysticks Design Requirements

a.

isotonic Joystick:

1. Movement shall be smooth in all directions, and rapid positioning of a
follower on a display shall be attainable without noticeable backlash,
cross-coupling, or the need for multiple corrective movements.

2. Control ratios, frictions, and inertia shall meet the dual requirements of
rapid gross positioning and precise fine positioning.

3. When used to create free-drawn graphics, the refresh rate for the follower
on the VDT shall be sufficiently high to ensure the appearance of a
continuous track.

4. The delafy1 between control movement and the confirming display re-
sponse shall not exceed 0.1 second.

5. gigngrasizo?s, resistance, and clearance shall conform to criteria in Figure

6. The joystick shall be placed so as not fo interfere with other cantrols.

7. Joystick placement shall allow effective operation when the operator is
using the restraint system provided and maintaining an optimum viewing
posifion with respect to the VDT.

|sometric Joystick

1. The output shall be proportional to the magnitude of the applied force as
perceived by the operator,

2. The isametric joystick shall deflect minimally in response to applied force,
but may deflect perceptibly against a stop at 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).

9.3.3.4.3 Light Pen Design Requirements

a.

Activating Device:

1. Light pens sha!l be equipped with an activating device. If the activating
device is a pushbutton switch located at the tip, the force required shall be
from 0.6 Nto 1.4 N (2105 0z).

2. Feedback shall be provided when the activating device is operated.
Position Indication - The computer software for light pens shall display a
cursor under the light pen position. The cursor shall be large enouigh to be
seen under the point of the light pen and shall move with the light pen.

Feedback - Light pens shall provide some indication that input has been re-
ceived hy the system.

Dimensions - Light pens shall be between 11.9and 18.0 cm (4.7 and 7.1
in.) long and 0.8 and 2.0 em (0.3 and 0.8 in.) in diameter,

-3
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Dimensions Resistance

Key width . )

Bare-handed | Numeric | Alpha-numeric | Dual function
Minimum {10 mm (0.385 in.)| 1 N (3.5 02) 250 mN (0.9 c2) | 250 mN (0.8 0z)
Maximum [18 mm (0.75in) | 4 N(14002) | 1.5N {5302 15N (5.302)
Preferred [13 mm (0.5in)

Displacement Seperation
Numeric  |[Alpha-numeric Dual function |metszen adacent key tops)

Minimum 0.8 mm (0.03 in.}|1.3 mm (0.05 in)0.8 mm (0.03in)] 6.4 mm(025in.)
Maximum 4.8 mm (0.19 in.}6.3 mm (0.25 in.)4.8 mm {0.19in ) _
Prefered 8.4 mm (0.25in.)

Figure 9.3.3.4.1.2-1 Keyboard Dimensions
MSIS 250
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Dimensions  |Resistance | Displacemert {learance

Dia, D | Length,L | aeet | e e
. 65mm | TEmm IN 120 mm
Mnimum | oog) 1 i) { () 0 4750

fomm | f50mm | B3N ey Pmm |, | 20mm

Maimum | o | 60 | @) (1575h) 98in)

* Maximum stick excursion plus 100 mm (4 in)

Figure 8.3.3.4.2-1 Isolonic Joystick
MSIS 251
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Storage - Light pen storage shall be passive on the part of the user. once
released, the cable shall fetract automatically to its storage position. Dur-
ing use of the light pen, the tension on the cable shall produce the equiva-
lent of a 1g weight (+/~- 20%}) of the light pen.

Follower Movement - Light pens shall provide a smooth movement of the
follower when used as a two-axis controller. The refresh rate for the fol-
lower shall be high encugh to ensure the a?pearance of a continuous track
whenever it is used to create graphics input.

9.3.3.44 Mouse Design Requirements

Design requirements for a mouse control device are provided below.

a.

Use - A mouse is best used to select screen position rapidly through move-
ment of the follower and shall be used for zero-arder control only (i.e., gen-
eration of x and y-outputs by the controller results in proportional
displacement of the follower} or rate contrel ?.e., curser movement is pro-
portional o rate of mouse movement), selectable by the user.

Operator Accuracy - The mouse shall be designed and placed on the ma-
neyveting surface to allow the operator to orient it cansistently to within +/-
10" of thé correct orientation without visual observation. For example,
when the cperator grasps the mouse in what seems to be the correct orien-
tation and moves it in a straight line along what is assumed to be the Ev)
axis, then the direction of movement of the follower on the VDT shall be
between 350° and 10°.

Mause Accurac;y - The mouse shall be easily movable in any direction with-
outa chandqe of grip and shall result in smooth movement of the follower in
the same direction (+/- 10%).

Handedness - The mouse shall be operable with either hand.

Lost Cursor Control - The controller shall not drive the follower off the edge
of the display.

Dimensions and Shape - The mouse shall have no sharp edges with limit-
ing dimensions as indicated in Figure 8.3.3.4.4-1.

Minimum Maximum

Width {spanned

by thumb o mm (L8} | 70 mm (28 in
firger grasp)

Lengh T0mm (28i0) | 120mm (47 in)

Thickness Bmm{lbin) | Omm{18in)

Figure §.3.3.4.4-1 Mouse Dimensions

MSIS 252
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Discrete Activation - Where activation switches are required on the
mouse they shall be limited to no more than three and the buttons shall
be operable with normal grip.

Activation Surface - A surface which has a texture suited to mouse use
gnd thadt is conveniently located shall be provided when a mouse is to
e used.

Stowage - The mouse shall be removable and/or stowable.

Mouse/Keyboard Integration - The system shall be designed so that the
gseréloes not have to alternate frequently between the mouse and the key-
Qard.

9.3.3.4.5 Track Ball (Rolling Ball) Design Requirements

a.

Zero-Order Control - A track ball shall be used for zero order control {i.e., a

iven moverent of the ball produces a proportional movement of the fol-
ower on the display} ar rate control (i.e., cursor movement is proportional
to rate of ball movement), selectable by the user.

Follower Recapture - The controller shall not drive the follower off the edge
of the display.

Location - Track ball placement shall allow efficient use of the device by
crewmembers using workstation restraints and maintaining optimum view
of associated VDT.” The track ball shall be operable with either hand.

Dimensions, Resistance, and Clearance - Track ball dimensions, resis-
tance, and clearance shall conform to the criteria in Figure 9.3.3.4.5-1.

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.

Track Ball/Keyboard Integration - The s¥stem shall be designed so that the
ESEL doeds not have to alternate frequently between the track ball and the
eyboard.

9.3.3.4.6 Stylus and Grid DesignRequirements

Input - Movement of the stylus on the grid surface shall result in a smooth
movement of the follower in the same direction.

Stylus/Grid Correspondence - Discrete placement of the stylus at any point
on the grid shall cause the follower to appear at the corresponding coordi-
nates and to remain steady in position provided the stylus Is not moved.

Refresh Rate - The refresh rate for the follower shall be sufficiently high to
ensure the appearance of a continuous track whenever the stylus'is used
for generation of free-drawn graphics.

Remote Grid Size - Remote grids shall approximate the display size when-
ever possible.

Remote Grid Placement - Remote grids shall be at an orientation that maxi-
mally preserves the directional relafionships between them and the display
withaut wolatmg any anthropometric considerations he.g., a vertical plane
passing through the north/south axis on the grid shall be paraltel to the
north/south axis on the display).

The stylus shall be storable in a retracted position. Retraction shall be acti-
vated automatically when the user releases the stylus. Dunn% use, tension
on the cable shall be equivalent fo the 1g weight (+/- 20%) ofthe siylus.

9.3.3.4.7 Touch-Sensitive Display Design Requirements

a.

Totu%h Area Indication - The touch-sensitive areas of a display shall be indi-
cateq..
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W

o SRR ORI
[ ~wpi— D Ao~ —4
Dimensions Resistance Clearance |
Diameter, | Surface | Precision girh;\gﬁgp « | Around |Balito Stelf
D |Expostre, A | Required [ oo i Bal,c | Frort,F
. 0 mm 50mm | 120mm
. 150mm 10N 1IN | 320mm 250mm
Waimum | g | M09 | e | e | (2620 0750
100 03N R R
Pfmed | | 8% | g | * Lateral distance from display

centerline to ball centeriine

Figure 9.3.3.4.5-1 Trackball Design
MSIS 253
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Touch Area Size - The touch area shall be Iarge enough so that adja-
cent touch areas are not accidentally activated.

Touch-Sensitive-Display/Keyboard Integration - The system shall be de-|
signed so that the user does not have fo alternate frequently between
the touch display and other computer input devices.

Feedback - Positive feedback indicating that a touch has been registered
shall be provided.

Inadvertent Activation - Inadvertent activation of the touch-sensitive de-
vice shall be precluded.

9.3.3.4.8 Bar Code Reader Design Requirement

a.

Use - Bar code readers (or other computer access devices) shall be used
as an interface between (Refer to Section 9.4.3.3 Audio Displays - Design
Requirements, for further lnformatlo_n.t)e uipment and associated data
base information whenever appropriate (e.g., inventory conirol, mainte-
nance procedures, efc.).

Ease of Use - Bar code readers shall be easy and fast to operate.
Orientation Flexibility - Bar code readers shall allow flexibility in the orienta-
tion match between the reader and the label to be read that'is necessary
for successful recognition.

Success Rate - Bar code readers shall successfully read the intended la-
bels on a high percentage of passes.

9.3.3.5 Speech Transmission Equipment Design Requirements

a.

Frequenc:\{ - Microphones and associated s¥stem-input devices shall be
designed o respond optlmall\éto that 0par’t of the speech spectrum most es-
sential to intelligibility (i.e., 200 to 6,100 H%!. Where system engineerin
necessitates speech-transmission bandwidths narrower than 200 to 6,100
Hz, the minimum acceptable frequency range shall be 250 to 4,000 Hz.

Dynamic Range - The dynamic range of a microphone used with a se-
Ietclted stag'n gfger shall be great enough to admit variations in signat input of
at lea .

Noise-Cancelling Microphones - In very loud, Iow-frequency noise environ-
ments (100 dB overall), noise-cancelling microphones shall be used and
shall be capable of effecting an improvement of not less than 10 dB peak
speech {o root-mean-square-noise ratio as compared with non-noise-can-
celling microphones of equivalent transmission characterislics.

Pre-emphasis - if necessary, speech system input devices shall employ fre-
quency pre-emphasis with a positive slope frequency characteristic no
greater han 18 dB per octave from 140 to 1,500 Hz and no greater than @

B per oct%ve over the frequency range 1 500 to 4,800 Hz when no clip-
ping is used.

Peak-Clipping of Speech Signals - Where speech signals are to be trans-
mitted over channels showing less than 15 dB peak speech te root-mean-
square-noise ratios, peak-clipping of 12 to 20 ¢B may be employed at
t§ygtc_amti’npu|§ and may be preceded by frequency pre-emphasis as speci-
led in "d" above.

Noise Shields - When the talker is in an intense noise field, the micro-
phone shall be put in a noise shield. Noise shields shall be designed to
meet the following requirements.

1. A volume of at least 250 em?® (15.25 ina) to permit a pressure gradient
micrephone to function normailly.

2. A good seal against the face with the pressure of the hand or the tension
of straps.
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3. A hole or combination of holes covering a total area of 85 mm? (0.1 in2) in
the shield to prevent pressure buildup.

4. Prevention of a standing wave pattern by shape, or by use of sound-ab-
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.

9.3.3.6 Operating Controls for Voice Communication Equipment Design
Requirements

a. Volume Controls:

1. Accessible volume or gain controls shall be provided for each communi-
cation receiving channel (e.g., loudspeakers or headphones) with suffi-
cient electrical power to drive sound pressure level to at least 110 dB
overall when using two earphones.

2. The sound pressure level (SPL) shall be maintained within + or - 3 dB
when alimospheric pressure changes are encountered within the module.

3. The minimum setting of the volume contral shall be limited to an audible
level, i.e., it shall notbe possible to inadvertently disable the system with
the volume control.

kﬂefer fo Paragraph 5.4.3.2.2, Voice Communications Noise Exposure
equirements, for additional information.}

4. Separation of power (on-off) and volume control adjustment functions into
separate controls is preferred. However, should conditions justify their
combination, a noticeable detent position shall be provided between the
OFF posttion and the lower end of the continuous range of volume
adgustme_nt. When combined power and volume controls are used, the
OFF position shall be labeled.

b. Squelch Controf - Where communication channels are to be continuocusly
monitored, each channel shall be provided with a signal-activated switch-
ing device (squelch controlg to suppress channel noise dusing no-signal pe-
tiods. A manually operated, on-off switch, to deactivate the squelch when
receiving weak signals, shall be provided.

9.4.2.3 Visual Display Design Requirements

9.4.2.3.1 Display Readability Design Requirements

9.4.2.3.1.1 lllumination Design Requirements

a. Luminance Controk:

1. When a display will be used under varied ambient illumination, a dimming
control shall be provided. The range ofthe control shalt permit the displays
to be legible under all expected ambient illumination levels.

2. Bimming to full OFF shall require a positive indication.
b. Dark Adaptation :

1. Partial Dark Adaptation - When the degree of dark adaptation required is
not maximum, fow brightness white light (preferably integral), that is
adjustable as appropriate, shall be used.

2. Complete Dark Ada7pta tion - When comﬁlete dark adaptation is required,
low luminance (0.07-0.34 cd/m”) red light (greater than 620 nm} shall be
provided for better visibility.
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c. Light Distribution:

1. Where muitiple displays are grouped together, !i&hting shal| be bal
anced across the instrument pane! such that the mean indicato
luminances of any two instruments shall not differ by more than 33%
across the range of full ON to full OFF.

2. Light distribufion shall be sufficiently uniform within an integrally illumi-
nated instrument such that the ratio of standard deviation of indicator
element luminances to mean indicator uminance shall not be more than
0.25, using eight or more equally spaced test measurements.

d. False Indication or Obscuration - Provision shall be made to prevent direct
or reflected light from making indicators appear illuminated when they are
not, or to appear extinguished when they are illuminated.

9.4.2.3.1.2 Display Indicator Contrast Design Requirements

Redquirements for contrast within an indicator are provided below.

(Refer to Paragraph 9.4.2.3.3.9¢, Contrast, for infermation on VDT contrast re-
quirements.)

a. Indicater Contrast - The luminance contrast within the indicatar shall be at
least 50%. However, this 50% contrast requirement does not apply to spe-
cial displays specifically designed for legibility in sunlight.

b. Low Ambient lllumination - For low ambient illumination applications, con-
trast shall be at least 90%, with the background luminance less than the fig-
ure luminance.

9.4.2.3.1.3 Reflections Design Requirements

a. Displays shall be constructed arraaned.. and mounted to prevent reduction
of information transfer due to the reflection of ambient ilumination from the
display cover.

b. Reflections in viewing surfaces (e.g., view ports, windshields, etc.) shall be
avoided.

¢. Anti-reflection techniques {such as shields and filters) shall not be used if
they noticeably degrade display quality.

(Refer to Paragraph 8.11, Windows Integration, for related information.)
9.4.2 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 levei required for mission ac-
complishment.

(Refetar ;0 Paragraph 5.5, Vibration Design Requirements, for specific require-
ments.

9.4.2.3.1.5 Display Size Design Requirements

As a minimum, displays shall be of sufficient size to provide readily usable data

to the user, This requirement shall hoid for all reasconably anticipated locations

of the user’s relative to the display.

9.4.2.3.2 Information Presentation Desigh Requirements

a. Content - The information displayed to an operator shall be prioritized such
that the information which is necessary to perform specific actions or to
make decisions is easiest to acquire.

b. Equipment Response - Signal devices, including pushbutton signal lights,
shall display equipment response and not merely control position.
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¢. 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, uniess the status of
the caution light filament and its associated circuitry can be easily tested
by the operator and operatar perceplion of such events is not time critical.
Display devices shall have a positive indication of on or ready.

2. The absence or extinguishment of a signal or visual indicator shali not be
used to denote a condition; however, the absence of a signal or visual
indication shall be acceptable to indicate a "power off' condition for
eperational displays only - not for maintenance displays.

d. Range and Accuracy - Display range and readout accuracy shall be consis-
tent with the needs of the crewmembers to manage the spacecraft or
equipment, but shall not exceed the accuracy of the input signai.

e. Duration - Non-dynamic signals and display information shall remain dis-
played until a diréct user input cancels them. Dynamic signals and display
information shall have durations of sufficient Ien?th to be reliably recog-
nized under the highest expected operator workioad and all anticipated op-
erational environments.

f.  Timeliness Displays (such as CRTs, head-up displays, etc.) requiring re-
freshed information shall be updated in a synchronous manner, where pos-
sible, 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 display or display ciccuitry
shall be immediately apparent to the crew.

2. Where "automatic switch-over" to redundant power or signal sources (due
te failure) is implemented, the automatic switch-over shail be made
immediately obvious to the crew.

9.4.2.3.3 Display Types

a. System/Equipment Status - shall be inferred by the illumination of the indi-
cator, not by the absence of illumination.

b. Indicator Labeling - shall be ﬁrov_ided, close to the indicator, imparting the
message intended by the light's ilumination.

c. Indicator Color - The color of the light shall be clearly identifiable and
meets with established color standards.

9.4.2.33.1 Maintenance Display Design Requirements

Maintenance displays shall be located sa they do not interfere with normal
flight displays. en possible, they shall not be visible when not in use.

9.4.2.3.3.3 Legend Light Design Requirements

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 Legibility - When not energized, legends shall be legible but shall
not appear fo be energized (e.g., due to diréct sunlight).

¢. Information Presentation - A maximum of three lines of information shall be
presented on the display face of a legend light.

d. Light/Switch Determination - It shall be easy to distinguish between legend
lights and legend switches throughout the space module.

e. Status Indication - System/equipment status shall be inferred by the illumi-
nation of the indicator, not by the absence of illumination.
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9.4.2.3.3.4 Scales and Pointers Design Requirements
Requirements for the design of scales and pointers are provided below.

a. Moving Pointer Circular Scales - Clockwise movement of a rotary con-
trol or movement of a linear control forward, up, or to the right shall pro-
duce 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 a linear control forward, up, or to the right shail pfoduce a
movement up or to the right of the pointer of vertical and horizontal scales
and an increase in the magnitude of the reading.

¢. Fixed Pointer Moving Scale - Displays with moving scales and fixed point-
ers or cursors shall be avoided. When circular fixed-pointer, meving-scale
indicators are necessary, clockwise mavement of a rotary control or move-
ment 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 Painter Linear Scale - When use of vertical or horizontal fixed
peinter, moving-scale indicators is necessary, clockwise maovement of an
associated rotary control or movement of a linear control forward, up, or to
the right shall normally produce a movement of the scale down or to the
left and an increase in the magnitude of the reading.

e. Pointers:

1. Lenﬁth - The control or display pointer shall extend to, but not overlap, the
shortest 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 as close as possible to the face
of the dial to minimize parallax (see Figure 9.4.2.3.3.4-1}.

4. Color - Pointer color fram the tip to the center of the dial shall be the same
as the color of the marks. The tall 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 operatin% conditions always fall within
a given range on the scale, these areas shall be made readily identifiable
by means of pattern or color coding applied to the face of the instrument.

g. Orientation - Alphanumerics on stationary scales shall be oriented in the
local vertical position.

h. Zero Position and Direction of Movement - When positive and negative
values are displayed around a zero or a null position, the zero or null point
shall be located at either the 12 or 9 o'clock position. The magnitude of
Fosmve values shall increase with clockwise movement of the pointer, and
he magnitude of hegative values shall increase with counterclockwise
movement. When pointer movement is more than 360, the zero or refer-
ence point shall be located at the 12 o’'clock position.

i. Scale Break - There shall be an obvious break of at least 10 degrees of
arc between the two ends of the scale, except on multi-revolution instru-
ments such as clocks.

j. Number of Pointers - Whenever precise readings are required, not more
than two coaxiai pointers shall be mounted on one indicator face.
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Painter Alignment - When a stable value exists for given operating condi-
tions in a group of circular-scale indicators, the indicators shall be ar-
ranged either in rows so that all pointers line up horlzqntallr an the 9
o'clock position under normal operating conditions or in columns so that all
pointers line up vertically in the 12 o'clock position under normal operating
conditions. If a matrix of indicators is needed, preference shall be given to
the 9 o'clock position.

Relative Position of Scale Marks and Number - When reading time and
accuracy are critical, circular scale markings 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 (See Figure 9.4.2.3.3.4-2).

. Placement of Pointers - Pointers shall be located to the right of vertical

scales and at the bottom of horizonfal scales.

Placement of Numerals - Numerals shall be placed on the side of the
gradual[o.n marks away from the pointer to avoid having numbers covered
y the pointer. If space is limited (for curved or arc scales) numerals may
be Flzlaced inside of graduation marks to avoid undue constriction of the

scale.

Setting - If the display will be used for seiting a value {e.g., tuning in a de-
sired frequency), the unused portion of the dial face shall be covered, and
the open window shall be large enough to permit at least one numbered
graduation to appear at each side of any setting.

9.4.2.3.3.5 Clock and Timer Design Requirements

a,

Digital Clocks and Timers - Time measurement indicators shall be of the
digital readout type. Where applications reguire the display of qualitative
information (e.g., relative approximate time) other types of indicators (e.?.,
analog clocks andfor clocks of lesser accuracies) may be used, subject fo
the approval of the procuring activity.

" Fermat - Time measurement indicators shall indicate time or time intervals

in seconds {00 to 59), minutes (00 to 59), and hours (00 to 23). Values ex-
tending beyend 24 hours shall be displayed in ferms of days unless other-
wise specified. Greater or lesser resolufion will be provided as required.

Accuracy - Accuracy shall meet the requirements of the task.

Control Modes - Unless otherwise specified, the manual control modes
listed helow shall be previded for each time measurement indicator.

1. Start - Upon activation of the start control line, the indicator shall begin to
count within 100 milliseconds.

2. Stop - Uponactivation ofthe stop control line, the indicater shall stop within
100 millisecands.

3. Reset - Upon activation of the reset control line, the indicator shall reset
to zere 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 readln{g) at the rate of 2 digits per second.
downward slewing mode is not required.

¢) For applications where a "direct set" mode is provided in lieu of a timer
shall d|5p1a¥ the commanded reading within 500 milliseconds after the
activation of the "enter” or "proceed” command.

d) Upon activation of the count up command and start command, the
indicator will count up and continue counting uda through zero upon
reaching maximum count {e.g., 59:58, 59:59, 00:00, 00:01, 00:02).
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to Minimize Parallax

MSIS 108

10

Figure 9.4.2.3.3.4-2 Relationship Befween Pointer and Scale
Marks to Maximize Reading Accuracy
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e) Upon activation 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 mede shall be
implemented for event timers. The maode 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 hasdpasse the target time and is counting away
from it, if this ambiguity coul negativeg afféct system performance. For
example, an overtime light can be used.

9.4.2.3.3.6 Flag Display Design Reguirements

a.
h.

Use - Flags shall be used to display qualitative, non-emergency conditions.

Location and Mounting - Flag indicators shall be [ocated above the associ-
ated control switch, within meter windows, or with associated items as ap-
plicable. Panel ﬂa?s shall be mounted as close to the surface of the panel
as possible without obscuring necessary information.

Snap Action - Flags shall operate by snap action.

Contrast - A minimum of 75% [uminance contrast shall be provided be-
tween flags and their backgrounds under all expected lighting conditions.

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 malfunctioning dispiay and shall be readily appar-
ent to the operator under all expected levels of ifumination.

Paositions - Flag indicators shall be restricted to three positions, with prefer-
ence being given to the two-position type.

Information Content - Each flag indicator shall indicate a single, immedi-
ately identiftable event {e.g., the completed opening of a vaive).

Legend - Alphanumeric legends shall be used in lieu of, or in addition to,
color coding whenever possible. When a legend is provided on the flag,

the Iett%_rmg shall appear upright when the flag assumes the active or no-
go position.

Gray Flag - A %ray colored (blank position) mechanical "talk back” flag
shall mean that a particular system element is in an cperational mode or is
not inhibited from operation,

Barber Pole Flags - A barber pole {striped) flag shall mean that a particular
system element is indeterminant, inactive, or inhibited from operation.

rRﬁddFlag - a red flag shall mean that a particular system element has
alled.

Test Provision - A convenient means shall be provided for testing the op-
eration of flags.

9.4.2.3.3.7 Digital Display Design Requirements

a.

Mounting - Counters shall be mounted as close as possible to the panel
surf?ce S0 as to minimize parailax and shadows and maximize the viewing
angle.

Spacing Between Numerals - The horizontal separation between numerals
shall be between one quarter and one half the numeral width. Numbers
having more than five digits shall have groups of three digits separated by
either blank space equivalent to one-half the width of one character or by
commas. Grouping shall start from the right.
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Movement:

1. Snap action - Numbers shall change by snap action in preference to
continuous movement.

2. Update rate - The update rate shali not be faster than two per second,

3. Reset- The rotation of a counter reset knob shall be clockwise to increase
the counter indication or to reset the counter.

4. Slew rate - Manual slewing modes, when R:ovided, shall be capable of
slewing individual digits at & narmal rate of ftwo characters per second. A
separate control shall be f:rov:ded for each individual digit (e.g., "units”
digit, "tens" digit, ete.), unless otherwise specified.

lNlumination - Digital displays shall be self-illuminated when used in areas
md)'vhiriq %T?len illumination will provide display luminance below 3.5
cd/m -L).

individual characters shall normatly be limited to the numbers O through 9,
the capital letters of the English alphabet (A through Z), the plus (+) and mi-
nus {-} signs, and the decimal point.

Accuracy - Digital indicators shall possess an internal accuracy equal to or
better than the least significant digit displayed by the indicator.

Analog Inputs - When analog[-to-djgital conversion is required to display an
a_nalolg signal in dlg?ital form, the displayed digit(s) shall reflect the analog
signal rounded off to the nearest whole number of the least significant digit
displayed (Note: 0.5 shall be rounded up).

9.4.2.3.3.8 Light Emitting Diode (LED) Design Requirements

a.

In general, the standards for LEDs will be the same as the reguirement for
transilluminated displays, paragraph 9.4.2.3.3.11 of this standard.

Intensity Control - LEDs shall be capable of being dimmed.

Color Coding - Use of LED color coding shall conform to Paragraph
9.5.3.2i, herein.

Lamp Testing - LED indicator lights with less than 100,000 hours mean
time between failure (MTBF) shall require a lamp testing capability.

9.4.2.3.3.9 Visual Display Terminal (VDT) Design Requirements

a,

_Rehsolution - All displays shall have a minimum resolution of 67 lines per
inch.

Luminance - The minimum level of luminance recommended for charac-
ters an a VDT, regardless of wavelength, shall be 70 cd/m” (20 fL) with a
level of 170 cd/im® (50 L) preferred.

Contrast:

1. Controls - VDTs shall be equipped with controls that permit the crew to
optimize VDT discriminability under all anticipated environmental and
systems opera_tlng conditions. Adjustment of brightness, contrast, and
other electronic parameters shall permit the defection of the weakest
target that is simulated.

2. Tolerance - Operating tolerance for contrast shall be 2 %.

3. Manual control - Under normal operating conditions, a manual VDT
brightness cantro| shall be provided ajllowin% selection of contrast between
%hg{owest intensity symboiogy and its backgraund of from 1.1 fo at feast
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4. High ambient - As the highest ambient light level is reached, the confrast
rafio between the lowest intensity symbology and the background shall
de ratdg)to not less than 2:1 (uniéss'a lower contrast has been manually
selected).

5. Automatic control - Where critical imageséthose necessary for crew safety
and mission success) are exposed to rapid or frequent changes in ambient
light levels, the contrast ratic shall be automatically maintained at a level
selected by the operator.

6. Recommended contrast - The maximum contrast shall be 90%, the
minimum shall be 88%. This narrow range apg;lies specifically to alpha-
numeric displays with contrast defined as. %G = (Le+Ln)-{Ld+Lr) x 100,

C = contrast, Le = character luminance, Ld = background luminance, Lr
= reflected luminance.

Glare - Glare from a VDT screen shall be controlled for viewing from any
angle within 30" of the axis normal to the screen.

{Refer to Paragraph 9.4.2.2¢c, VDT Enhancement, for recommendations
on glare control.)

Surround:

1. The luminance range of surfaces immediately adjacent to the display shali
be between 10% and 100% of screen background luminance.

2. Surfaces adjacent to the display shall have a dull matte finish.

Flicker - the refresh rate for VDTs shall not be less than 55 Hz. For al-
phanumerics presented in ne%atlve contrast (dark characters on light back-
ground) the refresh rate shall be at least 100 Hz.

Viewing Distance and Angie:

1. A nominal viewing distance of 510 mm (20 in.} for VDT use shall be
provided.

Refer to Paragraph 9.4.2.2¢, VDT Enhancement, for additional informa-
ion on recommended viewing distances for VDT displays.)

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 fo, the screen.

Instaliation - The face of VDT displays shall be flush with the surface of
the panel in which it is installed.

VDT Alphanumerics:

ERef_erto Paragraph 9.5.3.1.14, Alphanumeric Design, for Labeling and
oding Requirements.)

1. Character definition - The smallest definition for a dot matrix shall be 5 by
7 dots, with 7 by 9 preferred. [f 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, a standard font shall be used
across an entire system.

k) The font shall include lower case characters and allow for descenders.

c) Superscripts and subscripts shall be provided.
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3. Character size:

a ) Character height:

1) For extended text, character height shall subtend a minimum of 1
minutesof arc for low definition characters (5x7). The maximum heigh
shall be 22 minutes of are unless a task analysis indicates need for a
greater height in any specific application,

2) Flight display characters (not extended text) shall not subtend less than
24 rgl_;]utes of visual angle to ensure adequate legibility under launch/entry
condittons.

b) Eh_aﬁcterwidth - Character width shall be approximately 75% of character
eight.

) 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
greatenough so thatimmediately adjacent ascenders and descendersare
separated by at least one blank pixél.

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 at |Ir)‘IE shall be one pixel or 20% of character width (whichever is
greater).

c. Descender Length - Descenders shall descend below the line by a
distance of 10% to 15% of the upper case letter size.

5. Case - Extended text shall be in uppercase and lowercase letters. Words
consisting of uppercase letters shall be used only to attract the operator's
attention (e.g., for a label or title).

Target Size - When rapid identification is required (e.g., a target of com-
plex shape is to be distinguished from a non-target shape that is also com-
plex), the target signal shall subtend no less than 20 minutes of visual
angle at the intended wewmgﬂdlstance. (The term "target" is used o

mean any object, symbol, pattern, or marking that an operator must see.)

Display Face Facsimiles - Images of scale indicators, di?ital indicators, sig-

nal devices, and other display Taces synthesized on VDT screens shall con-

(qun'nl fo the general requirements previously listed for specific types of
isplays.

Color - When color VDTs are used, the¥ shall possess the cagabillty to dis-
plaér at least four colors {in addition to black and white) for alphanumeric
and two-dimensional displays. For three-dimensional graphics displays

the VDT shall possess the capability to display at least nine colors.

. Display Overlays - The VDT shall provide the capability to display video

with text and gfaphic overlays.

Highlighting - VDT, as a minimum, shall provide the following highlighting
techniques: beld (high intensity) characters, reverse polarity, blinking.

Windowing - The VDT shall provide windowing capability. The user shall
have the capability to create windows, delete windows, overlay windows,
aclivate windows, move windows, and size windows, fmages within win-
dows shall be scrollable, if they are larger than the window itself.
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9.4.2.3.3.10 Hardcopy Display Design Requirements

a. Printers:

1. The printer shall print copy at a rate of at least 400 words per minute if the
user is interacting with the computer through the printer.

2. Printer delay shall be no more than 1 to 2 seconds to acknowledge a
command if the user is interfacing with the computer through the printer,

3. Printer noise level shall not exceed the NC 50 contour. Ifitdoes, the printer
shall be in an enclosed area away from other personnel.

kRgfer ta Paragraph 5.4.3.2.3.1, Wide-Band, Long-Term Annoyance
oise Exposure Requirements, for specific reguirements.)

4. Paper advance control or print head advance shall be provided to permit
the operator to read the most recently printed line.

5. A provision shall be made for taking up paper.

8. The capability to remove printed material rapidly and neatly shall be
provided.

7. There shall be an indicator of the remaining paper supply.

8. Reloading paper or replacinlg ribbon shall be accomplished without disas-
sembly or using special tools.

9. Paper retainers shall be provided to reduce paper vibration.
10. Guides shall be provided to facilitate accurate positioning of the paper.

11. Where applicable, printers shall be designed to accept a variety of paper
sizes.

12. The printer shall have graphics capability unless otherwise specified.

13. Where aPpIiwble printers shall have draft mode (high speed) and high
print quality mode (lower speed).

14. A print malfunction alarm shall be provided to alert the user when
requested printing is not being done due to some malfunction.

18, Matte finish paper shall be used to avoid smudged copy and glare.

16. Hard copy print shall be black characters on a white background unless
otherwise specified.

Plotters and Recorders:

1. Use - Plotters and recorders shall be used when a visual record of
continuous graphic data is necessary or desirable.

2. Visibility - Critical graphics (those points, curves and grids that must be
observed when the recording is bein made)shal| not be obscured by pen
assembly, arm, or other hardware elements.

3. Contrast - A minimum of 50% luminance contrast shall be provided
between the plotted function and the background on which it is drawn.
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4. Take-up device - Atake-up device for extruded plotting materials shall
be provided.

5. Job aids - Graphic overlays shall be provided where these may be
critical to proper interpretafion of graphic data as it is being generated.,
Such aids shall not ohscure or distort the data.

6. Smudging/smearing - The plot shall be resistant to smudging or smearing
under operational use.

9.4.2.3.4 Display Maintenance Design Requirements

a. LamP Redundancy - Incandescent display lighting shall incorporate fila-
ment redundancy or dual lamps. When one filament or bulb falls, the inten-
sity of the Ii%ht shall decrease sufficiently to indicate the need for lamp
replacement, but not so much as to degrade operator perfermance.

b. Lamp Testing - When indicator lights using incandescent bulbs are in-
stalled on a controf panel, it shall be possible to test all control panel lights
at one time, When appficable, design shall allow testing of all contrel pan-
els at one time. Panels containing three or fewer lights may be desighed
for individua! press-to-test bulb testing.

¢. Lamp Replacement - \Where possible, lamps shall be removable and re-
placeable from the front of the display panel. The procedure for lamp re-
moval and replacement shall not require the use of tools and shall be
easily and rapidly accomplished.

d. Lamp Removal Safete/ - Display circuit desiﬂn shall permit lamp removal
and replacement while power is applied without causing failure of indicator
circuit components or imposing personnel safety hazards.

9.4.3.3 Audio Displays Design Requirements
9.4.3.3.1 General Design Requirements
General requirements for the design of audic displays are provided below.

a. False Alarms - The design of audio display devices and circuits shall pre-
clude false alarms.

b. Failure - The audio display devices and circuits shall be designed to pre-
clude warning signal failute related to system or equipment failure and vice
versa. Positive and afiention demanding indication shall be provided if fail-
ure Qecurs.

¢. Circuit Test - All audio displays shall be equipped with circuit test devices
or other means of operability testing.

d. Disable - An interlocked, manuat disable shall be provided if there is any
failure mode which can result in a sustained activation of an audio disptay.

9.4.3.3.2 Audio Input/Output Equipment Design Requirements

a. Frequency Response - Microphones/input devices, loudspeakers/output
devices, and associated audic system devices shall be designed to re-
spond optimally to that part of the speech/audio spectrum most essential
to intelligibility ﬁ.e. 200 to 6,100 Hz). Where system en%lneenn necessi-
tates speech transmission bandwidths narrower than 200 to 6,100 Hz, the
minimum acceptable frequency range shall be 250 to 4,000 Hz. Amplitude
variation across the frequency response bandwidth (flathess) shall be not
vary more than +/- 3dB.
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b. Microphones/input devices:

1. Dynamic Range - The dynamic range of a mic_rophonelin?ut devices shall
be great enough to admit variations in signal input of at least 50 dB.

2. Noise Canceling - Noise canceling microphone/input devices are required
for high noise ehvironments (85 dB (A) or above) and are preferred in all
areas.

c. Loudspeaker/outpuf devices :

1. Sidetone - The speaker's verbal input shall be in Phase (not have a
perceivable delay) with its reproduction as heard on the output device.

2. Audio equipment used to feed multiple channels into output devices shall
maintain the frequency response uniformly (+/- 5dB} over the bandwidth.

3. Headsets - If listeners will be working in hE?h ambient noise (85 dB{A) or
above), binaural rather than monaural headsets shall be provided. Unless
operational requirements dictate otherwise, binaural headsets shall be
wired so that the sound reaches the two earsino posmg phases. Their
attenuation qualities shall be capable of reducing the ambient noise level
to lessthan 85 dB(A). Provisions shall be incorporated to furnish the same
protection to those who wear glasses.

d. Use of Deemphasis - When transmission equipment em IOYS pre-empha-
sis and peak-clipping is not used, reception equipment shall employ fre-
quency Deemphasis of characteristics complementary to those of
pre-emphasis only if it improves intelligibility (i.e., Deemphasis shall be a
negative-slape frequency response not greater than 9 dB per octave over
the frequency range 140 to 4,800 Hz).

e. Feed Back Noise - Positive feedback noise shall be controlled to the ex-
tent that normal voice communication is not adversely affected.

f.  Earphone/Speaker To Micrephone Feedback Isolation:
1. Sufficlent electrical, mechanical, and acoustical isclation shall be provided
to preclude feedback oscillations fsqueal problems) or echo effects (no
discernable unwanted voice echo to speaker).

2. %arpt}oneISpeakerto microphone system loop gain shall be imited to less
an 1.

9.4.3.3.3 Operator Comfort and Convenience Design Requirements

a. Comfert - Communication equipment to be wern by a crewmember (e.g.,
headphones) shall be designed to preclude operator discomfort. Meta
parts of the headset shall not come in contact with the user's skin.

b. Hands-Free Operation - Operater microphones and headphones shall be
designed to permit hands-free operation under normal working conditions.

98.4.4.3 Caution and Warning System Design Requirements
9.4.4.3.1 Alarm Ciassification Design Requirements

9.4.4.3.1.1 Emergency Display Design Requirements

a. Definition of Class 1 Alarm - A life threatening condition requiring immedi-
ate attention. Predefined crew responses may be required prior to taking
corrective action. Safe haven concept activation may be necessary. Exam-
ple"sj.:'ca bin pressure decrease, fire/smoke, toxic atmosphere, impending
collision.
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Annunciation Requirements:

1. Each condition shall trigger a unique aural tone, (e.g., fire-siren, cabin
pressure-klaxon).

2. Tones and visual annunciation shall be heard and seen in any habit
able area.

3. Tones shall wake sleeping crewmembers,

4. lluminated visual annunciation shall indicate presence of specific emer-
gency condition.

5. Tone shall be resettable at ail major control consoles/areas.

6. Corrective action information shall be available.

9.4.4.3.1.2 Warning Signal Design Requirements

a.

Definition of Class 2 Alarm - Conditions that require immediate correction
to avoid loss of major impact to mission or potential loss of crew. Exam-
ples: electrical bus loss, cocling loop failure, rapid loss of consumables.
Annunciation Requirements:

1. A warning signal shall trigger an ideniifiable warning tone and master
warning light at all major contrel consoles/areas.

2. Tone and light shall be reset only by crew action.

3. Tone shall be adjustable in sleeping quarters to wake or not to wake
sleeping crewmembers as desired (but, see "4" below).

4, At tealst one crewmember shall always be available to receive a warning
signal.

5. Message or light shall be provided to specify condition.
6. Method shall be provided to determine if condition returns within limits.

7. Corrective action information shall be available upon crew request.

9.4.4.3.1.3 Caution Display Design Requirements

Requirements for the design of caution displays are provided below.

a.

Definition of Class 3 Atarm:

1. Conditions of a less time critical nature, but with the potentiat for further
degradation if crew attention is not given. Example: heavier than normal
consumable usage.

2. Messages that flag loss of redundant equipment such that a subsequent
failure could result in a 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,

Annunciation Requirements:

1. Caution displays shall trigger a general tone and light gdifferent than class
2 toneflight) for a set time duration. This duration may be set differently for
each caution condition .

2. Tene and light shall be extinguishable by crew action.
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3. Data system message shall specify condition and corrective action at the
discretion of the crew.

4. Tone shall be adjustable in sleeping guarters to wake or not to wake
sleeping crewmembers as desired (but, see "4" below.)

5. At Iealst one crewmember shall always be available to receive a caution
signal.

6. A method shall be provided to determine if condition returns within limits.
7. A method shalt be provided to identify momentary out of limits condition.
9.4.4.3.2 General Caution and Warning System Design Requirements

IGeneral requirements for caution and warning systems (CV¥S) are provided be-
ow.

a. CWS Recovery - The CWS shail be rapidly recoverable from a software
system crash.

b. CWS Test Limits - Permanent limit or test conditions shall be stored redun-
dantly in such a way that they are protected from system crashes and sin-
gle operator errors involved with temperary limit chahges.

€. System Failure - The system shall remain operable during and after major
system failures (power, data, etc.).

d. Safe Haven CWS - The CWS shall be able to suPplr] life support and res-
cue systems status to crewmembers using a "safe haven".

e. Flexibility - The CWS design shall provide for any anticipated expansion or
recanfiguration of the space module or the addition of new modules, pay-
loads, or experiments.

f. Sensor Changeout - Critical CWS sensars shall be accessible for
changeout when feasible.

g. Sysiem Status During Alarm - After an alarm is triggered, it shall be quickly
determinable if the out-of-limit condition still exists and/or if a new out-of-
limit condition ocours.

h. CWS Suppression - The CWS shall allow alarms, due to predefined activi-
ties or conditions, to be screened or suppressed.

i. Alarm Source - The source of an alarm due ta any limit violation shall be
easily determined (even if alarm condition is no longer present}.

j.  Time History - The history of all alarms shall be maintained and shail be
easily retrievable, with the time of occurrence noted.

k. Alarm Classification - The approximate level of classification of an alarm
shall be instantly apparent.

I. CWS Status - After real-time modifications are made to CWS software, ex-
act status shall be easily determined.

m. CWS Baseline Limits - A return to the baseline (default) configuration of
the C;;{\_IS shall be easily enabled after a temporary modification or software
crash.

n. Multiple Alarms - A single failure condition shall not cause a "waterfall" of
related alarms. However, all out-of-imit conditions shall be retrievable by
crewmembers.

0. Existing Signais - Established and recognized audio afarm signais shall be
used, pravided they are compatible with the acoustic environment and the

requirements specified herein. Standard signals shall hot be used to con-
vey new meanings.
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p. Priority - The CWS shall recognize the highest category of unacknow-
ledged signal.

q. Disruptive Alarms:

1. All Class 1 through 3 alarms that would disrupt crew performance shall,

be capable of being easily downgraded to a redundant but non-disrup-
tive alarm after its initial alerting function has been acknowledged. For
example, an audio alarm might be downgraded to a non-disruptive visual
signal that would be presented continucusly until the alert condition no
lenger existed.

2. A disrugtive alarm that requires manual shut-off shall not be used if the
act of shutting it off would interfere with the corrective action required.

r.  Alerting Function - CWS alarm signals shall have positive alerting charac-
teristics under all operating condifions.

9.4.4.3.3 Visual Caution and Warning Display Design Requirements
a. Master Alarm Light:
1. A master alarm light shall he provided in cases where caution, warning,

or emergency lights have been located outside of the operator’s 30 degree
cane of vision.

2. llumination of the master alarm light shali indicate that at least one ormore
caution, warning, or emergency lights have been energized.

3. The master alarm light and any applicable caution, warning, oremergency
light{s) shall be energized simultaneously.

. Magtelr alarm status lights shall be visible from any location in a space
module.

b.  Advisory and Alerting - Displays such as multifunction displays, cathode
ray tube displays, head-up displays, collimated 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.

c. Extinguishin? Signal Lights - Signal lights shall be extinguished by one or
more of the following methods:

t. Restoration ofa within-tolerance condition without remedial actionorasa
result of automatic switch-over,

2. Correction of the situation as a result of remedial action by the crew.

3. Performance of some action by the crew which is directly related to the
controls of the affected system or component. This action indicates one
aor more of the following:

a) An acknowledgement of the occurrence of the malfunction.
b} The completion of indirect remedial action.
¢} The shutting down of the malfunctioning system or companent.

d. Unambiguous Sig{nals - CWS information shall be presented unambigu-
ously, identifying the actual problem.

e. Color - The color of CWS indicator lights shall conform to the designation
given in JSL-002.

f.  Brightness - Indicator lights shall be at least three times brighter than the
other indicators on the same panel.

S TN A SE D G A EN My SR N s R A e
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9.4.4.3.4 Audio Caution and Warning System Display Design Require-

ments

9.4.4.3.4.1 Audio Alarm Characteristics Design Requirements

Frequency:

1.

Range - The frequency range shali be between 200 and 5,000 Hz and, if
possible, between 500 and 3, 000 Hz. Frequencies below 500 Hz shall be
used when c|ignalss must bend around obstacles or pass through partitions.
The selected frequency band shall differ from the most intense back-
ground frequencies.

2. Spurious signals - The frequency of an alarm tone shall be different from

that of the eleclric power employed in the system to preclude the possibility
that a minor equipment failure may generate a spurious signal.

Intensity

1.

Compatibility with acoustical environment - The intensity, duration, and
source locafion of audio alarms and S|cgjnals shall be compatible with the
acoustical environment of the intended receiver as well as the require-
ments of other personnel in the signal areas.

. Compatibility with clothing and eqguipment - As applicable, audio signals

shall be loud enough to be heard and understoed through equipment or
garments.

. Discomfort - Audio alarm signals shall hot be of such intensity asto cause

discomfart. The limits established in paragraph 5.4.3 Acoustics Design
Requirements shall not be exceeded.

. Audibility - 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 position
of the intended receiver.

. Pressure operated gain contrcl switches to compensate for volume

attenuation in underpressurized areas shall be provided.

Alerting Capability:

1

. Attention - Signals with high alerting capacit¥ shall be provided when the

system or equipment imﬁoges a requirement on the operator for concen-
tration of attention. Such signals shall not, however, be so startling as to
preclude appropriate responses or interfere with other functions by holding
attention away from other critical signals.

. Onsetand sound Fressure level - The anset of critical alerting signals shall

be sudden, and at a sound pressure level as specified in b.4. above.

. Headset - When the operator is wearing earphones covering both ears

during normal equipment operation, the audio alarm signal shall be
direcfed to the operator's headset as well as to the work area.

Discriminability:

1.

Use of different characteristics - When several different audio signals are
to_be used to alert an operator to different types of conditions, dis-
criminable difference in intensity, pitch, or use of BEATS and HARMON-
ICS shall be provided. f absolute discrimination is required, the number
of signals to be identified shall not exceed four.

. Action segment - The identifying oraction segment of an audio emergency

signal shall specify the precise emergency or condition requiring action.
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. Critical signals - The first 0.5 second of an audio signal re?uiring fast

reaction shall be discriminable from the first 0.5 secend o

: any othe
signat that may occur.

. Differentiation from routine signals - Audio alarms intended to bring the

operator’s attention to a malfunction or failure shall be differentiated
from routine signats, such as normal operation noises.

. Prohibited types of signals - The fellowing types of signals shall not be

used as alarms where possible confusion might exist because of the
operational environment:

a) Modulated 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 regularly

or irregularly spaced in time.

d) Simple warbles that may be confused with ihe type made by two carriers

when one is being shifted in frequency (beat-fequency-oscillator effect),

e) Scrambled speech effects that may be confused with cross modulation

f)

signals from adjacent channels.

Signals that resemble random noise, periodic pulses, steady or frequency
modulated simple tones, or any other signals generated by standard
countermeasure devices (e.g., "bagpipes”).

g) Masking Other Critical Channels - Audic alarm signals shall not interfere

with any other critical functions or mask other crifical audio signals.

9.44.3.4.2 Audio Alarm Controf Design Requirements

a.

b.

Automatic or Manual Shut-Off - When an audio signal is designed to per-
sist as long as it contributes useful information, a shut-off switch control-
lable by the operator, the sensing mechanism, or both, shall be provided,
depending on the operational situation and personnel safety factors.

Automatic Reset - Whether audio alarm signals are designed to be termi-
nated automatically, by manual control, or beth, an automatic reset func-
tian shall be provided.” The automatic reset function shall be controlled by
the sensing mechanism which shall recycle the signal system to a speci-
fied 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 mecha-
nism, or both, depending on the operational situation and personne| safety
factors. Control movements shall be restricted to prevent reducing the
volume to an inaudible level.

. Ganging to mode switches - Volume controls may be ganged to mode

switches to provide maximum output during mission phases in which
intense noise may( oceur and to provide reduced volume at other times.
Ganging shall not be accomplished if there is a possibility that intense
noisé 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 Design Requirements

a.

9.4.6 Advisory and Tutorial Displays
9.4.5.1 Advisory and Tutorial Design Requirements
9.4.5.1.1 Advisory Display and Annunciation Requirements

NASA-STD-3000/VOL.III

Nature of Signals - Verbal alarm signals shall consist of:

1. Aninitial aleﬂing signal {(nen-speech) to attract attention and to designate
the general problem.

2. A brief standardized speech silgnal (verbal messaget) which identifies the
specific condition and optionally suggests appropriate action.

Intensity - Verbal alarms for critical functions shall be at |east 20 dB above
the speech interference level at the operating position of the intended re-
ceiver.

Vocal Criteria:

1. Type of Voice - The voice used in recording verbal alarm signals shall be
distinctive and mature.

2. Delivery style - Verbal alarm signals shall be presented in a formal,
impersonal mannet.

Speech Processing - Verbal alarm sighals shall be ﬁrocess_ed only when
necessary to increase or preserve intelligibility, such as bwhcreasmg the
strength of consenant sounds relative to vowel strength. ere a signal
must be relatively intense because of high ambient noise, peak-clipping

may he used to protect the listener against auditory overicad.

Message Content - In selecting words to be used in audio alarm signals,
pricrity shall be given to intelligibility, ability to cenvey desired message,
and conciseness in that order.

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.

Definition of an Advisory Display - System initiated messages advising? of
a processs status or other discrete event. Examples. Rendezvous solution
complete, mass memory search for format in roglress. Crew programmed
reminder alerts keyed té time, orbit phase, bi-level state, parameter limit.
Annunciation Requirements:

1. No tones or lights shall be provided.

2. Message shall accompany all alerts.

3. A hisﬁtory of all messages shall be main- tained and available for crew
recail.

4. If advisory display is crew programmed the option shall be provided to
direct it to all workstations or to a single designated workstation.

5. [fadvisory display is not crew programmed it shall be limited by the specific
workstation.

6. If advisory displays are crew programmed aural annunciation, the options
shall be provided to direct them to one or mare work locations.
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9.4.5.1.2 Tutorial Display and Annunciation Requirements

a. Definition of a Tutorial Display - Messages denoting illegal keyboard
syntax, or for assisting in proper completion of required inputs. These
are limited to software configuration requirements.

b. Annunciation Requirements:
1. No tones/lights shall be used.
2. Messages shall be limited to the workstation in use.

9.5.3 Labeling and Coding Design Requirements

9.5.3.1 Labeling Design Requirements

9.5.3.1.1 Labeling Standardization Design Requirements

a. Standardization - To the extent practical, labeling shall be standardized be-
tween 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 in-
structions is not an emergency procedure ar a stowage label).

9.5.3.1.2 Readability Design Requirements

a. Vibration, Mation, and lllumination - Labels and markings shall allow easy
and accurate reading in the operational environment, which includes vibra-
tion, mofien, and illumination considerations.

k. Concise and Unambiguous - Labels shall be as concise and unambiguous
as possible while still conveying the intended information.

c. 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 [abels and markings shall be appropriate for all dis-
tances from which they must be read.

;Refer to Paragraph 9.5.3.1.14.6, Character Height Design Reguirements,
or additional requirements.)

g. lliumination - Labels and markings shall be designed to be read at all ex-
pected illumination levels and color characteristics of the illuminant.

h. Critical Function - The design of labels and markings shail take into ac-
count the criticality of the function to be labeled.

i. S#ecular Reflection - The design of labels and markings shall minimize the
effects of specular reflection on their readability. A matte or lusterless fin-
ish shall be used.

j.  Sharpness, Contrast, and Wear - Labels and markin%s shall be sharp,
have high contrast, and not lose readability as a result of wear.

k. Clutter - Labeling and markings shall be designed and placed so as to mini-
mize visual clutter that could result in information overload.

I lconic/Symbolic Labels - Iconic of symbalic labels shall be permitted.
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9.5.3.1.3 Display Label Placement Design Requirements

a. Orientation - All markings and labels shall be oriented horizontally to the
common plane so that they may read quickly and easily from left to right
(vertical orientation shall be avdided whenever possible).

b. Display Labels - Labels identifying display functions shall be placed on the
panel above the display.

c. Curved Syrfaces - Placement of labels on curved surfaces shall be
avoided when possible.

d. Visibility - Markings shall be located so that they are visible to crewmem-
bers in'the normal position of access or operation.

e. Qverhead Panels - On ocverhead panels, markings and labeling shall be ori-
ented such that they appear upright when observed from the eperational
viewing angle.

f.  Clutter - Markings shall be spaced to aveid a cluttered appearance.

g. Association Errors - The arrangement of 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 Marking Design Requirements
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.

3. In general, scales that are to be read guantitatively to the nearest gradu-
ation mark shall be designed so that interpolation between glra uation
marks is not necessary. Interpolation, if required, shall be limied to one
half the distance between minor graduation marks.

b. Interval Values:

1. The graduation intervals shall Progress by 1, 5, or 2 units or decimal
multiples thereof, in that order of preference.

2. The number ofdgraduation marks between numbered graduation marks
shall not exceed 9.

¢. Scale Markings (High Luminance - above 1 ft-L):

1. The minimum width of major, intermediate, and minor marks shall be 0.32
mm (0.0123in.).

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 0.09in.), respectively.

3. ;%hg _mi;wimum distance between major graduation marks shall be 13 mm
2Nk

4. Minor graduation marks may be spaced as close as 0.89 mm (0.035in.),
but the distance shall be at least twice the stroke width for white marks on

?Iack dial faces and at least one stroke width for black marks on white dial
aces.
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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 Q.76 mm
(0.03(8 1(5]2)5 an;l the minimum width of a minor graduation shall be 0.6
mm (U In.).

2. The length of major, intermediate, and minor graduation marks shall be at
leastS5.6 mm, 4.1 mm, and 2.5 mm (0.22, 0.16, and 0.1Q in.}, respectively.

3. ;I;Jhg Er’n_ini)mum distance between major graduation marks shall be 16.5 mm
. n.).

4. Graduation marks shall be spaced a minimum of 1.5 mm (0.06 in.)
between centerlines.

8.5.3.1.5 Alignment Marks/Interface Identification Design Requirements
a. Hardware Connectors

&Refe_r to Paragraph 11.10.3.5, Connector Identification/Alignment Design
equirements, for additional information.)

§Refer o Paragraph 11 .5.3.2, Alignment Devices Design Requirements,
or specific requirements.)

b. Orientation - When a piece of hardware requires a specific orientation that
cannot be identified by alignment marks, arrows and/or labels shall be
used to indicate the proper orientation.

¢. Color - Unless color coding is to be employed, alignment marks shall be
lusterless white on dark colored hardware ‘and lusterless black on light col-
ored hardware.

Identification - Interface identification shall be used to indicate the relation-
ship between unattached iterns that are used together, except when this re-
lationship 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.)

9.5.3.1.8 Equipment Identification Design Requirements

a. Equipment Marking - Equipment that must be located, identified, observed,
or operated by a crewmember shall be marked with nomenclature that de-
scribes the function of the item and its pertinent interfaces. However,
items whose use is obvicus to the crew (e.g., food table, windows, etc.}
are exempt from this requirement.

k. Numbered items - Multi-quantity items that require individual distinction but
are not serialized shall be individually numbered.

¢. Serial Numbers - Multi-guantity items that are serialized shall display the
serial number as part of the identification.

d. Name Plates - Name plates depicting manufacturer's name, serial num-
bers, etc., shall not be mounted on the confrol or display surface area of
any equipment.

9.5.3.1.7 Location and Orientation Coding Design Requirements

a. Location and Orientation Designation - A system of location and orienta-

tion coding shall be established for the purpose of designating and Iocat!ngi
crew interface items. The system shall be so designed as to permit a unifat-
eral logical assignment of codes to items added of relocated.

B TN B EE I BN & S B I T & = E =
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Location Maps - A map of location codes shall be provided at the en-
trances to a room or sub-volume where the coding scheme is not obvious
to the crewmember.

Location Code:

1. All fixed crew interface items (e.g., eguipment, control/display stations,
stowage containers, connector panels, etc.) shall display a location code
adjacent to the identification marking.

2. Movable items that require a crew interface but are not stowed in a
g?nt?lnment shall display a location code on a fixed surface adjacent to
e item.

Orientation Designation - When the orientation of the vehicle axes is signifi-
cant to crew operations and is not cbvious, axis designators shall be dis-
played on appropriate surfaces.

9.5.3.1.8 Operating Instruction Design Requirements

a.

Location - Operating instructions shall be located on or near equipment
whose operation is not obvious to a crewmember.

Completeness - Operating instructions shall be complete enough to allow
accurate task performance.

Equipment Name - The instructions shall have the title of the equipment to
be operated centered above the text (see Figure 9.5.3.1.8-1).

Grouping - Instructions shall be grouped and titled by category (e.g., instal-
lation, removal, activation, calibration, efc.) if appropriate. EzSee example in
Figure 9.5.3.1.8-1).

gassg 1— Ié151t)ructional text shall use upper and lower case letters (See Figure

Title Selection - The titles of ecluifment, controls, disglays, switch posi-
tions, and connectors shall be listed in upper case letters only. Care shall
be taken to ensure that all title nomenclature is consistent with procedural
handbooks and checklists.

Required Toals - Instructions for removal of stowage items shall list the
tools required, if any, 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

a.

Purpose - Stowage containers shall be labeled so that itemns are easy to
find and return to place.

Transparent - Where practical, containers shall be transparent, thus allow-
ing identification of contents at a glance.

Contents 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 taunch quantities noted if greater than one.

Label Revision - Provisions shall be made to permit in-flight revisions to, or
replacement of stowage labels on all stowable containers.

Individual Crew ltems - ltems allocated to a specific crewmember shall be
identified on the listing with the user's title, name, or other coding tech-
niggue,
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' SMMD \
OPERATION

Cbtain nols pad

Place sceciman on tray

MASS/ONTEMP — MASS

RESET — prass

Control laver — RELEASE (hoid until counter 5tops)
Contral lever — LOCK

Log reading on nate pad

Rapeat measurement far total of 3
MASS/COFF/TEMP - OFF

10. Controi lever — LOCK (verity)

11. Remove specimen and log SMMD readouts on tag
12. Process specimen

13. it necassary clean tray and tie-down

CALIBRATION

Cbtain SP1{ood log

Measura tray temp (M487 Digita! Thermomaeter)
Log reading

MASS/OFFTEMP ——MASS

RESET — presa

Comrot iever — RELEASE (hatd urtil countar stops)
Control lever — LOCK

Log reading in Food Log

Repeat for atotalof 5

Calib. points 0,50,100,150,250,350,500,750,800,0
MAS S/OFF/TEMP — OFF

D@DNBDLIn AL -

-
ShwmNensLL -

\12. Voce fecord data at any canvenient tima ‘/

Figure 9.5.3.1.8-1 Operating tnstructions
MSIS 104
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f. Subdivided Containers:

1. If a storage container is subdivided internally into smaller closed contain-
ers, the sub-containers shall carry a list of contents.

2. Ifa sub-container is otpen to view and its contents are obvicus, it is exempt
from this requirement.

3. Ifthe available markin? space on a sub-container is insufficient to display
the complete content fitles, a contents list shall be displayed elsewhere
and cleary identified as belonging to the sub-container.

4, The specific contents of each sub-container and its code shall be listed on
the front surface of its container or near it.

g. Similar item Labeling - Containers with designated locations for placement
of several similar items (e.%. socket wrenches in a tool kit) shall have each
focation identified with the fitle of the item stowed.

9.5.3.1.10 Failed/Expendable item Design Requirements

a. Failed ltems - A method shall be provided for visually marking failed and
expended items (e.F., ecluipment contrals, displays, connectors, etc.) to in-
dicate their unusabie status. Color-coded labels with appropriate nomen-
clature (e.g., DO NOT USE) are preferred.

b. Discardable Items - ltems to be discarded after use shall display a unique
marking on the item. Color-coded labels with appropriate nomenclature
(e.g., DISCARD) are preferred, and the method of disposal shall be in-
cluded when applicable.

9.5.3t.1.11 Contingency Labels and Marking Devices Design Require-
ments

a. Blank Labels - Blank labels shall be provided to allow contingency label-
ing.

b. Marking Devices - Marking devices shall be supplied for marking blank la-
bels and revising quantities noted on stowage labels.

9.5.3.1.12 Grouped Controls and Displays Design Requirements

a. Group Identification - Functicnal groutjas of controls shall be clearly identi-
fied {e.g., by common color, by boundary lines.)

b. Labels of Functional Gr_ou?s - Labels shall be used to identify funclionalty
?rouped controls and displays. Labels shall be [ocated above the func-
ional groups they identify.

¢. Boundary Lines - When a line is used to enclose a functional group and de-
fine its boundaries, the labels shall be centered at the top of the group, ina
break in the line. The widih of the line shall not be greater than the stroke
width of the letters.

d. Related Confrols - When controls and displays must be used together in
certain adjustments or activation tasks, appropriate labels shall indicate
their functional relationships.

9.5.2.1.13 Caution and Warning Labels Design Requirements

(Refer to 9.5.3.2i, Color Coding, and 9.4.4, Caution and Warning Displays, for
related information.)

a. Identification - Caution and warning labels shall identify the type of hazard
and the action that would prevent its occurrence.

b. Location - The caution markings shail be located in a position that permits
sufficient opportunity for the crew to avoid the hazard.
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¢. |mmediate Action Cantrols - All controis, buttons, and small handles or
levers requiring immediate access shall have their pane| background
colored in accordance with the applicable sub-section of Section
9.5|.3.2; !?rgit? handles or levers shall be similarly colored on the handle
or lever itself.

d. Emergency-Use Items:

1. Emergency-Use items {e.g., repair kits, emergency lighting, fire extin-
guisher, efc) shall display a unique marking (EMERGENCY USE) sur-
rounded by diagonal yellow and black stripes (see either on the item or
adjacent to it,

2. Foritems located within a storage container, the diagonal striping shall be
applied to the door of the container and the titles of the emergency items
shall be included on the marking instead of the words EMERGENCY USE.

e. Warning Stripe Specification:

1. Warning stripes shall be alternate yellow 33538 and black 37038 per
FED-3STD-595a. The bfack stripes shall have a width not less than 1.6
mm (0.065 in.) and the yellow stripes shall be at least two times the width
of the black stripes.

2. The stripinP shall be applied at a 45 degree angle rotated clockwise from
the vertical.

3. The striping shall begin and end with a yellow strip.

4. The striping arcund a switch or button shall not be wider than 25 mm (1
in) or less than 3 mm (0.125 in).

5. If one side of a switch or button has less than 3 mm (0.125 in) space, no
striping shall be applied to that side.

f.  Label Specifications - Hazard identification labels shall use a letter size
and spacing large enough to convey the warning (see Figure 9.5.3.1.13-1).

9.5.3.1.14 Alphanumeric Design Requirements
9.5.3.1.14.1 Font Style Design Requirements

a. Dark-Color Characters - Futura font shall be preferred. Commercial font
styles for dark-color opaque alphanumerics on light-color opaque or transil-
luminated backgrounds and for hardware labels are indicated below in de-
scending order of preference.

1. Fonts for engraved lettering: a) Futura Demibold, b) Gorton Normal,.and
¢) Gorton Condensed.

2. Fonts for engraved numerals: a) Futura Demibeld, b) Gortan Modern.and
c) Gorton Normal.

3. Fonts for printed [ettering and numerals: a) Futura Demibold, b) Futura
Medium.and c) Alternate Gothic No. 3.

b. Liglht-Colgr Characters - Futura Medium type shall be used for transillumi-
nated or light-color opaque markings on dark opaque backgrounds.,

¢. Fit Problems - The use of condensed t¥pe (Future Condensed) or abbre-
%/latlon.s shall be the preferred method for solving line length reduction in
ype size.

d. Stenciled Characters - Stencil-type characters shail not be used on dis-
play/control panels or other equipment.
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F (typ) —owf e

*]__*_H WARNING T |

T HAZARDOUS EXPLOSIVE
} CHARGE IS INSTALLED [
0

1/16 (typ) for fabels
Mo radius for markings

A = Text or minot lines of fettering 1A
8 — Heading or major line of lettering = 1.25A 10 2A
G - Soacing between heading and text *(0B65A 10 A

D — Spacing between lines of ext =(,50A
E - Berdar width = .80A
F — Background bordar = A

Figure 8.5.3.1.13-1 Letter Size and Spacing for Caution and
Warning Labels
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9.5.3.1.14.2 Punctuation Design Requirements

a. Use - The use of punctuation marks shall be kept to a minfmum.

b. Periods - Periods shall be omitted except when needed to preclude mis-
interpretation.

¢. Hyphens - Hyphens shall be avoided whenever possible.

d. Parentheses and Ampersands - Parentheses and ampersands shall not be
used on the display and control panel or other crew edquipment.

e. Slashes - The slash (/) shall be used in place of the words to indicate multi-
ple functions.

9.5.3.1.14.3 Upper/Lower Case Design Requirements

a. Abbreviations - Lower case letters shall be used in abbreviations or sym-
E‘0|S I? v;'hich their use is the commonly accepted practice (e.g., He, pH,
g, efc.).

b. Operatin? Instructions - Equipment operating instructions shall use lower
case for fext and upper case for the first letter of a sentence, headings, ti-
tles of equipment, and references to contrel/display panel markings.

9.56.3.1.14.4 Titles Design Requirements

(Refer to Paragraph 9.6.2 8k, Abbreviations and Acronyms, for additional re-
quirements on the use of abbreviations.)

9.5.3.1.14.5 Special Character Design Requirements

a. Subscript and Superscri?t Size - Subscripts and superscripts shall be 0.6
to 0.7 times the height of associated characters.

b. Subscripts - Numeric subscripts and uppet case letter subscripts shall be
centered on the baseline of associated characters.

¢. Lower Case Letter Subscripts - The base of lower case letters and the
ovals of g, p. q, etc., shall be at the same level as the base of adjacent
capital lelters,

d. Degree Symbol - The degree symbol shall be centered on an imaginary
line extended from the top of the F or C symbols.

e. Pound or Number Symbol (#) - The pound or number symbol shall be cen-
tered on an imaginary line extended from the top of the associated numer-
als and placed approximately two stroke widths away from them,

Q-6
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9.5.3.1.14.6 Character Height Design Requirements

a. Character Height - Character height depends on viewing distance and lumi-
nance level. A a viewing distance of 710 mm (28 in) the height of letters
gn5d3n¥r$3rgl? shall be within the range of values given in Figure

b. Variable Distance - For a distance (D} other than 710 mm (28 in), multiply

the values in Figure 8.5.3.1.14.6-1 by D/710 mm {D/28 in.} to obtain the ap-
propriate character height.

c. Size Categories - Where feasible and appropriate, characters used in label-
ing shall be graduated in size. To determine character height, all nomencla-
ture on a label may be divided into three categories: titles, subtittes, 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 (0.12in).

In general, when moving to the next larger character size, the character height
shall in-crease by approximately 25 percent.

d. Space Limitations - The use of the same size letters and numerals for all
cate?ones on a label is acceptable for solving space limitation and clarit
roblems. In this case, the height of lettering and numerals shall be no
ess than 3 mm (0.12in).

! Character Height
Markings
3.5 cdim’ Above 3.5
(1) cdim’ (1 ftL)
For critical markings, with position | 5.8 mm 35 mm

variable {e.g., numerals on counters . 090
and seftable or moving scales): (0.20031in) | {0.12020in)

For critical markings, with position
fixed {e.q., numerals on fixed scales, | 4.8 mm 2.5.5mm

controls, and switch markings, or 0.16-0.31in) | {0.10-0.20 in}
emergency Instructions).

For noncritical markings {e.q.,
identification labels, routine 136 mm 136 mm

instructions, or markings required | {0,05-0.20 i) ! (0.05-0.20 in)
only for familiarization):

Figure 9.5.3.1.14.6-1 Character Height- 710 mm {28 in)
Viewing Distance

MSIS 106
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9.5.3.1.14.7 Character Width Design Requirements

a, Lefters - The width of letters shall preferably be 0.6 of the height, ex-
cept the letter "I" which shall be one stroke "in width, the letters “J" and
“L" which shall be 0.5 of the height, the letter "M", which shall be 0.7 of
the height, and the letter "W", which shall be 0.8 of the height.

b, Numerals - The width of numerals shall preferably be 0.6 of the height, ex-
cept for the numeral "4", which shall be ope stroke width wider and the nu-
meral "1", which shall be one stroke in width.

¢. Wide Characters - Where conditions indicate the use of wider characters,
as 1or11 a curved surface, the basic height-to-width ratio may be increased
to 1:1.

9.5.3.1.14.8 Stroke Width Design Requirements

a. Hei?ht-to-stroke Ratio - Marking letters and numerals shall have a height-
to-sfroke ratio of 5:1 to 8:1, depending cn the application.

b. Transilluminated Backgreund - Opaque markings on a transilluminated
lighted background shall have a height-to-stroke ratio of 5:1 to 6:1.

¢. Transilluminated Markings - Transilluminated markings on a dark back-
ﬁround or markings used on integrally lighted instruments shall have a
eight-to-stroke ratio of 7:1 to 8:1.

d. General Purpose lllumination - Characters used on display_ panels and
equipment when viewed under general purpose flood lighting or normal
daylight conditions shall have a height-to-stroke ratio of 6:1 to 7:1.

9.5.3.1.14.9 Character Measurement Desigh Requirements

a. Measurement - All letters and numeral measurement 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 opague surfaces, the dimen-
sian 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

a. Character Spacing - The spacing between letters within words and be-
tween digits in a muiti-digit number shall be the apcf:rommate visual equiva-
tent of one stroke width between two straight-sided letters suchas Hand |
{This requirement is intended to accommodate the normal commercial
typo?ra hical practice of spacing letfers to achieve a consistent visual con-
finuity. This permits close spacing of open letters such as C and T to avoid

large apparent gaps).

b. Word Spacinr}; - The spacing between words shall be the agproximate vis-
ualdelguwalen of the letter VW between two straight-sided letters such as N
an .

¢. Line Spacing:

1. 'rEh_e |’?Pacing between lines of related text shall be 0.5 of upper case letter
eight.

2. Ep_a%itr'lg between headings and text shall be 0.6t0 1.0 of upper case letter
eight.
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9.5.3.2 Coding Design Requirements

a.

General Coding Requirements:

1. Standardization - 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 negafive effect of adding to visual clutter.

3. t[.)ecre.-ments - Coding shail not reduce legibility or increase transmission
ime.

4. Comman Usage - Codes shall conform to conventional population stereo-
types and general user expectations when these exist.

5. When feasible, meaningful codes shall be used rather than arbitrary
codes. For example, use M for male and F for female rather than 1 for
male and 2 for female.

Brightness Coding:

1. Brightness cading shall be employed to differentiate between an item of
information and adjacent information.

2. No more than three levels of brightness shall be used. Each level shall
be separated from the nearest by at least a 2:1 ratio.

Size Coding:

1. Symbois - 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 - Na more than three different sizes of controls shall be used in

coding controls for discrimination by absolute size. Controis used for
performing the same function on différent items or equipment shall be the
same slze.

Pattern Coding - Pattern coding shall be used to differentiate areas of inter-
est to the observer (e.g., the normal, warning, and danger operating zones
of a scale), and reduce operator search time.

Location Coding - Controls associated with similar functions shall be in
the same relative location from panel {o panel.

Shape Coding - Shape coding of controls shall be used to improve their
i_chtandlﬁbabllllty rough both the visual and tactile senses. Requirements are
isted 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 orientation of the
control knob or handie.

3. Gloved operation - Shapes shall be tactilely identifiable when VA gloves
are worn, where applicable.

4. Mounting - Shape coded knobs and handles shall be positively and
non-reversibly attached to their shafts to preclude incorrect attachment
when replacement is required.

Underlining, Bold Face, Italics - Coding techniques shalt be used when it
is necessary to direct a reader's attention to a particular element of alpha-

numeric text. These technigues shail include, but not be limited to, under-
line, bold face type, and italics.
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h. Flash Cading:

1. Use - The use of flashing lights shall be minimized, and used onl
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 shail be between 3 and 5 flashes per
second.

c) Where two rates are used, the second rate shall be lessthan 2 per second.

3. Duty cycle - Flashing lights shall have approximately equal amounts of ON
and OFF time.

4. Simultaneous signals - Flashing lights which could be simultaneously
active shall have synchronized flashes.

3. Failure indication - If the indicator is energized and the flasher device fails,
the light shall iluminate and burn steadily.

ggéor Coding - Color identification numbers used below are per FED-STD-

1. Color difference - Only one hue within a color category (e.g., reds, greens)
shall be used in a given coding scheme, and that color shall aiways be
associated with a single meaning.

2. Number of colors - No more than  colors, including white and black, shall
be used in a coding system.

3. Ambient light:

a) Color coding shall be compatible with anticipated ambient lighting thraugh-
out the mission.

b) Coior-coding shall not be used as a grima[y identification medium if the
spectral characteristics of ambient light during the missicn, or the opera-
tor's adaptation teo that light, varies as the result of such factors as solar
glare, filtration of light, and variation from natural to artificial fight.

4. Familiar color meanlr:’g - Colors which are consistent with common usage
and existing standards with respect to application are listed below. All
color coordinates for transilluminated lighting are per CIE {Commission
International del’ Eclarirage Coordinates Chart Chromaticity Diagram

a) Red #21105 - Emergency, waming, and master alarm lights;, safe
conkrols; critical controls requmn? raFld identification; emergency shut-
down; control panel outline of a functionally critical emer: ent:¥3 nature.
g’rla n[%l)!uminated devices shall have coordinates of x=.633 (+/-.03) y=.255

+-.03).

(Note: Under ambient red lighting, use orange-yellow and black striping.)
b) Yellow#33538 - Caution; emergency exits, safety controls associated with
emergencies of a less critica| nature. Transilluminated devices shall have
coordinates of x=.435 (+/-.03) y=.550 (+/.03).
c) Yellow#33538 with black #37038 stripe - Inmediate access; exit releases.
d) Orange #32246 - Hazardous moving parts; machinery; start switches, ete.
e) Green #14187 - Important and freql_uent[y operated controls having no
urgent or emergency implications. Transifluminated devices shall have

coordinates of x=.155 (+/-.05) y=.7580 (+/-.05). Alternatively, for transitlu-
minated devices, a wave length of 520nm is acceptabte.

9-73
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f) Green (Sage) #14260 - First aid and survival.
g} Blue #25102 - Advisory (not recommended for general use).
h) Purple #37142 (magenta) - Radiation Hazard.

i) White - Advisory (for transilluminated devices onl;g - Transiliuminated
devices shall have coordinates of x=.360 (+/-.03 y=_360 (+/-.03).

5. Color deficiency - To aveid confusion by color-deficient observers, do not
use the color green if the color scheme uses more than six colors. If six
or fewer colors including green #14260 and yellow are used, yellow
#23655 shall be substitufed for #33538. Red #11302 and blue #15177
may also be used; however, do not use red and green within the same
complement.

6. Placards - The preferred markings and background calor for placards are
listed below.

Markings Backgound
White Biack
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 requirements shall apply.

a} Primary colors shall be limited to red, yellow, orange, and green consistent
with color selection criteria given above.

b} Zone markin?s shall be applied and located in a manner that facilitates
easy removal.

c) Zone markings shall notinterfere with the reading of quantitative markings.

d) When color is used to zone mark, the color shall be applied so that its
meaning is consistent across applications.

8. Color Contrast - An important factor to consider when selecting colors is
the contrast between various colors. This is necessary to ensure that each
color is easily discriminated from the others. Although contrast is an
impottant 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 maxi-
mally withthe color{'ust preceding it and satisfactorily with the earlier colors
in the fist. Colors (1) through (Q?P/leld satisfactory contrast for, red-%reen
deficient as well as color-normal crewmembers. The remaining 13 are
useful enly for color-normal crewmembers.

(1) White.
(2) Black.
(3) Yellow.

{4} Purple.
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(5) Crange.

(6) Light blue.

{7} Red.

{8) Buff.

(9) Gray.

(10) Green.

{11) Purplish pink.
{12) Blue.

(13) Yellowish pink.
(14) Violet.

(15) Orange-yellow.
(16) Purplish red.
{17) Greenish yellow.
(18) Reddish brown.
{19) Yellow-green.
{20) Yellowish brown.
(21) Reddish orange.
(22) Olive green.

b) Coler contrast shall be selected in conjunction with color conventions and
standards, inherent meaning, and consistency across displays.

9.6.2.2 Design Requirements for Data Display

a. Stand Alone - In general, data displa){s shall convey enough information to
allow the user to interpret the data without referring to additional sources.

b. Shared Displays - If a single display monitor is used to display different
categories of information alternately, none of the categories shall require
continuous or concurrent monitoring.

9.6.2.3.2 Design Requirements for Text

a. IUﬁper &Lower Case - Text shall be presented using upper and lower case
eters.

b. Justification - The default condition shall be to left justify all lines of text;
hgrvever, options for right justification and fill-justification shall be avail-
able.

¢. User Control - Users shall have control over various features of text dis-
play: justification, line length, space between lines, margins, font style and
siZe.
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9.6.2.4.2 Design Requirements for Tables

Titles - All tables shall have a concise, descriptive fitle. Titles shall have a
consistent location on tables.

Labels - Each group of data in a table shall have a concise, descriptive, la-
Phei Ehta)t ils separated from other characters and can easily be identified as
e label.

Consistent Widths of Characters - The fonts and widths of numeric charac-
ters shall be consistent within a table. Highlighting of humeric characters
by means of italics or bolding shall not change the width of numeric charac-
ters, Differences in fonts andfor widths of alphabetic characters within a ta-
ble shall not affect column or row size or spacing.

Grouping - All displayed data necessary to support a user activity or se-
guence of activities shall be grouped together.

9.6.2.4.3.2 Design Requirements for Matrix Tables

a.

b.

Use - Matrix tables shail be used to present row-column data.

Arrant?ement - Data in matrix tables shall be displayed in a left-to-right, top-
to-bottorn array. Alphanumeric data shall be left justified; numeric data
shall be arrangbed with decimal points aligned vertically. (Ifa humber does
not have a visible decimal point, the decimal point shall be assumed.}

Column Order - Material most relevant to the user or most frequently used
shall be in the jeft column and shall progress to the least relevant inthe far
right column.

Labels - Labels for the row variables shall be located in the left-most col-
umn; labels for the column variables shall be located in the top row.
When a column extends over more than one "page” verdically (i.e., the
user has to scroll or page to continue reading the columny), the same col-
umn kabels shall be displayed from "page” to "page”. Similarly, whena
row extends over more than one "page” horizontally (i.e, the user has to
serall or page to continue reading the row), the same row labels shall be
displayed from "page” to "page”.

Readability - in tables with many rows or celumns, a blank line, dots, or
other distinctive feature shall be inserted after every fith row or column as
appropriate to help maintain one’s place across columns or across rTOWs.

Crganization of Rows and Columns - When possible, rows and/or celumns
in 2 table shall be arranged in a systematic order {e.g., chronologically, ai-
Phatt:_etic;ally, sequentially, by magnitude, by importance, or according to
unction).

Discriminable rows and columns - Each column shall be discriminable
from every other column by means of a physical cue, such as sufficient
blank space or a line. Similarly, ali rows shall be discriminable from one
another by means of physical cues.

98.6.2.4.4.2 Design Requirements for Functional Area Tables

a.

Use - A functional area table shall be used to display related data that has
a less regular structure than a matrix. The data are organized into func-
tional groups, similar to a completed data form.

Group size - Related daia shall be displayed in qroups which subtend five
degreestﬁf visual angle or less. The groups shall be visually distinct from
one another.

Bensity - The ratio of filled display character spaces to the total number of
?haracter spaces shall not exceed 30% under nominal operating condi-
ions.
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9.6.2.5.2 Design Requirements for Graphics

a. Use-Types ofr?raphical displays include icons, schematics, data
graphs, maps, flow charts, and pictures. Graphical displays shall be
used when they will convey information to the user more clearly, effec-
tively, or quickly than other formats. For example, graphics may be
used as follows:

1. A statistical data graph is appropriate when users need to monitor chang-
ing data, to scan a data set or sets quickly, to compare multiple sets of
data, or to see trends in data.

2. Aflowchartisappropriate when users need to follow a sequence of events
that involves logical branching or to observe the temporal order of events.

3. A schematic is appropriate when users need to identify both the elements
of a system and ' the spatialftemporal organization of those elements.

4. A map is appropriate when users need o determine spatial relations
between objects.

b.  User control - The user shall have the ability to change various physical
features of a graphic to enhance his or her wewm% capability, including en-
larging and reducing the graphic or a subsection thereof, increasing the
amount of detail (if additional detail is available, e.g., in a system sche-
matic), and selecting different orientations or reference points (especially
for maps and schematics).

c. Simplicity - Graphical disFlays shall maintain the visually simplest display
consistent with their function.

d. Directing the User to the Important Data - A graphical display shall direct
the user's attention to the critical data. For example, users will notice heav-
ier lines before lighter cnes: brighter colors are detected before dim ones;
larger bars are detected betore slender ones. Use of these rules of thumb,
as well as the use of coding techniques, will make for graphic displays that
direct the user's attention to the desired location.

e. [dentification of Graphic Displays - All c?ra{)hic displays shall have unigue,
meaningful titles by which users can identify and access the display,

f. [dentification of Elements in Graphics - All elements in graphic displays (in-
cluding objects in a schematic, geographical locations in a map, and axes
in a data graph) shall be identifiable and discriminable by the user. The
two most prominent techniques for providing cues for identification are la-
beiing and symbols.

1. Labels shall be in close proximily to the object that they identify, but shall
not cbscure the element.

2. In addition to or in place of labels, symbolic coding (e.g., lexture, color, or
shape) shall be used when appropriate to aid users in identifying elements
of graphical displays . Symbolic codes shall be accompaniéd by legends
that provide the symbol and its referent.

9.6.2.6.2 Design Requirements for Coding

a. Highlighting - Highlighting (disip!a(}l_ coding which serves only to callthe
user's attention to a feature of a _isp!ayﬁall be used only for important in-
formation (e.g., out-of-limit conditions). en conditions change and an
item that was highlighted is no longer important (e.g., after an out-of-limits
condition has been corrected), thal item shall no longer be highlighted.

The specific highlighting technigue used (e.g., reverse video, brightness
contrast, holdness contrast, undetlining, or blinking) shall not have a detri-
mental impact on the user's perception of the display.
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b. Grouping - Coding shall be used to group functionally similar information
and to indicate membership in 2 common group. Grouping allows users to
yerceive a large screen as consisting of smaller identifiable pieces. Spa-
ial distance ahd shape coding are particularly powerful grouping tech-
nigues.

1. Grouping of information shall be accompiished by spatial distance, shape
coding, lines, color coding or other means consistent with the application.

2. Displays with high infermation density shall have an intermediate number
of groups. The preferred range for number of groups is 19-40.

¢. Symbols - Coding by means of graphic symbols, shapes, or color shall be
& key method used to communicate the specific meaning of an element of
a display to a user. The choice of @ symbo! shall not contradict highly
overlearned associations (e.g., the use of red as a symbol for stop or dan-
ger and the use of an octagonal shape for stop).

1. Asa symbolic code, color shall be redundant with at least one other coding
technique.

2. Users shall have access to the referent for every symbal.
8.6.2.7.2 Design Requirements for Windows

a. Perceptual Characteristics of Windows - Windows are subdivisions of dis-
plays in which one functionally-related set of information is displayed. Win-
dows shall be pergeptually distinct from the rest of the display.

b. Types of Windows - Users shall be able to distinguish amon? different

types of windows based on the perceptual characteristics of the window.

indow types can be organized in a hierarchy based on their function:
Open vs. Closed windows, where the user has perceptual and functional
access only to the open window; Open windows can be Active or Inactive,
where the active window contains an on-going activity, either user-main-
tained {e.g., a command languadge dialogue) or system-maintained (e.g.,
control of a Space Station Freedom subsystem by an expert system); Ac-
tive windows can be an Interactive window (also known as the "listener”)
or a Noninteractive window, where the Interactive window is the one in
which user actions have their effect.

¢. Window Titles - A brief, unique, and descriptive title shall be positioned ina
consistent and highly visible location for each windew. The user shall be
able to use that title In accessing the window.

d. Multiple Windows - When multiple windows are open simultaneously, with
the exception of caution & warning information, the system shall not over-
write the active window(s).

9.6.2.8 Design Requirements for Format

a. Consistency - Display formats shall be consistent within a system.

1. Wl't!elr}t appropriate for users, the same format shall be used for input and
output.

2. Data entry formats shall match the source document formats when feasi-
ble and efficient for user performance.

3. Recurring data fields within a system shall have consistent names and
shall have consistent relative positions within displays.

b. Standardization - The content of displays within a system shall be pre-
sented in a consistent, standardized manner.
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Information Density:

1. Information density shall be held to a minimum in displays used fo
critical tasks.

2. A minimum of one character space shall be left blank vertically above
and below critical information, with @ minimum of two character space
left blank horizontally before and after.

Selectable data display - Only data essential to the user's needs shall be
i:jlsplayed. The system shall permit the user to access any data at any
ime.

Readily Usable Form - Data presented to the user shall be in a readily us-
able and readable form such that the user does not have to transpose,
compute, interpolate, or mentally translate into other units, number bases,
ar languages.

Order and Sequences - When data fields have a naturally-occurring order
(e.g., chronological), such order shall be reflected in the format organiza-
tion of the fields.

Extended Alphanumerics - When five or more alphanumeric characters
without natural organization are displayed, the characters shall be grouped
in blocks of three 1o five characters, separated by a minimum of one blank
space or other separating character, such as a hyphen or slash.

Comparative Data Fields - Data fields to be compared on a character-hy-
character basis shalf be adjacent. Relative position shall maximize ease of
comparison.

Labels and Title:

1. Each individual data group, message, or window shall contain a descrip-
tive title, phrase, word, or similar identifier to designate the content of the
group or message.

2. Labels and titles shall be located in a consistent fashion adjacent to their
refeglent; the relation between the kabel ortitle and referent shall be clearly
VvISiDle.

3. Labels and titles 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
hlthight or code emergency or critical messages. Labels and titles shall
not be confusable with data.

4. The physical features and wording of labels and fitles shall be designed
to avoid confusion as to whether the label is fora data entry field, a control
option, a guidance message, or other displayed materialg.

5. Labels and titles shall be unigue to avoid confusions between labels.

6. When presenting a list of user options, the label shall be descriptive ofthe
contents of the list and relevant to the task being performed by the user,

ldentifying Location in Sequence of Displays - Cues shall be provided to
the user to identify the currently displayed page and the total number of
Fages of a multiple ga?e dlsplag (e.g., in a text file, the second page of a
ive page file might be Tabeled Page 2 of 5).
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Abbreviations and Acronyms:

1. Infermation shail be displayed in plain concise text wherever possible.
. Abbreviations and acronyms shall be standardized.

. Abbreviations shall be distinctive to avoid confusion.

. A single word shall have no more than one abbreviation.

. No punctuation shall be used in abbreviations.

h G bk W N

. Where practical, definitions of all abbreviations, mnemonics, and codes
shall be provided on-line at the user's request. If on-line capabiiity is not
provided, definitions shail be provided in hardcopy.

Number System - When numeric data are dig Iayed or required, such data
shall be inthe decimai number system by defaulf. Users shall have the
abllity to change the number system according to their task demands.

2.9.2 Design Requirements for Information Display Rate

Information Disptay Rate - The information display rate shall not exceed hu-
man perception, comprehension, or response capabilities.

Update Rate:

1. The rate of update of information within a display shall be a 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 in values of parameters.

3. Forslowly changing data, the system shall aid the user in attending closely
té; tr}e display and in eliminating the need for extended fixation of the
isplay.

4. Items requiring dynamic visual acuity on a graphic display shall not mcve
faster than 60 degrees of visual angle per second, with 20 degrees per
second preferred.

Display Freeze:

1. A dig{:fay freeze mode shall be provided to allow close scrutiny of any
selected display that is updated or advanced automatically by the system.

2. An_cP!ion 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 appropriate label or iconic symbo! shall be provided te indicate to the
user that the display is in the freeze mode.

System Respanse Time - Whenever possible, the time for the system to re-
spond to a user command or request shall not exceed 2 seconds.

Keystroke Echo ResFonse Time - Whenever possible, keystroke echo re-
sponse time shall not exceed 0.1 second.

3.1.2 Design Requirements for User-Computer Dialogues

Dialogue Type - The choice of the type of dialogue between the user and
computer (e.g., command fanguage, menus, data forms, direct manipula-
tion) shall ce 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 t¢ be performed without concern for in-
ternal computer dafa processing, storage, or retrieval mechanisms.
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MultiFIe diafogues - To the greatest degree possible, users shall be
able to input commands to fhe system Using any of the available dia-
logue types and shall be able to switch between dialogue types within a
task sequence.

User Viewpoint - User-computer dialogue technigues shall reflect ihe
user's point of view such that the commands are logically-related to the
user's conception of what is being done.

Feedback from commands:

1. When the completion of a command results in a consequence that is
iaerceptible to the user, the completion of the commanded action shall be
he only necessary feedback.

2. Rather than simply rejecting the eniry, the system shall permit users to
correct errors in commands, where feasible.

3. When the completion of a command results in a consequence that is not
visible to the user, the system shall prrovide explicit feedback to the user
that the command was completed. The feedback shall be in the form of
a message that describes the actions that resulted from the command in
simple, direct, positive language.

Arm-Fire Sequence for Critical Commands - Users shall have to confirm
that they want to perform a critical, potentially hazardous, or potentially de-
structive command (including commands that would destroy stored data)
before the system will execute it. The confirmation request from the sys-
tem to the user shall be positive, simple, and direct.

9.6.3.1.3.2 Design Requirements for Command Language

Use - All users shall always have access to the command language. Addi-
tionally, 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.

Standardization - The functionality, design, and operation of the command
tanguage shall be standard. The standardization of the language shall in-
clude the lexicon, semantics, and syntax.

Command L_anguage Terms - To the greatest degree possible, the mean-
ing of terms in the command language shall correspond to Engilsh and be
conveyed in a form such that additional resources are not required to inter-
oret the message. The terms in the command language shall describe ac-
ions, objects, prepositions, and the attributes of actions or objects.

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 and se-
mantically distinct from one another.

Punctuation - The command language shall contain a minimum of punctua-
tion or other special characters.

Truncation - The user shall be able to enter the full command name or the
system-specific truncated form. Truncated forms m?l consist of unique
partial command terms, function keys, and command keystrokes.

Command Area - Commands shall be entered and displayed in a standard
command area in a consistent lacation on all displays.

Command Prompts - The user shall be able fo request prompts, as neces-
sary, to determine required parameters in a command entry.
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Command Editing - Editing of commands shall follow the same rules as
text editing.

Alternative Constructions - If users input alternative syntax or synonymous
command language 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 keystrokes (i.e., the use of a limited number of key-
strokes combined with pressing a Command Key to access a command
language term) shalf be used primarily in cases where speed of command
|npl.{ts is important. Other dialogue technigues shall be available, as appro-
priate.

Consistency across applications - The structure and meaning of keyboard
commands shall be consistent across applications.

9.6.3.1.5 Design Requirements for Function Keys

a.

Uses - Function keys shall command an action with a singuiar keypress
and shall not require any other preceding or simultaneous keystroke ﬁ.g.,
pressing a Command Key). Function keys shall be used for fasks with_
unigque control entries or as an adijunct to other dialogue types for functions
that occur frequently, that must be made quickly, and that must be made
with minimal syntax errors.

Consistency across applications - The consequence of pressing a fixed
function key shall be consistent across applications.

9.6.3.1.6.2 Design Requirements for Menus

Menu ltem Selection:

1. The user shall be able to select a menu item with minimal activity.

2. When selection is to be accomﬁzlished by cursor placement on the to-be-
selected item, the system shall aid the user in cursor placement. For
example, for a permanent menu, the cursor would be placed on the most
likely option, usually the first position.

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.

Presentation of Menu Items - Menu items shall be presented in a list for-
mat. Each menu item, along with any associated information (e.g., selec-
tion codes and descriptors), shall be displayed an a single line.

Organization of Menu ltems - Menu items shall be organized in a logical or-
der (e.g., simitarity of function, expected frequency of use, temporal order-
ing of the task). If no Io%cal basis exists for ordering items, an

alphabetical order shall be used.

Coding of Menu ltems:

1. When users have the capability to selecta menu item by means ofa 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 to select menu items shall be related to the menu item so that
users do not have to learn arbitrary codes.

3. If menu items are selectable by means of function keys, the arrangement
of the function keys and menu shall be compatible.

Selectable Items Discriminable From Nonselectable ftems - Menu items
that are avaitable to be selected by the user shall be visually different from
menu items that are not available in a given application or step in a task.
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Fortmat Consistency - Menu formats shall be consistent throughout the
system.

{\_ﬂenu Availability - Menus shall be readily available to the user at all
imes.

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 user 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,

Feedback:

1. When a menu item is selected, an immediate indication that the intended
itern was selected shall be given. This indication shall not be confusable
with other kinds of display coding.

2. When selection of a menu item results in a continuing condition (e.g.
turning on a pump which stays on until commanded to be shut oﬂ?, avisua
indicafion, clearly associated with the specific menu itemn, shall be pro-
vided to the user during the time that the condition continues.

Types of Menus - Menus shall be available either as permanent menus or
as user-requested menus ("user-requested menus” are menus which are
present only when the user specmcaHH asks for them, e.q., pop-up or pull-
dowrt1 menus). The type of menu shall be a function of the task require-
ments.

9.6.3.1.6.3.2 Design Regquirements for Permanent Menus

Permanent menus shall be used when:

i.

b.

C.

The user needs to see the menu items throughout a task.
The user needs to examine every option in detail.

The user does not have the ability te request that a menu be displayed
{e.g., in the absence of a pointing device}.

Tr:e lll(se of a user-requested menu would obscure information needed for
a task.

9.6.3.1.6.4.2 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.
Menu design:

1. The height of a menu bar (used to permitthe user to request a menu) shall
Ibebsidfﬁcient to contain standard text characters which serve as the menu
abels.

2. Menu labels on the menu bar shall be brief, descriptive of the contents of

the menu, physically separated from other menu labels, and semantically
distinctive irom other menu labels.
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3. Menu kars shall be piaced in a consistent location in all displays.

4. The ogganization of categories across the menu bar shall be logical (e.g.,
according to function or frequency of use).

Activation - User-requested menus shali be disp[a\f]ed only after a single,
specific action by the user. After the menu option has been selected, the
menu shall revert to its hidden state.

9.6.3.1.7.2 Design Requirements for Direct Manipulation

a.

Phi!osoph%of Direct Manipulation - in the direct manipulation interface, the
user shall be able to manipulate data structures or objects directly by physi-
cally interacting with their graphical representation

Features of Direct Manipulation - The direct manipulation interface shall
have the following characteristics:

1. The objects of interest have continuous graphical representations {e.g.,
as icons and windows}).

2. The users accomplish functions by means of physical actions with the
objects instead of by language-based commands. Twe primary physicai
aclions are selecting an object and moving an object.

3. Operations are rapid, incremental, and reversible. The impact of an
aperation on the object of interest is immediately visible.

Use - Direct manipulation shall be among the dialogue techniques used for
tasks where:

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.

9.6.3.1.7.3.2 Design Requirements for lcons

a.

Icon Design :

1. The icon shall pictorially regresent the object or action. (An icon is a
pictorial, pictographic, ar other symbolic representation of a software
object eran aclion by the system. A user’s direct manipulation of the icon
is c(te,quu)ralent to manipulating the software chject orexecuting the system
action.

2. Icons shall be identifiable and discriminable.

3. leconsthat the user can select shall be sufficiently large encugh to minimize
selection time and errors.

4. lcons shall be simple, closed figures.

3. leons shall be accompanied by text [abels which correspond to the term
fram 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.

Consistency - Visual features, meanings, and specific uses of icons shall
be consistent within and among applications.

Feedback - Selectin?1 an icon shall be acknowledged by hi_?hlighting the
icon in_such a way that the icon is not visually obscured. The icon shall re-
main highlighted during the time that it is selected.
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9.6.3.1.7.4 Design Requirements for Actions in the Direct Manipula-
tion Interface

a.

Movement and Selection - Users shall be able to move the pointing cur-
sor to and select icons by the use of any available cursor contrel device
(e.g., X-Y controllers and amow keys).

O;%gning - A user shall be able to "open" a selected icon by a single unigque
acfion.

Initiating a Process - Users shall be able to initiate the process related to
an icon (e.g., opening a file or launching an application) in multiple ways:
QOpening the selected icon; connecting an cbject icon to an action icon; or
selecting an icon and entering a command, e.g., via the command lan-
guage, command keystrokes, or menu.

9.6.3.1.7.5.2 Design Requirements for Interactions with Windows

a.

Conirol Over Window Dimensions- Users shall be able to change the hori-
zontal and vertical dimension of windows independently by direct physical
action on the window.

Cantrol Over Window Location - Users shali be able to move windows to
different locations on a display by direct physical action on the window.
However, users shafl not be able to move a window where it interferes
with the user's ability to interact with the system or with caution and warn-
ing infarmation.

Opening and Closing a Window - Users shall be able to open or close a
window by direct physical action on the window.

"Popping” Windows - In a layered windowing environment, users shall be
able to move a window in a stack to the prominent position in the stack so
that its contents are visible {known as "popping" the window to the front).

9.6.3.1.8.2 Design Requirements for Data Forms/Form Filling

a.

Use - The primary uses of data forms shall be for data entry and computer
command tasks in which information needed by the user is displayed and
the user has to complete a form.

Grouping - Displayed forms shall be arranged such that related items are
grouped together.

Format and Content Consistency - If paper forms and computer-displayed
forms are used in concert in a data entry task, the format and content of
the two tyﬁes of forms shall be compatible, within the constraints of the
task andthe differences in information format.

Distinctiveness of Fields - Fields or groups of fields shall be separated by
lines or other delineation cues. Required fields shall be distinguished from
opticnal fields.

Field Labels - Field labels shall be distinclively presented such that they
can be distinguished from both data entry fields and data entered by the
user. Labels for data entry fields shalt incorporate additional cueing of
data format where the entry is made up of multiple inputs [e.g., Tl
(HHMM/SSY:_/ F ).

Cursor Placement - When the form is displayed, a disdplayed.cursor shall
be positioned by the system at the first data entry field to which the user
has to provide input. The system shall advance the cursor to the next data
field when the user has completed entry of the current field, The user shall
also have the ability to move the cursor to the next field, to the previous
field, or, independently, to any field on the form.
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g. Actignfs for Movement and Completion - Distinctly different actions shall be
used for:

1. Movement of the cursor forward to the next field.
2. Movement backward to a previous field.

3. Placing the cursor in a noncontiguous field.

4. Indicating that the input to the form is completed.

h. Entry Length Indication - The maximum acceptable length for variable
length fields shall be indicated on that field. However, when the item
length is variable, the user shall not have to remove unused underscores,

i.  Qverwriting - When data entry by overwriling a set of characters in a field
is used, clear designation of overwritten characters (e.g., by reverse video)
shall be provided.

i Dimensional Units - When a consistent dimensional unit is used in a given
?ntry field, the dimensional unit shall be provided and displayed by the sys-
em.

k. User Omissions - When required data entries have not been input, the
amission shall be indicated to the user, and either immediate or delayed in-
ut of the m1ssmg items shall be allowed. For delayed entry, the user shall
e required to indicate to the system (e.g., by entering a special symbol in
the field) that the missing item is delayed, nat overlooked.

. Non-Entry Areas - Non-entry (protected) areas of the display shall be des-
ignated. In the absence of authorization of the user, those areas shall be
made inaccessible.

m. Prevent Entry of Inappropriate Characters - An attempt to enter an inappro-
ﬁnate character into a field (e.g., entering an alphabetic character into a
eld reserved for entry of numeric characters) shall result in feedback from
the system {(e.g., an duditory signal and/or an error message).

9.6.3.1.8.3 Design Requirermnents for Default Values for Data Forms

a. Default Values - Default values shall be used to reduce user warkload.
Currently defined default values shall be displayed automatically in their ap-
propriaté data flelds with the display of a form.

b. Default Modification - The user shall have the capability of changing de-
fault values and having those modifications retained by the system beyend
tha{_t us)er interaction or session (i.e., until changed by another specific user
action).

c. Default Substitution - The user shall be able to replace any default value
during a given transaction without changing the default definition.

d. User Confirmation - If required, user acceptance of stored data or defaults
shall be possible by a single confirming keystroke.

9.5.3.1.9.2 Design Requirements for Question and Answer
a. Use - The uses for question and answer dialogues shall include:

1. Highly constrained tasks in which each step of the task sequence has few
choices available.

2. Routine data or command entry tasks in which the user needs explicit
prompting.
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Structure:

1. The system shall provide the user with a specific request for inferma
tiont. A question mark shall be the delimiter of the question from the|
system.

2. The system shall provide the user with contextual information (e.g.,
umtst_of measurement used in the answer) required for answeting the
question.

3. The area in which the user can enter the answer shall be provided
following 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 dafa form shall he used.

5. The se/stem shall display refated questions (and their associated answers?
simulfaneously. Unrelated questions (and their associated answers) shall
be displayed separately.

9.6.3.1.10.2 Design Requirements for User-definable Macros

a.

The system shall allow the user to group related or sequential control or
command entries into one aperation known as a user-definable macro.

The system shall not allow users to define system-level macros (i.e., mac-
ros that can be used across two or more aPplicatuons). System level mac-
ros shall be defined only by software developers.

The system shall provide to the user a macro-defining aption which would
impose a common syntax on all command strings within macros.

The system shall prohibit a user from modifying a macro that was defined
by a different originating user.

When a user creates a macro, the system shall not allow a user to dupli-
cate macro names.

The system shall provide users with access to an index of macros and
each macro's command listing.

9.6.3.2 Design Requirements for Movement Within User Interfaces

a.

C.

Users shall be able to move the locus of their input or attention within a dis-
play by means of a painting cursor. A placeholding cursor shall be avail-
aﬁle fo; location of placement in a display used for input of alphanumeric
characters.

Users shall be able to move displayed information from the same data file
by scrofting {i.e., the continuous vertical or horizantal movement of dis-
played information) and paglnlg (the discrete movement from cne "page” to
another in an information display).

Users shall be able to locate and move to specific informaticn in a data file.

9.6.3.2.1 Design Requirements for Position Designation (Cursor)

a.

Control - Systems empioying cursors shall provide cursor control capabillity
consistent with user speed and accuracy requirements.

Locating - All cursors shall be distinctive against all backgrounds and shall
be easy to locate at any position on a display.

Tracking - The cursor shall be easy for the user to track as it is moved
through the display. :

Distraction - The cursor shall not distract or impair the user during the
search of the display for information unrelated to the cursor,
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Data Entry - An "enter" action for data items shall result in the entry of all
appropriate items (e.?. all data input to a data form or all text written in a

f the placement of the cursor. The user shall not be
required to move the cursor to any arbitrary position on the display {(e.g.,

the top left or bottom right of the display).

Home Position - The home position for the cursor shall be consistent
across similar types of displays.

Unigue Shape - The shapes used for cursors shall be unique with respect
to all other display structures. Cursors of different shapes shall be used
for different purposes; the relation between a cursor shape and function
shall be consistent across applications.

Types of Cursors - Users shall have access to two functionally different
types of cursors - a pointing cursor and a placeholding cursor.

9.6.3.2.1.1 Design Requirements for Pointing Cursor

a.

Display Priority - The painting cursor shall be available to the user at all
times.” The pointing cursor shall obscure other characters unless this
would interfere with user performance.

b, Visual Characteristics:

C.

d.

a.

1. The pointing cursor shall not blink.

2. The pointing cursor shall maintain its size and image quality across all
screen and display locations.

3. To the greatest degree possible, the pointing cursor shall be completely
graphic and shall not contain a label.

Gross Movement:

1. The movement of the pointing cursor shall be systematically related to
the movement of the cursor control device (e.9., a trackball, ‘a joystick, a
mouse, ofF cursor control keys).

2. The pointing cursor shall not move in the absence of input from the user.

3. The movement of the pointing cursor shall appear to be smooth and
gonglnuous with smooth and continuous movement of the cursor control
evice,

Fine Positioning - When fine positioning accuracy is required, the dis-
played cursor shall include an approprtate point designation feature (e.g.,
crosshairs).

9.6.3.2.1.2 Design Requirements for Placeholding Cursor

Non-Interference - The placeholding cursor shall not interfere with the read-
ing of the character that it marks.

b. Number of Placeholding Cursors - There shall be one and only one place-

holding cursor in each window in which a user is entering alphanumeric
characters.

¢. Visual Characteristics:

1. The placehelding cursor shall assume the height or width of the alphanu-
meric characters adjacent to it.

2. If the placehoider cursor blinks, the default blink rate shall be 3 Hz. A
user-selectable blink rate shall be within the range of 310 5 Hz.
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9.6.3.2.2 Design Requirements for Scrolling

a. Method of Scrolling - Users shall be able to scroll by only one methed
within an application - either by "moving text” {i.e., the information in
the display appears to move over a fixed display window) or by "pan-
ning" {r.e., a window appears to move over a fixed display of informa-
tion. Panning shall be the preferred method.

b. Scrolt Rate - The scroll rate shall allow the user to scroil in an increment of
a line and shall provide the appearance of a smooth flow of text.

c. Direction of Scrolling - The direction that a user may scrolling shall be evi-
dent before the user begins the scroll action (e.g., 2rrows might point in the
direction that corresponds to the direction that screlling will accur).

d. Numbering - ltems continued on the next page (scrolled to) shall be num-
hered relative to the last item on the previous page.

9.6.3.2,3 Design Requirements for Paging

a. User Control - Users shall have control over paging by use of any of sev-
eral‘me_thod)s (e.g., dedicated paging function keys and a display-based
paging icon).

b. Paging Increments - Users shall be able to move in increments of one or
multiple pages.

c. Page Numbering - Each page of a multiple page display shall be num-
bered fo identify the currently displayed page and the total number of
pages.

d. Direction of Paging - The direction that a user may page shall be evident
before the usef begins to page {e.g., separate, labeled function keys might
be used for paging forward and paging backward).

9.6.3.2.4 Design Requirements for Searching

a. Objects 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 shall be able to find multiple eccurrences of
a literal string.

9.6.3.2.5.2 Design Requirements for Hypertext

a. Restricted Access to Authering - Users shall only have access to authoring
tools ?.e., tools that allow users to create modify, or delete the repre-
sentation of information or links between information) if they need to have
the power of those tools. Users that only need to browse (i.e., search
through a database to obtain information contained in the_nod’es by follow-
ing links between nodes), shall not have access to authoring tools.

b. Browsing Tools - Browsing teols shall generally use a question and an-
swer dialogue.

9.6.3.3 Design Requirements for Manipulating Data

Data Manipulation - The user shall be able to manipulate data without concern
far internal storage and retrieval mechanisms of the system.

9.6.3.3.1.2 Design Requirements for Editing

a. Use - Users shall be able to edit only selected data files (e 4., files that
they create and files specifically designated as read/write). " Certain files
shall be uneditable by the user. Editable files shall be clearly distinguish-
able from noneditable files.
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Methads - For all editable files, the user shall be able te edit text, tables,
graphics, and any other data by means of any of several methods (e.g.,
command language commands, command keystrokes, and menus).

C_onsistenoy of Procedures - All editing procedures shall be consistent in
diatogue structure, independent of the type of information being edited.

Modifying 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 capi-
talization}.

2. The user shall have the ability to set and modify the tab position for
user-modifiable text files.

3. The user shall be able to set and modify the margins for user-modifiable
text files.

Insert Mode vs. Overstrike Mode - By default, the text editer shall operate
in insert mode. Text shall be inserted moving to the right. However, the
user shall be able to select text to be oversiriken.

Selecting Data:

t. Users shall be able to select any editable data in any type of displayed
data file (including text, tabular, or g]raphical) for specific editing functions
{e.g., cufting, deletion, copyings with no more than two actions.

2. The selected data shall be visually distinct from non-selected data.

3. Users shall be able to remove selected data from the selecfed state with
a single action.

Cutting Data:

1. Users shall be able to remeve any editable data from a displayed data file
by means of a "Cut" capability.

2. After the data are removed, the text or tabular display shall be reconsti-
tuted without a %ap where the data 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 any
unrestricted location in any data file. Certain locations may be restricted
from insertion of cut (or copied) data (e.g., menus or the system-originated
parts of data forms).

Copying Data - Users shall be able to copy any editable data and replicate
it at any unrestricted location in any data file.

Deleting Data - Users shali be able to delete previously-selected data by
simple actions different from other editing functions (e.g., a dedicated "de-
lete” 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" se-
gu?rtlceth |ndwth|ch the user has to acknowledge that the systern should
elete the data.

9.6.3.3.1.3 Design Requirements for Graphics Editing

a.

Editin? Objects - Selection of a graphical object for editing shall be a func-
tion of the type of object: Icons shall be selected as a whole object; partial
selection shall not be permitted for icons. For editable schematics, maps,
flowcharts, data graphs and piciures, users shall be able to select for edit-
ing any cbject within the graphical display.
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B. Moving - Users shall be able to move a previously selected object from
one Posnmn on a display to another. An indication of the path of move-
ment shall be provided to the user during the move.

c. User shall have the ability to increase and decrease the size of graphi-
catl objects that have previously been selected.

d. Users shall be able to rotate objects that have previously been selected.
Users shall be able to rotate objects clockwise or counterclockwise. Anin-
dication of the path of rotation shall be provided to the user.

9.6.3.3.2 Saving

9.6.3.3.2.2 Design Requirements for Saving

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 saving 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.

9.6.3.4.1 Design Requirements for Consistent Terminology

Consistent Terminology - On-line documentation, off-line documentation, and
help instructions shall use consistent terminology.

9.6.3.4.2.2 Design Requirements for User Feedback

a. Use - Clear and concise feedback shall be provided to users as neces-
sary to provide status information throughout the interaction.

b. Function Status - Feedback shall indicate actual function status,

c. Standby - If a system process (or pracesses) is time-consuming and
causes the screen and input devices to be locked out, a progress mes-
sage shall be displayed and updated, if possible, advising the user of the
time remaining for the task or of the percentage of the task completed.

d. Process Outcome - YWhen a contro| process or sequence is completed or
aborted by the system, positive indication shall be presented to the user
concemning the cutcome of the process and the requirements for sub-
sequent user action.

e. Input Confirmation - Confirmation of user input shall oceur without remov-
ing the data display.

f. Highlighted Option Selection - Highlighting of data, a message, a menu
item, an icon, or other displa¥ structure shalt be used as feedback by the
system to acknowledge that the user has selected the item.

g. User Input Rejection - If the system rejects a user's input, feedback shall
be provided to indicate :

1. The reason for rejection.
2. The required corrective action.

3. Where appropriate, the location of the problem.
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9.6.3.4.3.2 Design Requirements for System Status Messages

a. Operational Mode - The system shall inform the user of the current opera-
tional mode when the mode might affect the user's actions.

b. System Chan?es - The system shall inform users about system design or
system operafion changes only in those aspects that may affect the user's
interaction with the system.

€. Characteristics of Status Messages:

1. Status messages shall be provided to the user in a consistent location on
the display.

2. The message shall contain gniy the information needed by the user, and
conveyed fo the user in a form such that additional resources are not
required to interpret the message, e.g.:

a) A description of the system state.
b) Directives for user action.
¢) The consequences, if any, of failing to follow the directives.

3. If the user will not be able to look at a display, the message shall be
presented by means of a voice production system and shall be repeatable.

4, If the user needs to be alerted that a status message is being displayed,
status messages shall be accompanied by a consistent auditory signal.
The auditory signal shall be redundant with the linguistic message.

9.6.3.4.4 Design Requirements for Error Handling

a. Error Correction - The system shall Elrovide users with a simple and eas
carablhty to correct errars in input. Users shall be able to correct individ-
ual errors in a command string, sequence of commands, or data file by re-
placing only the erronecus input without having to re-enter correct input.

b. Early Detection - A capahility shall be provided to facilitate detection and
correction of errors before they are entered into the system. In order to
avoid disrupting the user, error checking shall occur at the earliest logical
break in fhe user's command or data input (e.g., at the end of a data field
or the end of a command).

¢. Timing of Feedback - If a user makes an incorrect command or data entry,
the system shall detect the error and notify the user within two secends
fram command or data entry.

d. Internal Software Checks - User errors shall be minimized by the use of in-
ternal software checks of user entries for the validity of the item, the se-
quence of entry, completeness of the entry, and the range of the value.

e. Eror Message Content:

1. Error messaﬁes shall be informative, brief and conveyed to the userin a
form such that additional resources are not required fo interpret the
message.

2. The error message shall be self-contained: The user shall not have to
refer to external documents in order to interpret the error message.

3. The error message shall be constructive and neutral in tone, avoiding
phrases that suggest a judgment of the user's behavior.

4. Tothe greatestdegree possible, the error message shall reflect the user's

need for information and concept of the system, not those of the person
who develops the message.
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5. Error messages shall be appropriate to the user’s level of training and
shall be as specific as possible to the user's particular application.

6. Error messages shall explicitly provide as much diagnostic information
andd%gmed|a| direction as can be inferred refiably from the erro
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 steﬁ in a multi-step process in or-

der to nullify an error or to effect’a desired change.

g. Correction Entry and Confirmation - When the user enters correction of an
error, such corrections shall be implemented only by an explicit action by
the user (e.g., actuation of an "Enter” key). All efrof correction by the user
shall be acknowledged by the system, either by indicating that a correct en-
gy has bgen made or by another error message if an incorrect entry has

een made.

h. Spelling Errors:

1. Spelling and other cammon errors shail not produce valid system com-
mands ar initiate transactions different from those intended,

2. When possible, the system shall recognize, but not execute, commen
misspe Im%_ls of commands. Computer-corrected commands, values, and
spefllntgs shall be displayed and highlighted for user confirmation prior fo
executfion.

i. Errorsin Stacked Commands:

1. To ;i:rompt for corrections of an error in stacked commands, the system
shall display the sfacked sequence with the error highlighted. )

2. Where {)ossible, a procedure shall be provided to correct the error and
salvage the stack.

j.  Location of Error Messages - Error messages shall be placed on the dis-
p!a¥] close to the point of the error and/or in a designated, consistent area
of the display.

9.6.3.4.5.2 Design Requirements for Prompts

a. Use - Where appropriate, prompts and help instructions shall be used to
explain commands, error messages, system capabilities, display formats,
pracedures, 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. Whenthe
promet cannot be placed at the location of the input, it shall be located ina
standard message area.

c. 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. Prompts shall be conveyed to the user in a form such that additional
resources are not required to interpret the message. They shall not
require reference to coding schemes, external documentation, or conven-
tions which may be unfamiliar to occasional users.

9.6.3.4.6.2 Design Requirements for On-Line Instruction

Access to On-Line Documentation - For instruction, users shall have accessto
on-line doecumentation and descriptions of procedures.
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9.6.3.4.7.2 Design Requirements for On-Line Help

a. Access to Help at Any Point in a Transaction - Users shall be able to ac-
cess the Help function at any Point in their interaction with the system. Ac-
cess 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 respanse frem the system.

c. Levels of Help - The Help function shall previde information at a tevel of de-
tail that matches the needs of the user. The user shall first receive sum-
mary information about the requested topic, then can request additional
detailed information in a specific subtopic or subtopics.

d. Definitions Available - A dictionary of abbreviations, acrenyms, and codes
shall be available through the Help function, where feasible. Definitions of
allowable options and ranges of values shall be displayed at the user's re-
guest where feasible.

e. Helpabout User Dialogues - At the user’s request, the Help function shall
provide the user with basic information about the semantics and syntax of
any available user dialogue. Basic information shall include a structured
listing containing each command, the associated keystroke commands
and menu options, and the uses or consequences of the command.

f. Language of Help Messages:

1. He'p messages shall be explicit, and the user shail not he required to

memorize lengthy sequences or refer to secondary written procedural
references.

2. Help messages shall be conveyed to the user ina form suchthatadditional
resources are not required to interpret the message.

3. Help messages shall not require reference to external documentation.
9.6.3.6 Design Requirements for Sequence Control
a. Hierarchical Process:

1. When hierarchical levels are used to control a process or seguence, 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 itisappropriate for an experienced userto skip levelsina hierarchy,
this capability shall be built in.

b. Interrupt:

1. User interrugts, 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 able to leave the system and store their work so that,
an reentry at a later date, they can resume where they left off.
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9.6.4.2 Design Requirements 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 lnFut.to Consequence - The consequences of the user’s input
shall be both logically and temporally linked to the input action so that the
user can learn to predict what will happen following the input action,

¢. Input via a Variety of Devices - System design shall not impose con the
user the use 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 same function within a task.

d. Computer Failure - In the event of computer failure, the program shall al-
low for orderly shutdown and establishment of a check-point so restoration
gaF be accomplished without significant loss of computing performed to

ate.

9.6.4.3 Design Requirements for Data Entry Design

a. Leaming - The requirement to learn mnemaonics, codes, special or long se-
guences, or special instruction shall be minimized.

b. Abbreviations, Mnemonics, Codes, and Acronyms - When abbreviations,
mnemonics, codes, or acron¥.ms are used to shorten data entry, they shall
be distinctive and have a relationship or association to hormal language or
specific job related terminology.

c. Length of Data Entries - The length of individyal dafa items that are part of
a required data input shall not be longer than is practicable, (e.g., difficuit
to remember while typing or tedious to edit).

d. Data Entry Rate - Data entry shall be paced by the user, depending on the
user's application, criticality of the operation, and attention span, rather
than by the system.

e. System Acknowledgment of Data Entry - The systern shall provide a posi-
tive feedback to the user indicating the acceptance or rejection of a data
engy and shall indicate to the user processing delays of more than 15 sec-
onds.

f. Explicit Completion Action - Data entry shall require an explicit completion
action, such as the depression of an ENTRY key after a string input.

g. Validation - Data enfries shall be validated by the system for correct for-
mat, legal value, or range of values. Where data is entered in sets with the
same format and range of values, 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 shall net be required to enter data al-
ready available to the software.

j.  File Names - Names of files shall be distinctive and descriptive of the con-
tents of the files to aid in localing files and deterring accidental selection or
deletion of files which have similar names.

k. Originator dentification - For reference, the system shall automatically as-
soclate the originator of a data file , text file, or message with the file’s
name.
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9.6.4.4 Design Requirements for Interactive Control

a. Simplicity - The relationship between data entry and displays shall be
straightforward and explicit. Data entry actions shall be simple and direct.

b. Accidental Actuation - Provision shall be made to prevent accidental actua-
tion of potentially destructive control actions, including the possibility of ac-
cidental erasure or memory dump.

c. Compatibility with User Skill, User Tasks - Controls for data entry shail ac-
commodate” the lowest anticipated user skill Jevel.

d. Availability of Information - Information necessary to select or enter a spe-
cific control action shall be available to the user when selection of that con-
trol action is appropriate.

e. Minimized Keyin? - The amaount of keying required shall be minimized by
using numbered lists and abbreviations.

f.  Physical Characteristics of Selectable ltems - Selectable items or regions
shall not be so large that they waste screen space or may hot be per-
ceived as selectable.

g. Multitasking/ultimonitor Considerations - In a multitasking environment
with multiple monitors, controllers, or cursors, the location of the active cur-
sor shall be apparent to the user. If there are two Eointing cursors -- che
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.

h. X and Y Qutputs - The controlier, with the excepticn of arrow keys or other
dlstcretle step keys, shalt be able to produce any combination of X and y out-
put values.

i. X-Y-Z Control Outputs - Any contraller shall be able to preduce any combi-

- nation of ¥, y, and z output valugs. Output in each of the three dimensions
shall be dis¢riminable from each other.
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10.2.3 Personal Hygiene Design Requirements
10.2.3.1 Partial Body Cleansing Design Requirements
Partial body cleaning facility requirements are listed below.

a. Necessity for Facility - Partial body cleaning facilities shall be provided
on all missions that exceed 1 day. On missions of 30 days or maore,
one facility shall be provided for every four crewmembers. A partial
body washing facility shall be provided to accomplish washing of se-
lected body areas.

b. Design Rec'uire_ments - All partial washing equipment using water shall
have the following design characteristics:

1. Method to allow application of water to the hands and face.

2. Meth%d to remove excess water from the body and facility, and cleans-
ing aids.

. Means to controt water temperature.
. Means to control water flow/usage.

. Means to prevent water from escaping info the module environment.

@ N b W

. Compatibility with the use of soap, shampoo, and antiseptic solutions
and accomrhodation of hair and other similar substances which might
commonly find their way into such an area.

(Refer to Figure 10.3.2-1 for rate of body waste generation.)

8. Means for final drying of body part.

9. Appropriate body and equipment (e.g., towels) restraints for reduced
gravity conditions.

10. A means to personally code crew hygiene items.

11.All personai hygiene facilities shall be designed to be easily cleaned
sanitized, and maintained.

¢. Cleansing Agents - Refer to Paragraph 10.2.3.2.d.
10.2.3.2 Whole Body Cleansing Design Reqguirements
Whale body cleansing facility requirements are listed below:

a. Necessity for Facllity - A whole body cleansing facility shall be provided
for all long duration missions.

b. Equipment Design - Refer to 10.2.3.1.b.
Privacy - Privacy shall be provided for whole body cleaning.

d. Cleansing Agents

1. Soap, shampoo, and other cleansing agents shall be chosen for their
comFahmhty with a wide range of skin types in a low humidity environ-
ment.

2. Some range ofﬁersonal selection of cleaning agents, perhaps including
atternative off-the-shelf commercial brand name preparations, shall be
permitted as long as all items are {ydged_ safe for use in the space
module environment and are compatible with on-board water reclama-
tion and/or water and solid waste disposal systems.

' 7. Means to prevent cross contamination among crewmembers.

10-1
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Waste products Mass Velumea

{gm/personiday) (ml/parsorvday)
Hair growth 0.02

(0.3t1005

mm per day)
Desquamated epithelium 3 2
Hair — dapilation loss 0.03 0.03
Hair — lacial — shaving loss 03 0.28
Nails .04 0.01
Solids in swoat 3 3
Sebacegus excration — residuae 4 4.2
Solids in saliva c.o1 0.01
Mucus 04 0.4
Mensus (ses note 1) 113.4 113.4
Flatus ag gas —_ 2000
Solids in feces 20 19
Waterin feces 100 100
Solig in urine 70 [0}
Waterin urine (note 2) 1630 163C

Note:

1. Approximately once every 25 to 34 days and lasts 4 to 6 days,
approximately 80% released during first 3 days.

2. Based on Skylab data.

Figure 10.3.2-1 Yolume and Mass of Human Body Wastes

MSIS 215
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e.

10.2.3.3 Oral Hygiene Design Requirements

a.

10.2.3.4 Hair Cutting Design Requirements

a.

10.2.3.5 Grooming and Shaving Design Requirements

a.
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Dressing Area - The cleaning facitity will include a means for private body
drying and dressing and a drY area for clothes. The area provided for body
drying and dressing shall be temperature controlled.

Capacity - The whole body washing system shall have sufficient capacity
to allow each crewmember to wash a minimum of three times a week.

Necessity for Facility - Oral hygiene facilities shall be provided for all
missions that exceéd 1 day.

Functiona! Reguirement - Facilities shall allow the crew to daily main-
tain proper tooth, oral cavity, and gum cleaning and care.

Cross Contamination - The facilities shall prevent cross contamination
among crewmembers.

Expectoration - Provide facility as necessary to allow the user to expecto-
rate washing fluids and spittie,

Neoessitg for Facility - A faciliéy shall he provided as necessary to keep fa-
cial and head hair the length dictated by mission reguirements and per-
sonal grooming preferences.

(Rate of hair growth is shown in Figure 10.3.2-1))
Facility Design - The facility shall be sufficiently large to aliow a crewmem-
ber to ‘assist in hair cutting and trimming. The faciilty shall be equipped
with appropriate storage areas, restraints, and mirrors.

Debris Containment - The facility shall ensure that hair is contained and
does not escape into the space module environment.

{Refer to Paragraph 5.1.3.3, Atmosphere Contamination, for further infor-
mation on debris containment requirements.)

Lighting - Lighting shall be sufficient to see small details.

{Refer to Paragraph 8.13, Lighting, for specific fighting requirements.

Necessity for Facilities - A shaving and greoming facilities shall be pro-

vided for'all missions that exceed 2 days.
(Refer to Figure 10.3.2-1 for the rate of generation of nails and hair.)

Debris Containment - The capability shall be provided for collection and
containment of bedy hair and nails.

{Refer to Paragraph 5.1.3.3, Atmospheric Particulates, for further informa-
tion on debris containment requirements.}

Supplies - Refer to Paragraph 10.2.3.2.d Cleansing Agents

Facility Desiﬂ\n - Grooming facilities shall consist of a designated space
equipped with appropriate stowage areas, restraints, mirrors, and access
to a water supply.

Lighting - Lighting shall be sufficient to see small details.

{Refer to Paragraph 8.13, Lighting, for specific lighting requirements.)
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10.3.3 Body Waste Management Facilities Design Requirements

10.3.3.1 Defecation and Urination Facilities Design Requirements

;he_:l{_ollowing are requirements for the design of crew defecation and urination
cilittes:

Number of Facilities - Facilities shall be provided based on crew size.

b. Fecal Collection - Fecal collection facilities shall meet the following require-

ments:

1. The facilities shall provide crew interfaces to accommodate the collection
of fecal solids, liquids, gases, particulates, and associated consumable
material (e.g., wipes).

2. The facilittes shall ailow simultanzous urination and defecation while
seated. In addition, accommodations shall be provided for vomitus col-
lection within reach of the seated crewmember.

3. Capacity - The fecal collection system shall have the foliowing capacity:

a) The fecal collection devices shall agcommodate fecal matter of 400 gm
{14 02z) by weight and 300 ml (18 in”) by volume per person per day.

b) The capability to accommodate a maximum of 1000 ml (61'|n3) ofdiarrhea
discharge shall be provided.

¢) The fecal collector shall accommodate a maximum BOLUS length of 330
mm {13 in).

d) Qua&]ttjties in excess of these amounts shall not result in an unresolvable
condition.

4. The facilities shall capture, isolate, stabilize, and store all wastes and
wipes generated during defecation.

Urintta Collection - Urine collection facilities shall meet the following require-
ments,

1. The urine receiver should be located so that male crewmembers may also
urinate in the standing position without removing lower clothing.

2. The facilities shall provide crew interfaces to accommodate liuid capture
and splash contral.

3. Capacity - The urine collection system shail have the following capacity:

a) The urine collection deviceg shall accommeodate a maximum urine output
volume of 4000 ml (244 in”) per person per day.

b) The urine collection system shall be designed to accommodate urinary
discharge usp_tg 800 ml {49 in™) in a single micturition at a delivery rate of
50 mlfsec (3 in“/sec).

¢} Urine volumes in excess of these amounts shall not result in an unrecov-
erable condition.

4. The facilities shall capture, isolate, stabilize, and store all wastes and
wipes generated during urination.

Sanitation - The defecation and urination facilities shall meet the following
sanitation requirements:

1. The facilities shall be designed to allow periodic cleansing and disinfection
of crew interfaces and subsystems.
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2. The facilities shall prevent cross contamination among the crew members.
3. The facilities shall not contaminate other areas of the space module.

e. Noise - A means shall be provided to control noise from the facility equip-
ment andfor crewmembers when the equipment is in operation.

f,  Odars - Odors from the facility and from storage and handling facilities
shall be controlled.

g. Privacy - Defecation and urination facilities shall provide both visual
and auditory privacy for the user.

h. Capacity - Sufficient urination and defecation facilties and capacity
shall be'provided to allow use by the crew within mission time and
schedule constraints.

i Conting.en%y, S¥stem - A contingeney urination and defecation facility shall
be provided in the event of primary system failure.

j. Restraints - Appropriate restraints shall be provided for facility use and
post use cleanup.

k. Body Cleansing - Provisions shall be provided in the urination and defeca-
tion facilities for inspecting and cleaning the body after use and the dis-
posal of used materials.

1. Anatomicat Accommodation - Urination and defecation facilities shall be
pravided to accommodate the physiclogical differences of male and fe-
male crewmembers and the anatomical size range of the crew. The crew
interface hardware shall be appropriately designed to allow easy interface
with other personal hygiene equipment, personal hygiene supplies, and
crewmember clothing.

m. Handling of Feces and Urine - If a crewmember is required to handle urine
or feices samples for transfer to another area, the following requirements
apply:

1. Crewmembers shall be protected from direct contact with waste material.
2. Waste material adors shall be controlled.

3. Methods shall be provided to prevent escape of waste material into the
environment.

4, Transfer containersshall be so constructed asto prevent microbial escape
during transfer,

n. Inspection - The capability shall be provided for a crewmember to visually
insgect his or her fecal waste products.

0. Noise (Refer to Paragraph 5.4.3.2.3, Annoyance Exposure Requirements,
for applicable noise criteria.)

10.3.3.2 Facilities for Other Waste Products Design Requirements

In addition to facifities for urination and defecation, the waste management fa-
cility shall have the following capabilities:

a. Vomitus - The waste management facility shall be able to collect, contain,
transport, and treat vomit. The collection facility shall be readily accessi-
ble, particularly during the first few days of the mission.
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Menses - A means of collection, treatment, and disposal of menstrual dis-
charge and assqciated absorbant material shall be provided to female
crewmembers. The facility shall be private.

Transfer Containers - Transfer containers, if required, shall be so con-
structed as to prevent microbial escape d'urmg transfer.

10.4.3 Individual Crew Quarters Design Requirements

The following are design requirements for one-person individual crew quarters:

a.

Communications - Two way audio/visual/data communications system
shall be provided between the crew guarters and other module areas, and
the ground. The system shall have the capakility of alerting the crew guar-
ters occupant in an emergency.

Environmental Controls - Independent Iighting, ventilation and temperature
control shall be provided in crew quarters and shall be adjustable from a
sleep restraint.

(Refer to Paragraph 5.8.3, Thermal Design Requirements, for thermal and
ventilation requirements, and Paragraph 8.13.3, Lighting Design Require-
ments, for lighting requirements.)

Nojse - The neise levels in the crew quarters shall be as low as possible
during sleep periods.

|(qi'\’&fﬁj‘h:t Paragraph 5.4.3.2.3.1, Wide-Band Long-Term Noise Exposure
equirements, for permissible noise levels.)

Movement - The vibration and acceleration of the crew quarters shall be
minimized to the maximum extent possible.

(Refer to Paragraph 5.5.3.3.3, Reduced Cemfort Boundary, for sleep area
vibration Iimitsg)

Stowage - Facilities shall be provided in the crew compartment for stowing
hedding, clothing, and personal items.

Compartment Size - For long duration space missions, dedicated, private
crew quarters shall be provided for each crewmember with sufficient inte-
grat ¥0Iume to meet the following functional and petformance require-
ments:

1. 1.50 m3 (53 ft%) for sleeping.
2. 0.63 m3 (22 ft°) for stowage of operational and personal equipment.

3. Addiional free volume, as necessary, for using a desk, computer/com-
munication system, frash stowage, personal grooming, dressing/undress-
ing convalescence, off-duty activities, and access to stowage or
equipment without interference to or from permanently mounted of tem-
porarily stowed hardware. The internal dimensions of the crew quarters
shall be sufficient to accommodate the fargest body size crewmember
under consideration.

{Refer to Figure 8.6.2.3-1 for maximum 1-g unrestrained clothing don/doft
envelope.)

Exit and Entry - The opening shall be sufficiently large to allow contingency
entry by an EVA suited crewmember.

(Refer to Paragraph 8.10.3, Hatch and Door Design Requirements, for re-
quirements on doors.)

(Refer to Paragraph 14.5.3.5, EVA Passageway Design Requirements, for
minimum opening for EVA suited crewmember,g

10-6




NASA-STD-3000/VOL.IIL

h. Privacy - The individual crew quarters shall provide audio and visual pri-
vacy for the occupant.

i. Restraints - Restraints shall be provided as necessary for activities such
as sleeping, dressing, recreation, and cleaning.

gReferto Paragraph 11.7.2.3, Perscnnel Restraints Design Requirements,
or requirements on restraints.)

j. Windows - Window accomtnodations shall be provided in individual
crew guarters on long duration missions.

10.5.3 Galley and Wardroom Design Requirements
10.5.3.1 Overall Galley and Wardroom Layout Design Requirement

The following requirements apply to the overall layout of a space module
galley and wardroom:

a. Traffic Flow - The gf;al[ey and wardroom shall be configured to provide
clear traffic paths for the crew to efficiently perform gailey activities.

b. Size of Crewmembers - Galley and wardroom hardware shall be usable by
international crews and by the full size range of crewmembers.

(See Paragraph 3.3.1, Body Size, for specific dimensions.)

c. Restraints - Restraints shall be provided for crewmembers, food, utensils,
cooking equipment, and other loose items as necessary at galley and
wardroom locations.

d. Ambient Conditions - Comfortable e_atin?/dining cenditions over prolenged
neriods requires the capa,blhtr to adjust |ght levels, light directicnality and
ighting type. Ambient noise levels should also be kept below 70 db (a).

(Refer to Paragraph 11.7, Personnel Restraints Design Requirements, for
specific restraint design requirements.)

10.6.3.2 Food Selection, Preparation, Consumption Design Requirements

a. Inventory Update and Review - Thegal]e_y shall provide a system which al-
lows for simple and rapid update and review of the food, beverage and
water inventory.

(Refer to Paragraph 13.3.3, Inventory Control Design Requirements, for
additional reguirements.)

b. Identification - All food items shall be identifiable in terms of contents and
method of preparation.

c. Accessibility - A pantry or immediately accessible stowage area for at least
one day's food supply for the entire crew shall be provided in the galley.

d. Heating - A meang shall be '?rovided in the %alley for heating food and lig-
uids to at least 66° C (150°F) in less than 30 minutes and for maintaining
that temperature.

e. Chilling - A means shall be provided in the galley for cooling food and lig-
Uids to 4%+ 2 C (39 +;-3§|-}§. gatey g d

f. Rehydration - A means shall be provided in the galley for injecting neces-
sary potable water for rehydration of food.

(Refer to Paragraph 7.2.2.3.2, Potable Water - Design Requirements, for
potable water requirements.)
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g. ggmiangea&degtri%par?tionlUtensil_s_- Area shall bte {arovideldtin the g?llgey for
B braparaion ook and coamera o1 {2y plates, conianiers,

h. A table shall be provided for eating.

10.56.3.2 Food Packaging and Stowage Design Requirements

a. Package Portions

b. Rehydration Provisions

¢. Kneading Provisions

d. Integration \With Food Preparation System

e. Eating

f. Toxicity

10.5.3.4 Galley and Wardroom Cleaning Design Requirements

The following facilities shall be provided for galley and wardroom ¢leaning and
sanitation:

a. Design for Cleaning - The surfaces in the galley and wardroom shall be
easily accessible for cleaning and sanitation. The surface texture shall be
capable of being wiped clean. Closeouts shall be provided to preclude
contamination in areas that are inaccessible.

b. Cleaning Supplies and Equipment - Cleaning supjln_lies and equipment shall
be readily available to the galle?{ and wardroom. The equipment and sup-
plies shall be capable of the folfowing:

1. Sanitizing the galley and wardroom.

2. Collection, containment, and stabilization (as necessary) of debris, spills,
and odors.

3. Washing and sanitizing of reusable utensils, serving eguipment, and
preparation equipment.

¢, Trash Collection - A trash collection point shall be ﬁrovided in the galley
and wardroom for both wet and dry trash. Trash shall be kept out of sight

and odors shall be controlled so that the trash collection points are not aes-
thetically objectionable to the crew.

(Refer to Paragraph 13.2.3, Housekeeping Design Requirements, for spe-
cific requirements.)

10.6.3 Meeting Facility Design Requirements
10.7.3 Recreation Facility Design Requirements
10.8.3 Microgravity Countermeasure Facility Design Requirement

10.8.3.1 Microgravity Countermeasures Equipment/Supplies Design Re-
quirements

10.8.3.1.1 Exercise Equipment

a. Strenglh Equipment - An isotonic strength mechanism %;robabl an er-
ormeter), capable of imposing resistive forces of from 4oto 1335 N (10 to
00 ib), so that crewmembers can perform weight-lifting type exercises,
shall be included.

b. Aerobic Equipment - A minimum of one piece of aerobic exercise equip-
ment shall be provided.
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10.8.3.2 Countermeasure Monitoring Design Requirements

a. Link With Medical Facility - Exercise devices shall have a real-fime data
link with the onboard medical facility.

b. Routine monitoring - The capability shall be provided to moniter the heart
rate, duration of exercise period, and the power output from instumented
exercise device on a routine basis.

¢. Peripdic monitorin? b The capabitity shall be provided to monitor electro-

cardiograph output, blood gresssure, oxygen uptake (VO2), and mus-

cle strength on a periodic basis.

10.8.3.3 Display Capabilities for Exercising Crewmembers Design Re-
quirements

a. Exercise Parameters - Display of exercise parameters (heart rate,
elapsed time, power input).

b. Trend Data - Trend analysis comparisons of crewmember performance
over time.

¢. Textand Video Entertainment (crewmember choice).

10.8.3.4 Exercise Environment Design Requirements

a. Coaling and Ventilation

b. Noise and Vibration Control

c. Minimize Boredom

10.8.3.5 Countermeasure Program Administration Design Requirements

Facilities shall be provided for administration of protecol, monitering and re-
cording, and schedule and protoco! revision.

10.89.3 Space Medical Facility (SMF) Design Requirements
10.9.3.1 Medical Facility Environmental Design Requirements
The SMF shall meet the following environmental requirements:
a. Cleanliness - shalt be capable of being cleaned and sanitized.
b. ,I[_algsﬂgng - shall meet requirements of Figure 8.13.3.1-1 for specific medical
c. Eg\jracy - shall be visually separable from the remainder of the space mod-
d. Noise - noise levels shall meet the requirements defined in section 5.4.3,
10.9.3.2 Equipment Requirements
10.9.3.2.1 Data Base and Communications Capability
Qnsavgtrgm ﬁggllii??egroor\ggeig :;?'ait%h can manage and store medical information
) ry of medical suppties and pharmaceuticals,

and two way voice and visual communications between the module and sup-
plemental medical support facilities outside the module.

10.9.3.2.2 Environmental Monitoring Equipment
The SMF shall have the ability for real-time or near real-time monitoring for:
particulate substances, microbial contamination of air, water, and surfaces;

volatile contaminants of the atmosphere; potential water supply contaminants
(Fig. 7.2.2.3.2.1-1); and module and biclogical radiation exposure.

10-9
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10.9.3.2.3 Physiclogical Menitoring Equipment

The SMF shall have cardiovascular, pulmenary, metabolic, renal, muscular
and skeletal, and body fluids physiological mohitering capabilities.

10.9.3.2.4 Medical Life Support

The SMF shall be capable of emergency life support until further medical treat-
ment can be administered. Ventllatoyfresplrator_suFFort and pulmonary assess-
ment equipment shall be included with the medical life support equipmient.

10.9.3.2.5 Laboratory

The SMF laboratory shall be capable of monitor and analysis of hematology,
clinical chemistry, urine analysis and microbiology.

10.9.3.2.6 Diagnostic Imaging

Zl'}et SMF shail provide both a radiographic and nonradiographic imaging capa-
ility.

10.8.3.2.7 Countermeasures
The SMF shall provide the eg{}uipment necessary to counteract the effects of re-
duced gravity on the bady. The countermeasures shall include exercise equip-

ment, physiolegic menitoring equipment, pharmaceuticals, and pressure
devices fo counteract the effect of fluid shifts in zero gravity.

%ug)her details on the microgravity countermeasure facilities are in Paragraph

10.9.3.2.8 Surgery/Anesthesia Equipment
The SMF shall provide supplies and equipment to perform minor surgery.
10.9.3.2.9 Dental Care Equipment

The SMF shall contain equipment and supplies used to treat dental anomalies
of a comptexity up te and including teoth removal.

10.9.3.2.10 Intravenous Fluid Injection Supplies and Equipment

The SMF shall provide equipment for preparation and measured injection of
sterile water, fludis containing medications, electrolytes, or nutritional sub-
stances, and blood or blood products.

10.8.3.2.11 Hyperbaric Treatment Facilities

The SMF shall have an air lock designed for compression therapy at up to 6 At-
mospheres for treatment of decompression sickness and air embolism.

10.8.3.2.12 Pharmaceuticals
The SMF shall have sufficient pharmaceuticals and facilities for their stowage.
10.9.3.2.13 Central Supply

Miscellaneous medical equipment such as bancja?es, burn treatments, sterile
water, etc. shall be provided at a readily accessible central paint.

10.9.3.2.14 Physician’s Instruments

The SMF shall contain a transportable package of physician's instruments suffi-
cient for the conduct of a routine diagnostic exam.

1¢- 10
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10.8.3.2.15 Safe Haven Medical Design Requirements
10.9.3.2.15.1 Nominal Operation Design Requirements

The safe haven shall have the following minimum operational capabilities for
medical support while awaiting rescue:

a. Pharmacy.

b. Central supply.

c¢. Diagnostic exam.

d. Emergency airway equipment.

e. Maechanically powered intravenous production.
f.  Administration capability.

g. Single deployable nonpowered exercise device (to be used only if primary
exercise devices are not operational ).

10.9.3.2.15.2 Contingency Operation Design Requirements

40.9.3.2.16 Facilities For Processing and Storage of a Deceased Crew
Member

10.10.3 Laundry Facility Design Requirements
10.11.3 Trash Management Facility Design Requirements

The following are the design requirements for trash management from the
source to the disposal area;

a. Trash Sorting - Where it is necessary to sort trash before depositing in a re-
ceptacle, the following requirements shall be met:

1. Receptacle labeling - Each of the receptacles shall be appropriately
labeled defining acceptable and non-acceptable trash.

2. Transfer package labeling - If trash must be transferred from one recep-
tacle to anocther, there shall be a method of identifying the trash so that it
is placed in the proper receptacle.

3. Human error - The system shall be capable of recovery in the event that
trash is inappropriately placed in a receptacle.

b. Trash Receptacles:

1. }_d%rlttiﬁcation of receptacles - All trash receptacles shall be clearly identi-
iable.

2. Receptacle location - The iocation of trash receptacles shall meet the
following requirements:

a. The location shall effectively reduce trash in the crew stations.
b. The location shall minimize crew trash handling fime.

c. The location shall not interfere with crew movement.

10-11
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c. Odor and Contamination Control - The following requirements apply to con-
trol of oder and contamination:

1. Trash handling equipment shall be designed fo preclude module contami-
nation during introduction of trash.

2. Trash storage areas shall preclude contamination of the living environ-
ment by harmful microorganisms or odor.

3. The trash management equipment area shall be capable of being cleaned
and sanitized.

4. There shall be a safe means for dispasal of any harmful chemical or
radioactive wastes.

d. Operation - All trash collection, handling, and disposal equipment shall be
capable of being operated by the full size and strength range of the de-
fined crewmember population.

{Refer to Paragraph 3.3.1, Body Size, and Paragraph 4.9.3, Strength De-
sign Requirements, for additional requirements.?

e, Receptacle Capacily - Crewmembers shall be capable of easil¥ determin-

lnglthe level of trash (in relationship to capacity) in each of the trash recep-
acles.

10.12.3 Stowage Facility Design Requirements
The following are design requirements for space module stowage facilities:

a. Location - The following are requirements for the location of stowage ar-
eas!

1. Proximity - ltems shall be stored as close as possible to their point of use.

2. Safety - Hazardous items shall be stored away from heat or ignition
sources and away from crew congregation areas.

3. Interference - Stowage facilities shall not interfere with normal or emer-
gency crew operations.

b. Accessibility :

1. Stored items shail be accessible by the defined size range of the space
module crew.

(Refer to Paragraph 3.3.1, Body Size, for additional information.)

2, .Ftlemoval of a stored item shall not require removal of another, unrelated
Iem.

c. LabelinF and Codin? - Stowage locations and items shall be coded to al-
low for [ocation, replacement, or inventory of items. The coding system
shali allow modification.

(Refer to Paragraph 9.5.3, Labeling and Coding Design Requirements, for
additional requirements.)

d. Environment:

Refer to Section 5.0, Natural and Induced Environments, and Paragraph
.13.3, Lighting Design Requirements, for habitability and lighting require-
ments of stowdge areas that require human occupafion.)

e, Hand Operation - Stowage retainers shail be designed to be operated by
hand; no tools shail be required.

10-12
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Cemmonality - Latchin? devices, containers, and container covers shall
have design commonality throughout all space module stowage facilities.

Inventory Management - The stowage facility shall be compatible with the
space module inventery management system,

{Refer to Paragraph 13.3.3, Inventory Control Design Requirements, for
additional infarmation.)

Retention Devices - Stowage items shall be secured within the con-
fainer 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.

10-13
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11.2.3 Tool Design Requirements
11.2.3.1 Hand and Too! Integration Design Requirements
11.2.3.1.1 Tool Handgrip Size and Shape Design Requirements

Power and manual hand tools shall comply with the fellowing handgrip size
and shape requirements:

(Refer to Paragraph 6.5.3, Touch Temperature Design Requirements for
specific touch temperature criteria.)

a. Gripping Surface - Hand gripping surfaces that minimize abrasion to the
EVA glove material shall be provided on handles of tools.

b. Sleeve Tyge Adapters - If sleeve-type handie cover adaptors are used,
they shall be adequately secured so they will not slip, rotate, or come off.

¢. Qrientation - Tool handles shall be oriented to allow the operator’s wrist
o rele_mam in the most natural pesition while force or guidance inputs are
applies.

d. Auxiliary Confrols - If an auxiliary control on the tool must be manipulated
while the operator is holding the tool, the control shali be located where]|

1. The thumb or finger of the holding hand can manipulate the contro}
without disturbing the tool/ fastener holding position.

2. Unintentional er inadvertent control operation is impossible.
11.2.3.1.2 Tool Handedness Design Requirements

The following requirements apply to handheld manual tools and handheld
power tools:

a. Too! Operation - All general purpose hand lools shall be one-handed
operable in-so-far as practical.

b. Tool Instailation/Alignment - One hand only shall be required for tool
installation and alignment.

c. Tool Handle Design - Tool handles shall be designed to allow the operator
to use either the left or right hand.

1 1.213.1.3 Tool Actuation Forces and Direction of Action Design Require-
ments

All hand teols shall comply with the following:

a. Actuation Force - Hand toels shall require an actuation force of less than
89N (20 Ibs) or a torque of less than 15 Nm {11 ft-Ibs).

b. Throw Angles - Ratcheting tools shall be capable of providing torque with
a minimum throw angle of 45 degrees.

c. Plier-Type Tools - Plier-type tools shall be spring-actuated in the open
direction to permit one-handed operation.

d. Driver-Type Tools - Driver—t¥pe hand tools shall not require a push force
te maintain tool engagement while providing torque.

11.2.3.2 Tool Commonality Design Requirements

To ensure that the tool complement is kept at a minimum, the following
requirements shall apply:

a. Tool Quantity - The number of different types of tools shall be minimized,




b.

NASA-STD-300/VOL.III

Standard Attaching Hardware and Fasteners - Size and type of attaching
hardware and fastener head configurations shall be standardized through-
out the vehicles to limit the number and kind of tools required to perform
maintenance tasks.

Refer to Paragraph 11.9, Fastener Design Requirements, for specific
stener-to-tool interface requirements.)

Special Tools - The number of different and special tools required for
maintenance shall be minimized.

For every type and size of fastener used onboard, a corresponding tool(s)
shall be available for removal/replacement.

(Refer to Paragraph 11.9.3.1 |, Fastener Design Requirements for specific
considerations and requirements).

11.2.3.3 Tool Tethering/Retention Design Requirements

a.

Tool Restraints - A means shall be provided on all tocls for restraining the
tool during use,

Tool Transporter Devices - Tool cariiers shall be provided to transporttools
and to retain these toois during the maintenance activity.

Retention of Small Parts - Tool carriers/transfer devices shall provide a
means of retaining small parts and attaching hardware, Iltems retainable
in this manner shall be visible for retrieval.

Too| Restraint During Translation - Tools shall be restrained in the tool
?arnﬁrlti_ransfer device with sufficient force to prohibit detachment during
ranslation.

Tool Carrier Attachment - Tool carriers and tool retention devices shall
have provisions to attach the device to the crewmember or to adjacent
structure or equipment.

(See Paragraph 11.7.3.3, Equipment Restraint Design Requirements, for
other appticable restraint requirements.)

Inagvertent Tool Disassembly - A means shall be provided to prevent
;nac{ﬁer’tten} tool disassembly while installing, using, removing, or transport-
ing the tool.

11.2.3.4 Tool Stowage Design Requirements

a.

General - A systematic approach shall be used in stowing tools and
maintenance aids throughout the space module.

Stowage Provisions - Provisions for launch, entry, and temporary inflight
stowage shall be provided.

Stowage Location:

1. Specialized tools shall be stowed in areas which cotrespond to their
functional applications.

2. All general-purpose tools shall be grouped in one specific area.

Tool Stowage List - A tool summary or listing of the entire tool inventory,
including stowage locations, shall be available onboard the space module.

Tool Arrangement in Stowasge Container - A s}/stamatic approach shall be
used in the arrangement of teols in the tool kit.
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Temporary Stowage at Work Area - A systematic approach and a methodi-
cal layout of tools at the work area shall be required.

(Refer to Paragraph 10.12.3, Stowage Design Requirements, for other
specific stowage requirements.)

11.2.3.5 Tool Labeling and Identification Design Requirements

{Refer to Paragraph 9.5.3, Labeling and Coding Design Requirements for
detailed labeling and coding requirements.)

a.

Selection of Names for General Tools - Tool names shall be identical to
those names called out on the tool/ too! label and, in all cases, will be the
most commeon definitive name recognizable by the crewmembers.

Selection of Names for Specialized Tools - Specialized tool nomenclature
shall describe the specific task it is intended to accomplish and shall not
be identified with the equipment it is servicing.

Identification of Specialized Tools - When special tools are absolutely|
necessary, they shall be coded andior marked to indicate intended use.

Toal Labels - Prominent labels shall be provided adjacent to eachtool in
the stowage container/kit if the tool is not readily recognizable.

Tool Metric/English Identification - All tools shall be labeled or coded to
indicate whether the tool is sized in metric or English units.

Tool Inventory Gontrol Labeling - Tools shall be tracked by an automated
inventory control identification system.

(Refer to Paragraph 13.3.3, Inventory Control Design Requirements, for
specific requirements.)

EVA Tool Compatibility - IVA tools that are EVA compatible shall be so
identified.

11.2.3.6 Tool Access Design Requirements

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.

a.

Tool Head Clearance - When only tool access is required, a 2.5 cm (1 in.)
clearance shall be provided around the fastener or drive stud for insertion,
actuation, and removal of the drive end of the tool.

Tool Handle Clearance - A minimum of 7.6 ¢m (3 in.) shall be provided for
clearance between a tool handle en?agied on a fastener or drive stud and
the nearest piece of hardware. The tool handle should be able to maintain
this clearance through a full 180 deg. swept envelope.

Tool Head-to-Fastener En al?ement_H_eight - The tool socket/fastener
head engagement height shall be & minimum of 0.7 em (0.3 in.}.

Tool Handle Offset - The maximum tool offset between the tool handle and
the tool head shall be 35.5 cm (14in.).

Access for Tools - Minimum tool access clearance for hand tool actuation
is given in Figure 11.2.3.6-2.

11.2.3.7 Special Tool Features Design Requirements

a.

Nensparking Tools - Nonsparking materials shall be required for general
purpose tools.

1i-3
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Figure 11.2.3.6-1 Tool Access Requirements (IVA)
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Opening Dimensions

Task

A 117 mm (4.6 in}
B 107 mm {4.2in)

Using common
screwdriver with
freedom to turn hand
through 180°

A 133mm (5.2in}

8 115mmid5in

Using pliers and
similar tools

A 155 mm (5] in)
B 135mm (5.3 i)

Using T-handle
wrench with freedom
to turn wrench
through 180°

A 202 mm (80 | Using open-end

B 135mmi53inl | wrench with freedom
to turn wrench
through 62°

A 172mmi48im | Using Allen-type

8 185mmE.1im | wrench with freedom

to furn wrench
through 62°

Figure 11.2.3.8-2 Minimal Clearance for Tool-Operated Fasteners

MSIS 27
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b. Nonconductive Tools :

(Refer to Paragraph 6.5.3, Touch Temperature Design Requirements, when
tools are to be used in extremely hot or cold temperature areas.)

(Refer fo Paragraph 6.4.3, Electrical Hazards Design Requirements, for
requirements for insulation protection against electrical hazards.)

C. Einish - Tools shall be capable of being refinished in flight in order to remove
urrs.

gRefer to Paragraph 6.3.3, Mechanical Hazards Design Requirements, for
urrs, corners, edges, and protrusion design requirements.)

d. Battery Pack:

1. Power tools shall be designed so the battery packs can be replaced at the
worksite.

2. Power tools using battery packs shall have a level-of-charge indicator or
andl‘ndlcaélon as to when a battery pack is required to be replaced or
recharged.

3. Hazards associated with charging and stewage of rechargeable batteries
{such as toxic or flammable offgassing, leakage of corrosive electrolytes
or high temperatures) shall be addressed and controlled.

11.3.3 Drawer and Rack Design Requirements

11.3.3.1 Drawer and Rack Interfacing Requirements

Stowage drawers, equipment drawers and racks shall be designed to provide the
following interfacing features:

a. Size:

1. Unless prohibited by functional needs, all racks shall be designed to house
single-wide drawers (and other types of equipment mounting hardwareﬂ
that shall be 48.26 cm (19.00 in) wide or double-wide drawers that sha
be 96.52 cm (38.00 in) wide.

(Refer to Paragraph 2.3.2, Standardization Design Requirements, for the
general standardization requirements.}

2. If equipment is intended to be launched and returned in the Shutile
stowage lockers, it shall be sized per Figure 11.3.3-1.

b. Location Related to Traffic Patterns - Racks that recwire frequent drawer
deployment shall be located in areas that do not have high traffic.

(Refer to Paragraph 8.7.3, Traffic Flow Design Requirements, for general and
specific requirements related to blocking traffic patterns.)

¢. Unobstructed Volume for Use - Provide adequate clearance such that the
drawers can be opened, remeoved, and reptaced without obstructions from
adjacent hardware,

d. Easily Removable - Rack and drawer interfaces shall be designed such that
the drawers can be remaved from their rack or cabinet along a continuous
straight or slightly curved path without using tools.

e. Limit Stops:

1. Provide limit stops that will prevent the drawer from being unintentionally
pulled out of the rack.
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2. The limit stops shall be designed to hold the drawer in the full open
position.

3. The limit stops shali be capable of heing disengaged without using a tool
to enable drawer removal.

Drawer Movement Forces - Drawer opening/closing or removal/installation
shall not require a force greater than 156 N (35 Ibs).

(Refer to Paragraph 4.9.3, Strength - Design Requirements, for crewmember
strength requirements.)

A!iqnment Guides - Provide guide pins or equivalent to aid in alignment when
replacing a drawer into its rack or cahinet.

(Refer to Paragraph 11.5.3.2, Alignment Devices Design Requirements, for
detailed requirements.)

11.3.3.2 Design Requirements Common to Both Stowage and Equipment
Drawers

In addilion to the requirements given in Paragraph 11.3.3.1, all stowage and
equipment drawers shall be designed to provide the foliowing features:

a.

Latches/Handles/Operating Mechanisms - All latches, handles, and operat-
ing mechanisms shall be designed to be easily latched/unlatched and
opened/closed with one hand by the entire crewmember population without
having to use any operating insfructions.

(Refer to Paragraph 4.9.3, Strength Design Requirements, for crewmember
sfrength capabilities.)

%Referto Paragraph 11.6.3, Handle and Grasp Area Design Requirements,
of handle and grasp area cenfiguration requirements.)

"Latch/Unlatch Status - The design shall be such that it is obvious when the

drawer is not fastenedfiocked when in the closed position.

11.3.3.3 Stowage Drawer Design Requirements

In addition to the requirements

iven in Paragraphs 11.3.3.1 and 11.3.32,

stowage drawers shall be designeg to meet the following requirements:

a.

Restraint of Contents :

1. Drawer contents shall be restrained in such a way that the items shall not
float free when the drawer is opened, or jam the drawer so it cannct be
opened or closed.

2. Drawer contents shall be restrained in such a way that the contents can
be removed/replaced without using a tool.

(Refer to Paragraph 11.7.3, Equipment Restraints, for specific restraint
requirements.)

Arrangement in Housing/Cabinet - Drawers shall be arranged within their
housing/cabinet such that the most frequently accessed drawers are in the
most accessible locations.

Access to Contents - The contents of drawers shall be arranged such that the
contents are visible and accessible when the drawer is in the ocpen position.

Identification of Contents - In the stowed position, the contents of drawers
shall be identified by labeling.

(Refer to Paragraph 8.5.3, Labeling and Coding Design Requirements, for
specific requirements.
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11.3.3.4 Equipment Drawer Design Requirements

In addition to the requirements given in Paragraphs 11.3.3.1 and 11.3.3.2,
equipment drawers shall be designed to meet the following requirements:

a.

b.

Utility Connections :

1. The utility connections shall be designed to be easily disconnected/con-
nected when the drawer is in the fully opened position.

(Refer to Paragraph 11.10.3, Connecter Design Requirements, for gen-
eraland specific connector design requirements.)

2. |f 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.

(Refer to Paragraph 11.14.3, Cable Management Design Require
ments, for general and speciﬁc design requirements.}

Equipment Layout on Rack
1. Components shall be mounted in an orderly array on a two-dimen

sional surface, rather than stacked one on another (i.e., a lower laye
shalt not support an upper layer).

2. ltems of the same or similar form, but having different functional

properties, shall be mounted with a standard orientation throughout the
unit, btit shall be readily identifiable and distinguishable, and shall not be
physically interchangeable.

3. Delicate items shall be located or guarded so that they will not be
susceptible to damage while the unit is being handled or maintained.

11.4.3 Closures and Covers Design Requirements

Equipment housings (e.g., electrical bays, cabinets, lockers, and consoles) shall
be designed to ﬁrowde closures and covers for inaccessible areas. The following

requirements sl

a.

all apply:

Sealing - The inaccessible areas shall be sealed to prevent small items from
drifting into them.

Removal - Closures shall be quickly and easily removed to allow maintenance
of equipment.

Securing - It shall be obvious when a closure is not secured, even though it
may ke in place.

Loads - Nonstructurat closures should be capable of maintainin? closure and
of sustaining a crew-imposed minimum design load of 451 N (125 Ibfyand a
minimum ulfimate load of 632 N (175 [bf).

Instructions - |f the method of opening a cover is not obvious from the
construction of the cover itself, instructions (including afpﬁllcable too! instruc-
tions) shalt be permanently displayed on the outside of the cover.

Clearance - Bulkheads, brackets, and other units shall not interfere with
removal or opening of covers.

Application - An access cover shall be provided whenever frequent mainte-
nance operations would otherwise require removing the entire case or covef,
or dismantiing an item of equipment.

Self-Supporting Covers - All access covers that are not completely removable
shall be self-supporting in the open position.

(Refer to Paragraph 12, Design for Maintainability, for other maintainability
design considerations and requirements.)
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Ventilation Screen Access - Where ventilation screens, holes, or grids are
usegti_, the ventilation surface shall be accessible for vacuuming in its instatled
position.

(Refer to Paragraph 13.2.3.3 Vacuum Cleaning Design Reguirements, for
more detailed requirements.)

11.5.3 Mounting Hardware Design Requirements

11.5.3.1 General Mounting Design Requirements

The following general requirements apply to mounting hardware:

a.

Equipment Mounting - Equipment items shall be designed so that they cannot
be mounted improperly.

Drawers and Hinged Panels - Subsystem components which are freguently
pulled out of théir installed position for checkout shall be mounted on
equipment drawers or on hinged panels.

(Refer ta Paragraph 11.3.3, Drawer and Rack Design Requirements, for
specific requirements )

Layout - Comgonents shall be mounted so that a minimum amount of
place-to-place hand movements will be required during operations.

Covers or Panels - Remaval of any replaceable item shall require opening or
removing a minimum number of covers or panels.

(Refer to Paragraph 11.4.3, Closures and Covers Design Requirements, for
specific requirements.)

Installation/Removal Foree - Hardware mounted into a capture-type recepta-
cle that requires a push-pull action shall require a force less than 158N (35
Ibs.) to install or remove.

(Refer to Paragraph 4.9.3, Strengih Design Requirements.)

Rear Access - Et:{uipment to which rear access is required shall be free to
open or rotate to their fult distance travel and remain In the "open" position
without being supported by hand.

;I'ocl;ls - Whenever possible, items shall be replaceable with a commeon hand
caol.

(Refer to Paragraph 11.2.3, Tool Design Requirements, for specific tool
requirements.)

Direction of Removai - Replaceable items shall be removable along a straight
or slightly curved line, rather than through an angle.

Visibility - All forward edges of the equipment item shall be visible to the
restrained crewmember during alignment and attachment.

{Refer to Paragraph 11.5.3.2, Alignment Devices Design Requirements, for
specific alignment requirements.)

Spacing - Mounting bolts and fasteners shall be spaced far enough from other
surfaces to allow personnel to manipulate them.

(Refer to ParaEraEtJh 11.2.3.6, Too! Access Design Requirements, and Para-
graph 11.9.3, Fastener Design Reguirements, for specific requirements.)

Number of Mounting Bolts - Use the minimum number of fasteners, consistent
with stress and vibration requirements, so that the crewmember's workload
is minimized.

(Refer to Paragraph 11.9.3.1, General Fastener Design Requirements, for
other fastener requirements.)
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I.  Shims, Washers - Where shims or washers are permitted in an |VA applica-
tion, the following rules shall be followed:

1. Shims shall be bound together in a shim assembly.

2. Shim assemblies shall be tethered or restrained at the location or point of
use and identified as to location or point of use.

3. Asimilar requirement shall be observed for washers and other loose items
which are auxiliary connector/fastener devices.

11.5.3.2 Alignment Devices Design Requirements
The following alignment methods for replaceable hardware shall be used:

a. Alignment Marks - If proper interface orientation is not obvious by virtue of
external geometry or if adequate visibility cannot be provided for hardware
that will be mounted on-orbit, the hardware desigh shall incorporate
alignment marks and/or orientation arrows.

1. Alignment marks shall be applied to both ma!in? parts and the mark:
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 size of the item.

Alignment marks shall be clearly visible to a crewmember performing!
hardware removalfreplacement.

gﬁdso see Paragraph 9.5.3.1.5, Alignment Marks/ Interface |dentification
esign Reguirements.)

in alignment of hardware during mounting, particutarly on modules that have
integrated connectors.

(Refer to Para%raphs 11.10.3.3, Structural Connectors Design Require-
ments, and 11.10.3.4, Optical Connectors Design Requirements, for connec-
tor alignment requirements.)

¢. Keying-Allreplaceable hardware shall be designed so thatitwill be physically
impossible to install it in the wrong orientation.

d. Replaceable Hardware |dentification - Replaceable hardware shall be iden-
tified with nomenclature that aids the crewmember in identifying the hardware
name, alignment of the hardware, and the correct use of attaching parts.

(Refer to Paragraph 9.5.3, Labeling and Coding Design Requirements, for
specific requirements.)

11.6.3 Handle and Grasp Area Design Requirements
11.6.3.1 General Handle and Grasp Area Design Requirements

a. Provide Handles - All removable or portable units shall be provided with
handles or other suitable means for grasping, tethering, handling, and carry-
ing.

b. Exempt ltems - Iltems less than 0.03 m3 (1 %) whose form factor (shape)
perrrtmi s them to be handled easily shall be exempt from the above require-
ment.

¢. Labeling of Nonhandling Areas - Built-in features that appear to be suitable
for grasping/tethering/ restraining and are not suitable must be labeled to
indicate that these features are not suitable for these purposes.

{Refer to Paragraph 9.5.3, Labefing and Coding Design Requirernents, for
specific requirements.)

' b. Alignment Devices - Guide pins or their equivalent shall be provided to assist
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11.6.3.2 Handle and Grasp Area Location Design Requirements
The following general location requirements ofhandles cr grasp areas shall apply:

a. !hterferenc_e - Handles and grasp areas shall be located so that they do not
interfere with equipment location or maintenance.

b. Clearance - Clearances shall be provided between handles and obstruc-
tions consistent with anthropometric requirements.

c. Tether Attachments - Handles and grasp areas shall be suitable as tether or
bracket attachment positions.

d. Location - The location of handles or grasp areas shall be such that they do
nof constitute passagewatg hindrances or safety hazards. If they must be

located in passageways they shall be recessed and designed to minimize
chance of crewmember injury ot inadvertent contact.

e. Location/Front Access - Handles and g[;ras areas shall be placed on the
accessible surface of an item consistent with the removal direction.

11.6.3.3 Nonfixed Handles Design Requirements

Hinged, foldout, or attachable {i.e., nonfixed) handles shall comply with the
following:

a. Locked or Use Position - Nonfixed handles shall have a stop position for
helding the handle perpendicular to the surface on which it is mounted.

b. One-Handed Operation - Nonfixed handles shall be capable of being placed
in the use position by ohe hand and shall be capable of being removed or
stowed with one hand.

c. Tactile or Visual Indicators - Attachable/removable handles shall incorporate
tactile and/or visual indication of locked/unioeked status.

11.6.3.4 Handle Dimensions Design Requirements

VA handles for movable or portable units shall be desi?ned in accordance with
the minimum applicable dimensions in Figure 11.6.3.4-T.

11.7.2.3 Personnel Restraints Design Requirements
11.7.2.3.1 General Personnel Restraints Design Requirements

All EVA and IVA personnel restraints (i.e., seat belts, shoulder harnesses, body
restraints, foot restraints, and sleep restraints) shall comply with the following
requirements:

ERefer to Paragraph 14.4.3.4, EVA Crew Restraint Design Requirements, for
VA-unique requirements.)

a. Comfort - Restraint forces shall be reasonably distributed over the body to

ptre\fené discomfort and shall not require conscious effort to remain con-
strained.

b. Allowable Comfort Time - Comfort of the [VA restraint system shall allow for
a four-hour uninterrupted use.

c. {Vlus_cular Tension - Restraint design shall minimize or eliminate muscular
ension.

d. Anthropometric Range - All personnet restraints shall accommodate the
specific population of users for whom the system is to be designed.
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Dimensinns in mm {in inchet)

IHustration Type of handly (Bare hand]
X z
D
Two-linger baz n 1] 15
u=-14 {2-172) 13
QOne-hand bar 48 311 75
R 0-781 (=38 @
X vy Twa-hand bar 43 215 16
A e 138 8172 3t
b
v A
< T-bar 38 100 75
D (1172} 14l 13l
X
<. ZL ¥
3
D
J-har 50 100 15
P 2 4 ]
¥
<UL
~-
0 | Two-finger recess 32 BS %
11=-114) (2-1/21 [k}
One-hant recess 50 110 90
Y7‘ {2 14—1/4) (3172}
> i
®
z Finper-tip recess 19 - 13
._/: o x st (121
f\ Ona-finger recess 32 - 50
b {1-1/4) 2
Curvsture of handla Weight of {1em Minimum diameter
or édge
(DOES NOT UptoB8ky lupto 15/s) D =8mm{1/4in]  Gripping efficiency is best
PRECLUDE At d0kg (151020 bs) D= t3mm {1/2in} if finger can curl around
USE QF OVAL 8.0t018kg(201w401bs} D~ 19mm{3/4in} handle or edge tuﬂmv angle
HANDLES) Creer 18 kg {over 40 (bs) D= 25mm (] 1ln) of 2/3 7 rad {120%} or more

T-bar post

T=13mm [1/2in}

Figure 11.6.3.4-1 Minimum IVA Handle Dimensions for IVA
Applications

MSIS 18

Microgravity Posture - Personnel restraints to be used in microgravity appli-
cations shall be designed for microgravity posture compatibility.

(Refer to Paragraph 3.3.4.3, Neutral Body Posture Data - Design Require-
ments, for specific anthropomelric requirements.)

Cleaning and Repair - The personnel restraint system shall be capable of
being cleaned and repaired on-orbit.
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11.7.2.3.2 Foot Restraint Design Requirements
11.7.2.3.2.1 General Foot Restraint Design Requirements
The following general requirerments apply to all fixed and portable foot restraints:

EERefer to Paragraph 14.4.3.4, EVA Crew Resiraint Design Requirements, for
VA-unigue foot restraint requirements.)

a. Range of Motion - All foot restraints shall maintain foot position fo allow the
crewmember a complete range of metion (roll, pitch, and yaw).

b. Comfort - Foot restraints shall provide comfortable support.

c. Interchangeability - Attachmentinterfaces faor foot restraints gportable-lo-port—
alble and fixed-to-fixed) shall be interchangeable throughout the space mod-
ule.

d. Positive Retention - The foot restraint shall be positive and firmly held the
user in the desired position.

e. Load Reaction - Foot restraints shall provide the capability to react to loads
applied by the crewmember.

f.  Abrasion Resistance - Reinforcements shall be provided for any fabric areas
exposed to high abrasion.

g. Ventilation - IVA foot restraints and covers shall allow ventilation to the feet.

h. Fixed Foot Restraints - The fixed foot resiraint shall be capable of being
removed for replacement/repair.

i. Portable Foot Restraints - The poriable foot restraint shall be capable of being
installed and removed easily and quickly without toals.

11.7.2.3.2.2 Foot Restraint Donning/Doffing Design Requirements
Foot restraints shall comply with the following donning and doffing requirements:

Refer to Paragraph 14.4.3.4, EVA Grew Restraint Design Requirements, for
VA-unigue foot restraint denning and doffing requirements.)

a. Donning - Foct restraints shall be attached or donned with minimum effort.

b. Quick Release - Rapid ingress/egress shall be inherent to all VA foot
restraints.

c. No-Hand Operation - The use of hands for placing/ removing the feot shall
not be required for foot restraint ingressfegress.

d. Handholds - Handholds or structure between waist and shoulder shail be
available at all foot restraint Jocations to aid foot restraint ingress and egress.

giefe_r to Paragraph 8.9.3.1, Required IVA Mohbility Aid Integration Design
equirements,” for the specific requirements.)

e. Entrapment - All foot restraints shall minimize danger of entrapment. A
positive means of releasing the foot from the restraint shall be provided.

11.7.2.3.2.3 Foot Restraint Loads Design Requirements
IVA resiraints must meet the following load requirements:

(Referto Paragraph 14.4.3.4, EVA Crew Restraint Design Requirements, for EVA
restraint loads.)
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a. Tension Loads - Foot restraints shall be designed to withstand a tension load

b. Torsion Loads - The restrainis shall withstand a torsion load of 200 Nm (150

c. Factor of Safety - The yield factor of safety shall be 1.10 and ultimate factor

NASA-STD-300/VOL.III

of 445 N (100 Ibf) as a minimum (see Figure 11.7.2.3.2.3-1.)

ft-Ib) as a minimum with the torsion vector normai to the fieor. (See Figure
11.723231)

of safety shall be 2.00.

445N (100 bl
\ KLJ:P\
200 Nm
\ ‘ (150 )
Floor

.
FREFFI FEIEBREREES |

Figure 11.7.2.3.2.3-1 IVA Foot Restraint Load Limits
M8IS 19

11.7.2.3.2.4 Foot Restraint Durability and Color Design Requirements

le?Ie durability and color of VA and EVA foot restraints shall comply with the
ollowing:

a. Durability - Finish shall be durable, smooth, and scratch resistant to prevent
undue wear on footwear.

b. Color - Color for all foot restraints of a given type shall have a contrast ratio
of approximately 10:1 or greater with the background.

11.7.2.3.3 Body Restraint Design Requirements
11.7.2.3.3.1 Body Restraint Donning/Doffing Design Requirements

The following crewmember body restraint donning and doffing requirements shall
apply to all tether attachments, seat belts, and shoulder hamesses:

a. Latching Mechanisms - The latching mechanism attachment will require a
positive action by the crewmember to both lateh and unlatch the mechanism.

b. One-Handed Operation - The latching mechanism shall have the capability
of being latched and unlaiched with ohe hand.
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11.7.2.3.3.2 Body Restraint Loads Design Requirements

The following load requirements shall apply to seat belts, shoulder harnesses,
and IVA tethers:

Refer to Paragraph 14.4.3.4, EVA Crew Restraint Design Requirements, for
VA-unique body restraint load requirements.)

a. Seat Belts and Shoulder Harnesses - IVA seat belts and shoulder harnesses
installed at stations designated as occupied during launch and fanding shail
be designed so the occupant making prol}?_er use of the equipment will not

i

suffer serious injury when the following ultimate inertia forces acting sepa-
rately are imposed on the crewmember:

1. Downward (Eyeballs Up):. 2.0 -Gz

2. Backward {Eyeballs Out}. 9.0 -Gx

3. Sideward : 1.5 +/ Gy

4, Upward (Eyebalis Down); 4.5 +Gz , or any lesser force that will not be
exceeded when the Janding loads resulting from impact with an ultimate
descent velocity of five fi/sec at design landing weight.

(Refer to Paragraph 5.3.3.1, Linear Acceleration Design Requirements for
acceleration coordinate system and requirements.)

b. Tether Attachments - IVA tether attachments shall be capable of sustainin
aload of 756 N (170 Ibs) along the longitudinal axis. They shall be designe
so as to preclude any side loading.

c. Aftach Points for Tether Attachment - IVA translation and mobility handhoid
tether attachment aftach points shall be designed to a minimum ulfimate load
of 1113 N (250 Ibs) in any direction.

11.7.2.3.3.3 Body Restraint Finish and Color Design Requirements

Markings, labeling, and colors shall be in accordance with Paragraph 9.5.

11.7.2.3.3.4 Body Restraint Dimensional Design Requirements

The following dimensional requirements shall apply to all seat belts, shoulder
harnesses, and tethers:

ERefer to Paragraph 14.4.3.4, EVA Crew Restraint Design Requirements, for
VA-unique restraint dimensional requirements.}

a. Commonality - Seat belts, shoulder restraints, waist restraints, and tether
attachments shall be uniform in size, shape, and method of operation within
the limits of task performance and ofher esign tradeoffs.

b. Size - Task requirements for which the attachment is designed shall dictate
the actual size of the hooking and latch mechanism.

11.7.2.3.4 Sleep Restraints Design Requirements
Sleep restraint design shall meet the following requirements:

a. Extremity Restraint - Sleep restraints shall include provisions to prevent leg
and arm float and prevent the head from moving during sleep.

b. Trapped Air - Sleep restraint design shall eliminate excessive or unevenly
distributed trapped air.

c. Individual Sleep Restraints - One sleep restraint shall be provided for each
crewmember.
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d. Stowage, Transport, Cleanability - Sleep restraints shall be easily stowable,
transportable, and cleanable on-orbit.

e. Features - A sleep restraint shall incorporate the following features:
1. Adjustable, flexible restraint straps.
2. Arm slits.
3. Adjustable, removable pillows/head-sirap.
4. Adjustable thermal protection,

f. O eningt;ICIosing - A sleeping bag opening/closing device that extends the
full length of the bag shall be provided.

g. Torso Resiraint - Torse restraining straps shall be provided to alfow the
crewmembers to restrain themselves in their choice of sleeping position |

h. Opening/Closing - The opening/closing device shall be capable of easy
use, including quick opening in case of emergency.

i. Opening/Clesing Device Replacement - The opening/ closing device
shall be easily replaceable.

11.7.3.3 Equipment Restraint Design Requirements

Ali IYA and EVA equipment restraints shall be designed to the following require-
ments:

a. Hand Operated :

1. Eguipment restraints shall be designed such that tools are not required to
aftach or detach the restraint.

2. Equipment restraints shall be designed such that they can be attached/de-
tached by either the left or right hand.

b. Blind Operation - The equipment restraints shall be designed such that they
can be attached/detached without having to lock at them.

¢. Adjustability - Provide the capability to adjust the restraint to adapt to a wide
range of sizes of the items to be restrained and to provide the user with the
capability to restrain the itemn at a preferred Jocation refative to the restraint
attachment points. This does not preclude fixed- length tethers used for
specific applications.

d. Positive Restraint - The restraint shaill secure the item in such a way that the
item will not come lcose due to inadvertent touching, air currents, vehicle
dynamic moticns, or due to other predictable environmentat conditions.

e. Cause No Damage - The equipment restraint shall be designed such that it
cannot pinch, abrade, or cut the item to be restrained orf the interfacing
surfaces and adjacent hardware.

f.  No Adhesive Residue - Adhesive equipment restraints shall not leave an
adhesive residue on the item or on the spacecraft surface when the adhesive
restraint is defached.

g. Tethers:

1. Common attachment method - All equipment tethers shall use a common
attachment method.

2. Tether attachment points - All equipment items that require tethering shal
have a standardized tether hook receptacle asan integral part of the item.
This standardized receptacle shall also be provided on the interfacing
surface to which the item is to be secured.
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3. Tether lock status indication - The tether hook shall be designed in such
a wa¥ that it will be easy to recognize when the hook is locked/uniocked
in both day and night lighting conditions.

Loads -

1. Minimum load - The minimum desigin load shall be based on the expected
crew-imposed and envirenmental Joads to be applied to the item in the
normat operating conditions.

2. Maximum load - The maximum design load shall be based on the resultant
load imposed by a crewmember atiempting to dislodge a restrained item
that has become entrapped in adjacent hardware.  The stress of this
activity should not exceed the design load of the surface to which the
restraint is attached or the design 1oad of the entrap[Jing hardware (i.e.,
the restraint should break before the item, attachment surface, of entrap-
ping hardware breaks).

(Refer to Paragraph 4.9.3, Strength Design Reguirements, for definition
of maximum crew imposed loads.

Color - Equipment restraints shall be of a standardized color to distinguish
them from ather types of loose equipment or items that will be restrained,

(R_tefqrt()) Paragraph 9.5.3.2, Coding Design Requirements, for color selection
Ccrieria.

Grounding :

(Refer to Paragraph 6.4.3, Electrical Hazards Design Requirements, for
specific requirements.)

Cammonality - Provide commanality of design for equipment restraints to the
maximum extent possible.

Individual Restraints
1. Individual restraints shall be designed to restrain one hardware item only.

2. Individual restraints shall be used when the restrained item is large in size,
sensmt{ye, or delicate or when attachments are difficult or complex in
operatian

. Group Restraints :

1. Group restraints shall be used to restrain like-sized items wherever
possible.

2. Gtrotip restraints shall provide a system that aliows the remaoval of cne item
ata time,

Throw-Away Restraints - Any restraint device that is utiiized during vehicle
launch, and upon activation or usage removai is discarded, shall meet the
foilowing requirements:

1. Large throw-away restrainis shall be designed to be torn apart or be of
soft, crushable materials to accommodate the openings of onboard trash
collection/disposal systems.

2. The throw-away restraints shall be color coded as a throw -away item.

{Refer to Paragraph 9.53.2, Coding Design Requirements, for specific
requirements.)

Velcro - When Velcro is used as a restraint, the jtem to be restrained will be
equipped with hook-type Velcro and the restraining surface will be equipped
with pile-type Velcro.
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11.8.2.2 Handhold and Handrail Design Requirements

11.8.2.2.1 Handhold and Handrail Dimensions Design Requirements

All handholds and handrails shall adhere to the following cross-section design
reguirements:

a.

Standardization - Cross-sectional dimensions of handholds and handrails
shall be standardized throughout the space module to provide a uniform
interface for mounting items such as brackets and tether hooks.

Cross-Section Shape - Handholds and handrails cross-section shape shall
he designed such that the crewmember’s hand or attached brackets will be
stabilized (i.e., circular cross-section shall not be used).

VA Handhold Minimum Dimensions - All IVA handholds shall have a mini-
mumof1d4cm (5.5 in.)r%rip {ength and a minimum of 3.8 cm (1.5in.) clearance
between the lower surface of the hand ri{a and the surface on which it i
mounted. (Reference Figure 11.8.2.2.1-1.}

kRefer to Paragraph 11.8.2.2.3, Handhold and Handrail Texture Design
equirements, for other shape requirements.)

#Refer to Paragraph 14.5.3.2, EVA Mobility Aids Design Requirements,
or EVA-unigue handheld/handrail dimensions.)

38 mm
{d5in)
omm
0.75in} min 28 mm
15 in) min
H“omm MSIS 23

{55 in}
]// min grip length

Figure 11.8.2.2.1-1 Example IVA Handhold Config-
uration Used In Previous U.S. Space Modules

11.8.2.2.2 Handhold and Handrail Coding Design Requirements

Handhol!ds and handrail coding shall be such that the crew may locate them with

ease:

a. Standard Color - The color of ali handholds/ handrails shall be standardized
within the space vehicle.

b. Contrast Ratio - The color value shall have a contrast ratio of 3:1 or greater
with the background.

¢. Distinguishing Color - The handheld/handrail shall be distinguishable from

the surrounding area.

(Refer to Paragraph 9.5,3, Labeling and Coding Design Requirements, for
other general and specific color coding requirements.)
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11.8.2.2.3 Handhold and Handrail Finish Design Requirements

Handheld and handrail texture shall be such that the crew may locate them by
feel and grasp them with ease:

a, [dentical Finish - The finish of all handholds/ handrails shall be identical to
enhance identification.

b. Safety - Handholds and handrails shall have a smooth surface with no burrs,
sharp edges, or protrusions.

(Refer to Paragraph 6.3.3, Mechanical Hazards Design Requirements, for
other applicable requirements.}

¢. DBurability - The finish of all handholds and handrails shall be resistant to
scratches, wear, flaking, and pealing.

11.8.2.2.4 Handhold and Handrail Design Loads Design Requirements

All fixed and portable IVA handholds and handrails shall be designed to a
minimum ultimate load of 1113 N (250 Ibs) applied in any direction without failure
or damage that precludes full utilization by crewmembers.

(Refer to Paragraph 14.5.3.2, EVA Mohility Aid Design Requirements, for EVA-
unigue handhold/nandrail design load requlrements.?

11.8.2.2.5 Handhold and Handrail Temperature Design Requirements

Refer to Paragraph 6.5.3, Surface Touch Temperature Design Requirements,
r VA handhold and handrail surface temperature design requirements.)

(Refer to Paragraph 14.5.3.2, EVA Mobility Aid Design Requirements, for EVA-
unigue handhold and handrail surface temperature design requirements.)

11.8.2.2.6 Handhold and Handrail Mounting Design Requirements

a. Stability - All fixed and portable handholds and handraiis shall be designed
so that when installed there is no instability (i.e., lcoseness, vibration, or
slippage).

h. Portable Handhald and Handrail Lock Status Indication - Portable handhold
and,lr}andrails shall provide a positive indication of when they are in the locked
position.

¢. Visibility and AccessibilitY - Handholds and handrails shall be mounted so
that they are clearly visible and accessible.

(Refer to Paragraph 8.2.3.1, IVA Mobility Aid Locations - Design Require-
ments, for specific requirements.)

kRefe.r to Paragraph 11.8.2.2.2, Handhold and Handrail Coding Design
equirements, far color coding requirements.)

d. Handhold Removal - Fixed handholds shall be removable with common tools.

e. Safety - Handrails and associated mounting provisions shall be designed so
asbtlo reclude snagging of body, clothing, andfor loose equipment {(e.q.,
cables).
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11.8.3.2 Equipment Mobility Aid Design Requirements

(Refer to Paragraph 11.6.3, Handle and Grasp Area Design Requirements, for
interface requirements.)

{Refer to Paragraph 11.7.3.3, Equipment Restraint Design Requirements, for
interface requirements.)

fRefer to Paragraph 14.5.3.6, EVA Equipment Transfer Design Requirements,
or EVA unique requirements.}

a.

d.

Maximum Movable Equipment Size - Equipment size shall be limited to the
dimensions and configuration of the smallest hatch or opening through which
the equipment must pass.

Access - Design shall provide adequate area arcund the mass for manipula-
tion and visibility.

Containers for Small ltems - Containers shall be provided for simultane
ous transfer of small equipment items.

1. Single items shall be individually removable

2. The container shall be easily attached to the crewmember and space
module at the worksite,

Bump Protection - Bump protection shall be provided. Bump protectors!
shall be designed so they can be used as mobility aids.

11.9.3 Fastener Design Requirements

11.9.3.1 General Fastener Design Requirements

a.

Commanality - The number and diversity of fasteners shall be minimized
commensurtate with the structural requirements imposed by the physical
environments.

EasiI%Distinﬁuishame -Where different types of fasteners must be used, they
shall’be such that they are readily distinguishable from each other.

Hand-Actuated Fasteners Preferred - Hand-actuated fasteners shall be given

preference over tool-actuated fasteners, provided that size, location, and
structural constraints are met.

(Refer to Paragraph 11.9.3.2, Hand-Actuated Fastener Design Require-
ments, for specific requirements.)

ERefertq Paragraph 11.9.3.3, Tool-Actuated Fastener Design Requirements,
or specific requirements.)

Cther Devices In Lieu of Fasteners - Optimum use shall be made of mechani-
cal devices {e.g., hinges and tongue-and-slot catches) to minimize the
number of fasteners.

Captive Fasteners - All fastener components intended for crew interaction
shall be captive. All replaceable fasteners shall be amenable to loose parts
control and a means of fastener containment and/or restraint shall be incor-
porated in the fastener removal/replacement system.

Accessibility :

EReferto Paragraph 11.2.3.6, Tool Access Design Requirements, for specific
ool clearance dimensions.)

1. Location Near Corners - Fasteners shall be located far enough away from
in_tt?]mal corners, wall edges, flanges, etc., that they can be manipulated
with ease.
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2. Separation - Fasteners shall be located far encugh apart so there is
adequate hand or tool clearance.

3. Location Near Adjacent Equipment - Ifa component is to be mounted near
other pieces of equipment, fasteners shall be located away from the ed?es
ofthe adjacent equipment, ebstructions, or surfaces that will prevent the
attachment of tools.

4, Direct Access - Locate fasteners so that they can be actuated without
removing other parts or units first.

5. Access Holes - Covers or shields through which mounting fasteners must
pass for attachment to the basic chassis of the unit shall have large
enough holes for passage of the fastener without precise alignment (and
tool/hand if tool/hand is required to replace).

One Handed Actuation - All fasteners shall be designed to be actuated by
one hand.

Engagement Status Indication - Incorrect engagement of fasteners shall be
apparent.

Multiple Fasteners :
1. Number of Fasteners - When several fasteners are required, the design
?yha“ use the minimum number of the largest size fasteners of identical
pe.

2. Arrangement - When several fasteners are used on one item, they shall
be arranged so that the unit can be assembled in only the correct
manner.

Safety - Fasteners shall be designed so as to preclude injury to the crewmem-
ber when the fastener is releasad.

Labelin% - Appropriate markin?s shall be placed on fasteners that can be
actuated by either hand or tool .

(Referto Paragraph 9.5, Labelingand Coding, for specific considerations and
requirements.?

Replacement - All fasteners shall be de- signed for en-orbit replacement.

{Refer to Paragraph 11.2.3.2 d., Fastener Tools, for specific requirements.)

11.9.3.2 Hand-Actuated Fastener Design Requirements

a.

One-Handed/Either-Hand Actuation - Hand-actuated fasteners shall be de-
signed to be actuated by one hand and by either the left or right hand.

Designed for Launch and On-Orbit - Fasteners shall be designed to meet the
launch loads as well as on-orbit loads.

Fastener Knobs - Fastener knots shall he textured.

(Refer to Paragraph 6.3.3, Mechanical Hazards Design Requirements, for
specific safety design requirements.)

Quick-Opening Fasteners - Quick-opening captive fasteners shall:

1. Require a maximum of one complete turn to operate (quarter-turn fasten-
ers are preferred).

2. Require only one hand to operate.

3. Be positive locking in open and closed position.
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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 acivation.

f.  Pin Fasteners (IVA):

1. Delsigned for launch anly - Pin fasteners shall be used for launch loads
only.

2. Locking devices - Locking devices used in conjunction with pin fasteners
shall bé made accessible and easily visible.

g. Over-Center Latches :

1. Non-self-latching - Over-center latches shall include a provision to prevent
undesired latch element realignment, interference, or reengagement.

2. Latch jock - Whenever ﬁossible, latch catches shall be spring loaded
to lock on contact, rather than using a positive locking device.
positive locking is necessary, provide a latch loop and locking action.

3. Latch handles - If the latch has a handle, locate the latch release on,
or hear the handle so it can be operated with one hand.

h. Safety Wire - Safety wires shall not be used on fasteners.
11.9.3.3 Tool-Actuated Fastener Design Requirements

(Refer to Paragraph 11.9.3.4, IVA Fastener Design Redquirements, for [VA-spe-
cific tool-actuated fastener requirements.)

;Refer to Paragraph 11.2.3, Tool Design Requirements, for specific requirements
or the tools to'be used to actuate the tool-actuated fasteners.)

a. Nonstandard Tools - Fastenersrequiring nonstandard tools shall not be used.

b. High-Tarque 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 requmn% more than 14 Nm (10 ft-lbs) of

torque. Internal wrenching fasteners shall be Allen-head-type fasteners.

c. Low-Torgue Fasteners:

1. Hex-tyﬁe internal grip head, hex-t?(pe external grip head, or combination-
a

head (hex or straight-slot internal grip and hex-type external rip head)
faste_nedrs shail be used where less than 14 Nm (10 fi-Ib) of torque is
required.

2. Internal-grip head fasteners shall be provided only where a straight or
convex smooth surface is required.

3. No straight-slot or Phillips-type internal grip fasteners shall be used.

d. Precision Torquing -VWhen possible, design equipment so that precise torque
on fasteners is nof required. Where precise torque or preload is required, use
fasteners that incorporate torque-indicating features or that will mate with
appropriate on-board torquing tools.

e. Torque Labeling - When fastener terquing to Sf:eciﬂr:.atigns is required, an
instructional label shall be provided in reasonable proximity to the fasteners.

(Refer to Paragraph 9.5, Labeling and Ceding, for specific requirements.)

f. Number of Turns - When machine screws or bolts are required, the number

of furns and the amount of torque shall be no more than necessary to provide
the required sfrength.
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Fastener Head Length (VA Only) - Fastener heads shall be as short as
possible so they will not shag personnetl clothing or equipment.

Left-Hand Threads - Left-hand threads shall nof be used unless system
requirements demand them; then identify bath the bolts and nuts clearly by
use of markings, shape, color, etc.

Locking - Threaded fasteners shali incorporate features that allow them to be
locked so that they will not unthread without using a tool.

Hand Tool Operable - All fasteners installed with power tocls shall be
removable with a hand-operated toel.

11.9.3.4 IVA Fastener Design Requirements

Fastener Lubrication - IVA fasteners that require lubrication shall use an
approved lubricant or plating material.

Cadmium Plating - Cadmium-plated IVA fasteners shall not be used.

Wing-Head Fasteners - Wing-head IVA fasteners shall fold down and be
retalned ﬂtush with surfaces so they will not snag personnel, clothing, or
equipment.

Cofter Keys :

1. Fit - Keys and pins shall fit snugly without requiring being driven in or out
using a'tool.

2. kargde heads - Cotter keys shall have large heads for easy removal by
and.

3. Cotter keys shali not be used EVA.

Access - Minimal requirements for access and/or clearance areas for tool-ac-
tuated fasteners shall be as shown in Figures 11.2.3.6-1 and -2.

(Refer to Paragraph 11.2.3.6, Tool Access Design Requirements, for specific
access requirements.)

Tool-Actuated Fastener Head Types - In addition to the general tool-actuated
fastener design requirements given in Paragraph 11.9.3.3, the following
IVA-specific tool- actuated fastener selection requirements shall apply:
(NOTE: Special mission or prot{;gam requirements may create the need to use
other types of fastener heads than those listed below.)

1. Fastener heads directly exposed to crew impact shall meet the require-
ments for burrs, edges, and sharp corners, or shall be provided with
protective covers or they shalt be flush with surface.

{Refer to Paragraph 6.3.3, Mechanical Hazards Design Requirements.)

2. Fastener heads not directly exposed to crew impact within habitability and
stowage areas shall be internai or external hex head.

Due to Potential toxicity/particulate contamination hazards associated with
the use of anti-sieze and pasitive locking compounds, designers should avoid
the need for the use of such chemicals, if at all possible.

11.10.3 Connector Design Requirements

a.

One-Handed Operation - All connectors, whether operated by hand or tool,
shall be designed so they can be mated/demated using one hand.

Accessibility - It shall be possible to mate/demate or replace individual
connectors without having to remove or replace other conneclors. Quick
Disconnects (QDs) that are designed to be operated under pressure will not
require pressure/flow indicators.

11-24




THe ABBOTT AEROSPACE

NASA-STD-300/VOL.III

11.10.3.1 Fluid Connectors Design Requirements

a.

Fluid Line Connectors - All brazed or welded gas and liquid lines shall be
provided with convenient-to-use, permanently installed connectors that per-
mit on-orbit maintenance.

kReferto Paragraph 12.3.1.4, Removal, Replacement and Modularity Design
equirements, for fluid and gas line isolation valve requirements.)

Indication of Pressure Flow - All liquid and f?as lines shall be provided with a
gositive indication ofthe gas pressure/fluid flowto verify thatthe line is passive

efore disconnection of connectors. Quick Disconnects {QDs) that are de-
is_tgned {o be operated under pressure will not require pressure/flow indica-
10Ns.

Fluid Loss - Liguid and gas connectors shall be designed to minimize escape
or Ios?_of fluids, particularly any toxic materials, during connect or disconnect
operations.

11.10.3.2 Electrical Connectors Design Requirements

a.

Ease of Disconnect - Electrical connector p[ugs shall require no more
than one turn to disconnect or some other quick disconnect design shall
be provided.

Self-Locking - Electrical connector plugs shall provide a self-locking
safety catch.

Access - Electrical connectors and cable installations shall be designed with
sufficient flexibility, length, and protection to permit disconnection and recon-
nection without damage to wiring or connectors.

(Refer to Paragraph 11.14.3, Cable Management Design Requirements, for
other related requirements.}

Arc Containment - Electrical connector plugs shail be designed to confine/fiso-
late the mate/demate electrical arcs or sparks.

(Refer to Paragraph 6.4.3, Electrical Hazards Design Requirements, for
specific electrical safety requirements.)

Contact Orientation - All efforis shall be made to arrange contacts within
connectors such that when the connectors are demated there will be no
voltage potential on exposed male pins.

11.10.3.3 Structural Connectors Design Requirements

a.

;fl\li nment Provisions - All structural connectors shall incorporate alignment
eatures.

g{efer to Paragraph 11.10.3.5, Connector Identification/Alignment Design
equirements, for specific requirements.)

Soft Latching - All structural connectors shall provide the capability to "soft-
latch” prior to full firm connection or full release.

|L°?(k Indication - All structural connectors will provide an indication of positive
ocking.

11.10.3.4 Optical Connectors Design Requirements

Al fiber optic conpectors shall be designed so that proper geometric alignment
and abutment maintains signal fidelity.

(Refer to Paragraph 11.10.3.5, Connector |dentification/Alignment Design Re-
quirements, for specific requirements.)
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11.10.3.6 Connector Identification/Alignment Design Requirements

a.

Connector Shape - Use connectors that are clearly different and physically
incompatible when lines differ in content {i.e., different vaoltages, liquids,
gases).

Alignment Provisions:

t. Mating connectors shall be provided with aligning pins or equivalent
devices to aid in alignment and to preclude inserting in other than the
disired orientation.

2. Ifaligning pins are used on electrical connectors, they shall extend beyand
the plug's electrical pins to ensure that alignment is obtained before the
electrical pins engage.

Keying:

1. Symmetrical arrangement of aligning pins or keys shall be avoided to
prevent connectors from being mismated.

&See Figure 11.10.4-2, Electrical Connector Keys and Keyways, and
igure 11.10.4-3, Arrangement of Guide Pins.}

2. The mechanical keys shalf prevent incorrect connection with other acces-
sible connectors, plugs, or receptacies.

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 items and shall be located so as to be easily seen by the
crewmember both before and after mating/demating operations.

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 visihble when connected or disconnected.

(Refer to Paragraph 9.5.3, Labeling and Caoding Design Requirements, for
specific requirements.)

Pin Identification - Each pin shall be clearly identified in each electrical plug
and each electrical receptacle.

Orientation - Grouped plugs and receptacles shall be oriented so that the
aligning pins or equivalent devices are in the same relative position {i.e., all
keyed connectors oriented the same direction - key up).

Loose Hoses or Cables:

1. If the connectors on the ends of a loose electrical cable or fluid hose are
not identical, each end shall be uniguely identified to prevent improper
usage.

2. The Igose 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 Connector Arrangement Design Requirements

a.

Hand Access - Connectors shall be spaced far enough apart so that they can
be grasped firmly for connecting and disconnecting.
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b. Adjacent Connectors or Obstructions - Space between a connector and any
adjacent obstruction shall be compatible with the size and shape ofthe plugs.

c. Single Rows - Connectors in & single row which require removal and replace-
ment 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 separafion of 41
[lm)-n (1.6 in.} is required for EVA and preferred for IVA. (See Figure 11.10.3.6-

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. Tools-Ifafoolis used, the hand access clearance is still required to facilitate
initial alignment by hand.

11.11.3 Window Design Requirements
This section provides the design requirements for the optical characteristics
visual protection, physical protection, and maintenance for the two types o
windows to be utiliized in Space Stalion Freedom. These requirement
apply to test conditions prior to launch,

(Refer to Paragraph 8.11.3, Window Integration Design Requirements, fo
window architecturai integrafion requirements.)

(Refer to Paragraph 9.2.5.1.2 Window Workstation Design Requirments, fo
additional .rec1uirements when the window will be used in conjunction with,
controls, displays, restraints, etc.)

11.11.3.1 General Viewing Window Requirements

11.11.3.1.1 Window Size

a. Hatch windows shall be a minimum of 20.3 cm (8 in) diameter.

b. General area windows shall be a minimum of 50.8 cm (20 in) in height and
width or diameter.

11.11.3.3 Visual Protection Design Requirements
a. Sun Shields/Shades :
1. Sun shields - All viewing windows shall be provided with crew-operated,
opague sun shields capable of restricting all sunlight from entering the
habitable compartments,

2. External sun shades repositioning - If external shades are designed o cast
a shadow over a window, they shall be provided with 2 means to be
remotely repositioned by the window user.

h. Radiation Protection :

1. Infrared - The maximum transmissivity of infrared shall be no more than
10% (density = 1) in the range of 800 to 1200 nm.

2. Uttraviolet - The maximum transmissivity of ultraviolet shall be no more
than 0.001% (density = 10E-5) in the range of 200 to 300 nm.

3. Heat rejection - The sun shade, whether internal or external, shall be
capable of rejecting radiant energy away from the window assembly.

(Refer to Paragraph 5.7.2.2, lonizing Radiation Design Requirements, for
specific ionizing radiation exposure limits).

?Refert_o Paragraph 5.7.3.2, Nonionizing Radiation Design Requirements,
or nenionizing radiation exposure requirements.)
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4. Window design shall be coordinated with other shielding protection design
to achieve less than, or equal to, the allowable radiation dosages givenin
these paragraphs.

Optical Filters - Optical filters shall be provided to meet visual protection
requirement if operational functions require light transmissivity in excess of
the requirements given in item b, above.

11.11.3.4 Physical Protection Design Requirements

a.

External Surface Contaminaticn Protection - Window design shall take into
account all sources of external contamination and shall mede means for
cleaning or replacing when degradation exceeds optical transmissivity re-
quirements.

Between-Pane Contamination Protection - Window design shall take inta
account all sources of contamination that can occyr between the transpar-
ency panes and shall provide a means for preventing or minimizing optical
degradation due to these contaminants.

Internal Surface Contamination Protection - Window design shall take into
account all sources of internal surface contamination and provide means for
preventing or minimizing optical degradation due o 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 innermost pane shall have no coatings except
for antireflective coatings.

Impact Load Protection - The window assembly shall be capable ofwithstand-
ing & blunt object impact load of 550 N (125 IB) from any angle of incidence.

Protective Covers - Removable or retractable protective covers shall be
provided where the window assembly does not meet crew and equipment
impact load criteria or the launch and reentry pressure profiles.

Retractable External Protective Covers - If external protective covers are
opaque, then IVA controls shall be provided with a backup EVA capability to
override the VA system.

11.11.3.5 Window Maintenance Design Requirements

a.

Window Servicing - Equipment and supplies shall be provided for efficient
contingency window cleaning.

Protective Covers - Where sutface scratchinP, pitting, or staining cannot be
prevented by other means, provide removable window protective surfaces.

Window Replacement - Window assemblies shall be designed to eliminate
the need for depressurizing modules in order to replace window panes or the
entire window assembly.

(Refer to Paragraph 12.0, Design for Maintainability, for general and specific
maintainability design censiderations and requ:rements.t);

11.12.3 Packaging Design Requirements

a.

Compatible With Stowage - All packaging must conform to the stowage space
available.

(Refer to Paragraph 10.12.3, Stowage Facility Design Requirements, for
specific requirements.)

Compatible With Environments - All packaging must be able to resist physical
environment exposure to which it wili be exposed during greund handling,
groun?_ and alir transportation and launch, on-orbit and (if returnable) entry
operations.
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¢. Compatible With Contents - All packaging must be able to resist the Rh sical
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
he compatible with the trash collection and disposal system.

{Refer to Paragraph 10.11.3, Trash Management Facility Design Require-
ments, for specific requirements.)

e. Packaging Restraint - Provide means for physically attaching or restraining
the package at all lacations where the package may have to be temporartly
placed during use.

f. Labeling - All packages shall be clearly labeled as to their contents.

(Refer to Paragraph 9.5,3.1.9, Stowage Container Labeling Design Require-
ments, for specific labeling requirements.)

g. Inventory Control Compatibility - All packages shall be designed to
incorporate the coding features required by the inventory control system.

(Refer to Paragraph 13.3.3, Inventory Control Design Requirements, fo
specific requirements.)

h. EaseoflUse:

1. All packaging shall be designed to be usable without extensive manipula-
tion of the packaging materials.

2. All packaging shall be designed to provide efficient and convenient means
of opening and where necessary, closing/tesealing the package.

i.  Sizing - All packages shall be sized to be optimally suited for ease of hahdling
and rate of consumption.

j. Hazards:

1. Packaging that incorporates pull-tabs, lids, and other easy opening fea-
tures shall be designed such that the crewmember will not be injured
during normal use of the feature.

(Refer to Paragraph 6.3.3, Mechanical Design Requirements, for specific
safety requirements.)

2. Pﬁckaging materials shall not introduce contaminants into the atmos-
phere.

{Refer to Paragraph 5.1.3, Atmosphere Design Requirements, for specific
contamination requirements.)

k. Loose Packaging Materials - Loose, void-filing materials shall not be used
within a package.

I.  Mobility Aids - Provide interfaces on the package for the attachment of
equipment mobility aids if necessary for the application.

;Referto Paragraph 11.8.3, Equipment Mobility Aids Design Reguirements,
or specific requirements.}

11.13.1.3 Clothing Design Requirements
11.13.1.3.1 General Clothing Design Requirements

(NOTE: In this paragraph, the word "garments" is used fo include outerwear,
underwear, footwear, gloves, and headwear )
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Suitable for the Environment ;

1. Garments shall be provided to protect the user from the full range of
anticipated working and off duty environments in the space module.

2. Garments to be used in microgravity or tpartial gravity shall incorporate
features that make the garment suitable for use in these environments.

Comfort and Freedom of Movement - Wearing comfort and freedom of
movem?nt shall be emphasized in the design and materials selection of
garments.

Wearer Effects - The effects from the wearer's body heat generation, skin
and hair flaking and loss, and perspiration shall be considered in the design
of the of the garments and selection of materials.

Materials and Fabrics - Garment materials shall be selected taking into
account the following factors: similarity to Earth garments, ﬂammabilitP(,
comfort, chemical stability, moisture absorption, water compatibility, tensile
strength, abrasion resistance, flexural endurance, wrinkle/shape recovery
cleaning com‘:)atsblllty, electrostatic performance, crease resistance, an
freedom from linting.

Sizing - The range of sizes available shall be sufficient to provide adequate
fit and comfort for the crewmember population without resorting to personal-
ized, custom-fitted garments.

{(NOTE: Microgravity or partial gravity anthropometric changes must be
accommodated%

Exclusive Use - All crewmembers shall be previded with garments for their
exclusive use.

Unassisted Donning/Doffing - All garments shall be capable of being
donned/doffed by a crewmember unassisted in normal and emergency
situations and oPeratlonal envirenments iEmergencg mode denning/doffing
should preferably use the normal mode closures and fasteners).

Off-the-Shelf Garments - Off-the-shelf, commercially available garments shall
be used if possible.

Personal Preferences - Provide garment options that allow crewmembers to
select various styles, combinations of garments, different colors and different
pocket styles and cuffs.

Aesthetics - Garment esthetics and overall appearance shall he a very
important design factor.

Quterwear Hazards - All outerwear garments shall be free of loops, straps,
and other obstructions that can snag on equipment.

Inner Surface Hazards - All inner surfaces of garments shall be free of items
which can impede free movement, scratch or chafe the wearer.

(Refer to Paragraph 6.3.3, Mechanical Hazards Design Requirements, for
specific requirements.}

11.13.1.3.2 Clothing Packaging and Storage Design Requirements

All IVA garments (outerwear, innerwear, footwear, gloves, and headwear) shall
be designed to provide the following packaging and storage requirements:

Refer to Paragraph 11.12, Packaging, and Paragraph 10.12, Stowage Facility,
r other requirements.)

Identification/Removal from Stowage - Garment packaging and stowage for

delivery to orbit shall be designed to make it easy to identify the type and size
of garment and to remove the garment from packaging.
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b. Preserve Garment Appearance - Stowage and packaging of clean garments
must be designed to preserve the garment appearance.

¢. Soiled Garment Storage - Temporary stowage for soiled garments shall be
provided.

d. Restowage On-Orbit - Garment stowage shall be designed to provide easy
restorage of garments on-orbit.

e. Overnight Stowage - A closet-type stowa%e area for stowin dgarments
overnight without having to fold or package them shall be provided.

11.13.2.3 Personal Ancillary Equipment Design Requirements

Where eyeglasses or sunglasses are a crew medical necessity, they shall be
made of non-shattarable material.

All eyeglasses and sunglasses shall be equipped with straps or appropriate
devices to assure positive retention on the user.

11.14.3 Cable Management Design Requirements
#. Routing - Cables shall be routed so that they:
1. Cannot be pinched by doors, lids, or slides.

2. Wil ?ot be used as a translation device in in a microgravity environ-
ment.

3. Wil not be bent sharply when connected or disconnected.
4. Are accessible to the crewmember.

. Do notinfringe into the operational envelope nor constitute a safety hazard
{i.e., sagging, hooking, etc.).

b. Cable Clamps - Long conductors, bundles, or cables, shall be secured by
means of clamps unlessthey are contained in wiring ducts or cable retractors.

c. Identification - Cables shall be labeled to indicate the equipment to which they
helong and the connectors with which they mate. All replaceable wires and
cables shall be unigquely identified with distinct number or color codes in
accotrdance with Paragraph 8.5.3, Labeling and Coding Design Require-
ments.

d. Location of Test, Experiment, or Other Cables - If it is essential that test,

experiment, or other cables terminate on control or display panel junction

boxes or a crewmember, the receptacles and cable routing shall be designed

guch that the cables will not interfere with controls, displays, or the crewmem-
ers.

e. Coding - Cables containing individually insulated conductors with a common
sheath shall be coded.

f.  Protection - Guards or other protection shall be provided for e_asil){ damaged
conductors such as waveguides, high-frequency cables, or insulated high-
voltage cables.

g. Retention - The ends of cables which will be disconnected frequently shall
have retention provisions.
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12.3 DESIGN FOR MAINTAINABILITY DESIGN REQUIREMENTS

12.3.1 Equipment Design Requirements

12.3.1.1 General Maintainability Desigh Requirements

a.

Growth and Update - Facilities, gquiﬁment, and software design shall allow
reconfiguration and growth during the mission.

Independence - Systems and subsystems shall be as functionally, me-
chanically, electrically, and electronically independent as practical to facili-
tate maintenance.

Maintenance Suppert Services - Maintenance support services ( eg.,
electrical outlets) shall be accessible at potential problem locations or afa
designated maintenance location.

Reliability - Equipment design shall reduce to a minimum the incidence of
preventive and corrective maintenance.

Simplicity - Equipment design shaill minimize maintenance complexity.

Time Requirements - Equipment design shall minimize the time require-
ments for maintenance.

Equipment - Maintenance equipmentand tools shall be kept to a minimum.

Hazardous Conditions - System design shall preclude the introduction of;
hazardous conditions during maintenance procedures.

Critical Operatigns - Critical systems shall be capable of undergoing
ma]n%enar&ce without the interruption of critical services and shall be
maintained,

Non-Critical Operations - Non-critical systems shall be designed to oper
ate in degraded modes while awaiting maintenance. Degraded mode
operation shall not cause additicnal damage to the system or aggravate
the original fault.

Redundancy Loss - Notification of loss of operational redundancy shall be
provided immediately to the crew.

Connectors - Quick-disconnect connectors shall be used.

{Referto Paragraph 11.10.3, Connector Design Requirements, for specific
requnrementssl

. Plug-In Installation - Plug-in type hardware installation and mounting

techniques shall be employed.

{Refer to Paragraph 11.5.3, Mounting Hardware Design Requirements, for
specific requirements.)

Quick Release Fasteners - Quick release fasteners shall be used where
consistent with other requirements {e.g., strength, sealing).

(Refer to Paragraph 11.9.3, Fastener Design Requirements, for specific
requirements.)

Replacement Capabilities - Capacity of replaceable or reserviceable items
(filters, screens, desiccant units, battery power supplies, etc.) shall be
higher than the minimum functional requirements of the system.

Automation - Fault isolation, inspection, and checkout tasks shall be
automated fo the extent practical.

Restraints - Personnel and equipment mobility aids and restraints shall be
provided to support maintenance.
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(Referto Paragra Fh 11.7.2.3, Personnel Restraints Design Requirements,
and Paragraph 11.7.3.3, Equipment Restraints Design Requirements, for
specific requirements.)

Specia! Skills - Maintenance requiring special skills shall be minimized,
EVA - Maintenance requiring EVA shall be minimized.

Soldering, Welding, and Brazing - Soldering, welding, brazing, and simitar
operations during maintenance shall be minimized.

12.3.1.2 Physical Accessibility Design Requirements

a.

Relative Accessibility - ltems most critical to system operation and which
require rapid maintenance shall be most accessible. When relative criti-
cality Isbrgot a factor, items requiring most frequent access shalt be most
accessible.

Access Dimensions - The minimum sizes for access openings for two
hands, ane hand, and fingers are shown in Figure 12.3.1.2-1.

Access - Access to inspect or replace an item (e.g., an ORU) shall not
require removat of more than one access cover.

gRefer to Paragraph 11.4.3, Closures and Covers Design Requirements,
or specific requirements.)

Mounted Components - When feasible, components shall be ne more than
one deep in a bay of rack.

{Refer to Paragraph 11.5.3.1, General Mounting Design Requirements, for
specific requirements)

Environmental Control and Life Support Systems (ECLS) - Subsystem
equipment supporting ECLS for safe [VA environment shall be accessibe,
removabie, and repaitable by an EVA suited crewmember.

Shape - Accesses shall be designed to the shape that will enable the
cgewmember ta do histher job and not be limited only to conventional
shapes.

Number of Accesses - Whenever possible, one large access shall be
provided rather than a number of small ones.

Protective Edges - Protective edges or fillets shali be provided onaccesses
that might injure crewmembers or their equipment.

(Refter)to Paragraph 6.3.3, Mechanical Hazards, for specific require-
ments.

Damage Inspection and Repair - Where feasible, the design of structures
and equnﬁment, 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.

gRefer to Paragraph 11.4.3, Closures and Covers Design Requirements,
or specific equipment accessibility requirements.)

Use of Tools and Test Equipment - Check points, adjustment points, test
points, cables, connectors, and labels shall be accessible and visible
during maintenance.

Sufficient space shall be provided for the use of test equipment and ather
required tools without difficulty or hazard.

(Refer to Paragraph 11.2.3, Tool Design Requirements, for specific re-
quirements.}
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Minimal Two-Hand Access Openings Without Visual Access

Reaching with both hands to dopth el 150mm (6.0 In}lo
40 mm (13.2510)

It elothi Width: 200mm{B.0in Jerthe
ko " depthol £aaeh )
Helght: 125mm{5.00n.}

Reaching fulf arm's tergth {lo shaukders) with both artra Hight elething)

With: S00.mm{19.5ia)
Height: 125 mm {5 0in)

Inssrting box grasped by handles on tha front:

13mm (0.5 in) clearanca around box, assuming adequate
cearance aipund handles

insarting box with handa on the aldes:

Light clothing: Width: Box plus 115 mm (4.5 In)
1 Height: 125mm 5.0in)or 13 mm
{0.57r) around box

* Whichevat is larger
$ Thands eul aound botiom, afow an extra3gmm (1.6 1)

1

far fight clothing
Minimal One-Hand Access Openings Without Visual Access
Height Wit
Empty hand, to wrist:

Bare hand, rofed 85mm {3.75 njsqordia
Bare hand, Tlat 55 mm (2.26 ) x 190w {4 [}

]
al =
or lCmm {4 in)dia —
Clunched hand, fo wrist; %Q:
Bare hang: 85 mm (3.75 inj x 128 mm (5.01n)
or 125 mm (5.0 mydia e =
Arm to aibaw: ‘W
Lightektaing: 100 mm (4.0} x 115 mm (4.5in} v
Arm (o shoukder: w
Lightclething: 125 mm (5.0 in) 4q ordin
Minimal Finger Access to First Joint
Puch butionpcosss: Bara hand: 32 mm din (1.26 in) g@
Thermal goved hand: 38 mendaa (1.51n) vh o
Twolingertwislacoess:  Bara hand: obictpus 50 mm (3.87 1) m

Thermal gloved hand:  object plus 65 me (2.5 In)

Figure 12.3.1.2-1 Minimum Sizes for Access Openings for Two

Hands, One Hand, and Fingers
MSIS 297
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k. Service Points for Fluid Systems - Service paints for filling, draining, and
purging or bleeding shall be in accessible locations.

(Refer to Paragraph 11.10.3.1, Fluid and Gas Connectors Design Require-
ments, for specific requirements.)

. Plug Connectors - Full access shall be provided to plug connectors.

(Refer to Paragraph 11.10.3, Connecter Design Requirements, for specific
requirements.)

m. Cables:

1. Cable access - Cables shall be routed so as to be readily accessible
for inspection and repair.

2. Cable trays - Wire harness and fluid lines mounted in cable frays shall
be located for ready access.

3. Cable IooEs - Panel, console, and rack-meunted components shall
have slack cable lengths or maintenance loops sufficient for removal of
the connectors after the component has been extracted from its in-
stalled.ic?cgtlon, unless adequate internal access {physical and visual)
is provided.

4. Cable Routing - Cables shall not be routed external to the face of the
equipment rack.

(Refer to Paragraph 11.14.3, Cable Management Design Require-
ments, for specific requirements.)

n. Fuses and Circuit Breakers - Fuses and circuit breakers shall be readily
accessible for removal, replacement and resetting. The condition of fuses
ggood or blown) shall be readily discernable without having to remove the
use.

0. Structural Members - Structural components of units or chassis shall not
prevent access to or removal of equipment.

p. Fold-Out/Pull Out Drawers and Cabinets - Fald-Out/pull-out drawers and
cabinets shall be used where possible to provide ease of access.

(Refer to Paragraph 11.3.3, Draw and Rack Design Reguirements, for
requirements for the design of sliding, rotating, and hinged equipment for
maintenance related access.)

g. Slide-Out Stops - Limit stops shall be provided on racks and drawers which
are required to be pulled out oftheir installed positions for maintenance. The
limit stop design shall permit convenient overriding of stops for unit removal.

r. Hazardous Conditions - If a hazardous condition exists behind an access, a
safety indicator shall be provided. The access shall be equipped with an
interlock that will de-energize the hazardous condition when the barrier is
opened or removed, and & manual override capability shall be provided.

(Refer to Paragraph 6.4.3, Electrical Hazards Design Requirements, for
specific safety requirements.)

(Refer to Paragraph 9.4.4.3, Caution and Warning System Design Require-
ments, for related requirements.)

s. Covers - Where physical access is required, one of the following practices
shall be followed, with the order of preference as given.

(Refer to Paragraph 11.4.3, Closures and Covers Design Requirements, far
design requirements relating to maintainability.)
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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-apening cover plate in 2 cap that will meet stress re-
quirements.

Self-Supporting Covers - All access covers that are not completely removable
shall be self-supporting in the open position.

Rear Access - Sliding, rotating, or hinged equipment to which rear access is
required shall be free to open or rotate its full distance.

12.3.1.3 Visual Access Design Requirements

a.

Visual Access - Where visual access anly is required, the following practices
shall be foltowed with the order of preference as given.

1. Provide an opening with no cover except where this might degrade sys-
tem performance.

2. Provide a transparent window if dirt, maisture, or other foreign materials
might create a problem.

3. Provide a quick-opening metal cover if a transparent cover will not meet
stress or other requirements.

Visual and Manual Access - Ifthe crewmember has to be able to see the task,
design of the access shall be large enough 1o allow simultaneous visua
well as physical access; otherwise a separate window shall be provided

for visual access to monitor task performance. (Refer to Paragraph
12.3.1.2, Physical Accessibility Design Requirements, for additional re
guirements.)

Labeling:

Refer to Paragraph 9.5, Labeling and Coding, and Paragraph 9.4.4,
aution and Warning Displays, for related requirements.)

1. Access labeling - Each equipment access shall be labeled to indicate
items visible or accessible through it.

2. Visibility - Relevant labels and mounting instructions shalt be visible dur-
ing all maintenance activities.

3. Ildentification labels - Each access shall be labeled with a humber, let-
ter, or other symbol which is directly cross-referenced to the mainte-
nance procegures.

4. Plug conﬁ%uratiop labels - When a plug-in device has to be inserted
through a hole with limited visual access, a label adjacent to the access
shatli Tdioate how the pins on the device will align with the holes in the
sacket,

5. Compoenent identification labels - Elecirical cables, fluid lines, and other
subsystem protective shields shall be labeled or otherwise coded to al-
low for positive identification.

6. Hazard labels - Accesses shall be labeled with appropriate hazard la-
bels, advising of any hazard existing beyond the access and stating
necessary precautions.

7. Hinged cover labels - If instructions appIYing to a covered item are let-
tered on a hinged door, the lettering shall bé oriented to be read by the
crewmember performing maintenance when the door is epened.

%Refer to Paragraph 9.5.3, Labeling and Coding Design Requirements,
or additional requirements.)
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d. Fluid and Gas Line Connectors - Where feasible, fluid and gas conneclors
shal! be located and configured so they can be inspected, and so that any
leakage is obvious.

(Refer to Paragraph 11.10, Connector Design Requirements, for other con-
nector requirements.)

12.3.1.4 Removal, Replacement and Modularity Design Requirements

&Refer fo Paragraph 11.5.3.2, Alignment Devices Design Requirements, and
aragraph 11.5.3.1, General Mounting Design Requirements, for addifional
requirements.)

a. Removal - Systems and subsystems shall be designed so that failed Orbital
Replacemerit Units (ORU's) can be removed without damaging or disturbing
other components.

b. Surface Removal - Replaceable units shall be designed for removal through
the surface facing the crewmember as he works on the equipment.

(Refer to Paragraph 11.5.3.1, General Mounting Requirements, for other
specific requirements}

c. Independence - Where feasible, it shall not be necessary to remove or
disable an operable unit to obtain access to a defective replaceable unit.

d. Compoenent Labeling - Each removable component and its position on the
unit shall be labeled with corresponding numbers or other identification.

(Refer te Paragraph 9.5.3, Labeling and Coding Design Requirements, for
specific requirements.)

e. lsolation Valves - Subs;stem_s that contain ligujds or high pressure gases
(pressures exceeding 125 psia) and require maintenance shall be provided
with isolation or disconnect valves to permit isolation and servicing and to aid
in leak detection.

f.  Spillage control - Replaceable units shall be designed to control spillage and
the release of gases during removal or replacement.

g. Energized Units - Replaceable units and payloads which sus:gly or receive
energy shall be designed so that the power can be removed before repair,
removal, or replacement is atterpted. |f stored energy can pose a hazard,
provisions shall be made for its dissipation prior to maintenance.

(Refer to Paragraph 5.4.3, Electrical Hazards Design Requirements, for
specific requirements.)

h. Fastener Coatings - Paint and/or coatings shall not adversely affect removal
or installation of Tasteners.

i. ShortLife Components - Easy replacement shall be provided for camponents
that fail frequently (e.g., lamps and fuses).

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 so that it
will be physically impossible to insert the unit incorrectly.

|. Related items - Items of the same or similar form which have differant
functional properiies shall be readily identifiable and distinguishable, and
shall not be physically interchangeable. This indication shall be readily
discernable with the component in its installed position.
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12.3.2 Testability Design Requirements

12.3.2.1 Fault Detection and Isolation Design Requirements

%Refer to Paragraph 9.4.4.3, Caution and Warning Display Design Requirements,
aragraph 9.4.2.3, Visual Displays Design Requirements, and Paragraph 8.3.3,
Control Design Reguirements, for specific requirements.)

a. General - Equipment design shall facilitate rapid and positive fault detection
and jsolation of defective items.

b. Checkout - On-board fault detection/isolation shall be autornated and pre-
programmed for mission-critical and/or life support systems. On-demand
system checkout shall also be available.

¢. Diagnostic Capability - Equipment shall have an integrated diagnostic capa-
bility for all functionat failures identified as known or expected to oceur, in
mission-critical and life support systems.

d. Replacement Unit Status - When feasible, Replacement Unit design and
configuration shall permit verification of operational status prior to installation
without the need for disassembly.

e. Sensors - The status of sensors an replacement units shall be verifiable with
respect to acocuracy and proper operation.

f.  Manual Override - A manual override capability for all automatic control
functions shall be provided.

g. Portable Equipment - When built-in_ test equipment is not available
diagnostic tools and/or portable equipment shall be provided for faul
isofation to the replacement unit level.

h. Critical Malfunction Alarm - | critical equipment is nat regularly monitored
an alarm {auditory, visual, or both) shall be designed to ensure detection,

i iI_’t;lwer Faifure Indication - An indication shall be provided to reveal powe
ailures.

}. Power Interrupt - A positive indication of an open circuit shall be provided by
a fuse or circuit breaker,

k. Out of Tolerance - A positive indication shall be provided when equipment
has failed or is not operating within tolerance limits.

I. Trouble-shooting Sequence - A sequence of trauble-shooting checks shall
be specified to maximize trouble-shooting efficiency.

m. Test Equipment Verification - All electronic test equipment shall have built-in
test capability.

n. Test Equipment Accuracy - The accuracy of all test equipment shall exceed
that of the equipment being tested.

o. Adiustment Controls - AFpropriatq feedback shall be provided for all adjust-
ment controls and shall be readily discernible to the person making the
adjustment while making the adjustment. Adjustment conlrols shall be re-
versible without dead band, slop, hysteresis, or striction as reversal.

p. Calibration Damage - Calibration or adjustment controls shall be provided

with appropriate stops to prevent damage to the system. Calibration controls
shall provide an indication {visual or audible} when stops are reached.
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12.3.2.2 Test Point Design Requirements

(Refer to Paragraph 9.2.3.2, C/D Placement and Integration - Design Require-
ments, Paragraph 9.4.4.3, Caution and Warning Design Requirements, and
Paragraph 953, Labeling and Coding Design Requirements, for additional
requirements.)

a. Self-Checking - Appropriate test points shall be provided where a unit is not
completely self-checking.

b. Proximity - Test points shall be provided at or near maintenance locations.

c. Adjustment - Test points used in adjusting a unit shall be in physical and visual
proximity of the controls and displays used in the instrument.

d. Labeling - Each test point shall be clearly labeled with a description of its

functior|1, or, at a minimum, with a code number keyed to the maintenance
manual,

e. Waming Labels - Test points shail be marked with appropriate warning labels
when the application of conventional test probes could cause damage to
internal circuits {e.g., integrated circuits) or injury to personnel.

f.  Troubleshooting - Sufficient test points shail be provided so that it will not be
ggcessqry to remove sub-assemblies to accomplish troubleshooting/fault
iagnosis.

g. Test Cable Termination - If it is essential that test cables terminate on control
and display panels, the paneltest receptacles shall be located so that the test
cables will not interfere with controts and displays.

h. Layout- Primary test points shall be grouped in a line or matrix that reflects
the sequence of tests to be performed.

i Groupin% - A control panel or a series of functionally autonomous panels shal
be used to group test points whenever possible.

- Testing and Servicing - Rear plug connectors shall be accessible for testing
and ts‘)e.r\.'icing except where precluded by potting, sealing, or other require-
ments.

12.3.3 Maintenance Information Mgmt. Systems Design Requirements

(Refer to Paragraph 13.4.3, Information Management Design Requirements, for
other specific requirements.)

a. System Capabilities - As a minimum, the on-board information systems shall
provide command and status indications to/ffrom all subsystems for the
purpose of system maintenance and trouble-shaoting procedlres, trend data
acquisition and analysis, status of consumables, Tault detection/isclation,
scheduled maintenance data, repairireplacement information, and replace-
ment unit maintenance history and maintenance checklists.

b. Recording and Retrleval - The system shall provide for the recording and
retrieving of maintenance information in near real-time.

c. Fail Operational Systems - All systems that incorporate an automated fail-o?-
erational capability shall be designed to provide crew notification and data
mana eanent system cognizance of malfunctions until the faults have been
corrected.

d. Replacement Unit Characteristics - A characteristic matrix of all replacement
units shall be included in the data base containing replacement unit 1D
number, bite (replacement units containing bwIt—|n-test-equ|pment?, hazard-
ous system factors, critical system status, availability, and shelf-life limits,
serial humber traceable to manufacturer, batch data, date of manufacture,
and storage constraints.
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Sparing Status - Replacement unit sparing status shall be provided to ensure
that pracedures and on-board repair matetials are adequate for each mission.

Spares Inventory - Th automated information managt?ment system shall
contain an on-orbit spares inventory to identify the numbers and locations of
replacement units stowed in the space module,

%Refer to Paragraph 13.3.3, Inventory Management Design Requirements,
or specific requirements.)
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13.2.3 Housekeeping Design Requirements

13.2.3.1 General Housekeeping Design Requirements

a.

Contamination Control During Ground Handling - The greatest practicable
precautions shall be taken fo ensure freedom from debris and surface
cantamination within the space module and individual systems and com-
ponents during the ground operations from manufacture to launch.

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 smooth, solid, nenporous).

Grids and Uneven Surfaces - Grids and uneven surfaces shall either not
be used or they shall be easy to remove and easy to ¢clean.

Cracks and Crevices - All interior structural surfaces and e%uipment shall
be free of narrow openings and crevices that can collectliquid or particulate
matter or that require a special teol for cleaning.

Closures - Closures shall be provided for any area that cannot be easily
cleaned.

{Refer to Paragraph 11.4, Closures, for specific design considerations and
requirements.

Fluid and Debris Collection/Containment - Means shall be provided for
collecting and/or containing any loose fluids or debris that may result frem
operational use, component replacement, maintenance, service or repair.

Built-in Control - Any subsystem which routinely utllizes containers of
liquids or particutate’ matter shall have bullt-in equipment/methods for
capture or prevention of vaporization into the atmosphere, prevention of
material overflow from use, and methods of decontamination of spills.

1. The capture elements shall be easil¥ accessed for replacement or
cleaning without risk of dispersion of the trapped materials.

2. Grid, screen, or filter surfaces shall be directly accessible for cleaning

%Referto Paragraph 13.2.3.4 Air Filter Design Requirements, for fil-
er requirements.)

Transfer Containers - Transfer containers, if required, shall be so con
structed as to prevent contamination during transfer and disposal.

13.2.3.2 Surface Cleaning Design Requirements

a.

Bacteria Sampling/Biocide Selection - Means shall be provided for taking
microbial samples from all types of surfaces and for identifying an appro-
priate biccide.

Clea{aing Chemicals - Cleaning chemicals shall meet the following require-
ments:

1. Shall be low sudsing.
2. Shall be safe for use in an enclosed environment.

3. Shall be compatible with onboard water reclamation and/or waste dis-
posal systems.

4. Shall not stain or discolor the surface being cleaned.

5. Shall be in an easy-to-use, controllable content container.

6. Shall not produce a foul, unpleasant, lingering odor.
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¢. Humination - Adequate illumination for visual inspection and cleaning of
both internal and external housekeeping features.

SRefer to Paragraph 8.13.3, Lighting Design Requirements, for specific
Humination requirements.)

d. Wipes - The following types of wipes for use in general housekeeping and
personal hygiene shall be provided:

1. Dry wipes - Utility tissue used as toilet tissue and for compariment
and equipment cleaning.

2. Wet wipes - Evaporative detergent-saturated tissues used for per-
sonal hygiene and eating utensil cleanup.

3. Biocide wi?es - Biocide-saturated pads used for disinfecting food
spills, waste management systems, etc.

4. Reusable wipes - Utility handwipes that can be impregnated or damp-
en?d with premixed evaporative detergent/biocidal solutions or with
water.

e. Cleaning Implements - Provide means for dislodging and collecting dirt
and debris from surfaces, cracks, and crevices.

f.  One-Handed Operation - Cleaning equipment and supplies shall be de-
signed for one-handed operation or use,

g. Housekeepin% Cleansing Agents - A non-biocidal cleansing agent or
agents, shall be provided for general purpose surface cleansing in which
specific biological control is not required. A biocidal cleansing agent ar
agents shall be provided for clean-up of biological spills and biolagicalty
contaminated surfaces.

h. Biofilm Contral - Means shall be provided to control the formation and
rowth of biofiim on the inside surfaces of all fluid lines and pipes so as not
o degrade the mission.
13.2.3.3 Vacuum Cleaning Design Requirements
a. Suction - The system shall provide adequate suction capability for the
Follgglton and retention of Both wet and dry particulate matter and of
iquids.

b, Noise Level - The system shall have noise levels compatible with Para-
graph 5.43.2.

¢. Altachments - The system shall provide an assortment of attachments
which conform to the various surfaces that need to be cleaned (e.g., flat
surfaces, filters, cracks, crevices, corners, etc.)

d. Disposable Bags - The system shall provide disposable bags:
1. Suitable for containing both dry and liquid wastes.
2. Compactible for compaction in a trash compactor
3. Designed for long life, i.e., minimize frequency of replacement.

e. L]ghting - The system shall provide lighting te illuminate the area to be
cleaned.

f.  Nonpropulsive - Propulsive characteristics and self-generated torques of
the system shall be compensated for in the design.
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13.2.3.4 Air Filter Design Requirements

a.

Access - Air filters égrids, screens, filter surfaces) shall be readily accessi-
ble for cleaning and replacement without disturbance of collected material.

Configuration - Nondisposable air filters shall be configured to aliow them
to be cleaned by a vacuum cleaner attachment.

(Refer to Paragraph 13.2.3.1, General Housekeeping Design Require-
ments, item g, for other filter design requirements.)

Filter Condition - The design of the ajr filter shall incorporate the means to
inform the crew of the overall condition of the filter (e.g., visual feedback,
AP sensor).

13.3.3 Inventory Control Design Requirements

13.3.3.1 General Inventory Control Design Requirements

a.

Ground Compatibility - the onboard and ground inventory data formats
shalt be tdenticat.

Telemetry - The inventory management system shall interface with the
telemetry system for realtime uplink and downlink.

Automatic Updating - The system shall provide the capability to automat-
fcally revise the inventory control database and cother data references
affected by stowage/ inventory changes.

Standard Procedures - The system shall provide a user/computer proce-
dural interface that is standardized with other data management functions.

(Refer to Paragraph 9.6.3, Us_er!Comtputer Interaction Design Require-
ments, for specific design reguirements for the user/computer interface.)

Standard Nomenclature - The nomenclature used to refer to the items
tracked by the inventory management system shall be identical to, and
standardized with, that used on design drawings, training hardware, check-
lists, and procedures, labels, etc.

Cross Indexing - The information in the database shall be indexed with
many cross reference categories to facifitate ease of data retrieval.

Minimize Inventory Control Crew Time - The inventory control s'ystem
shall be designed to minimize the amount of crew time required fo
invento;y control functions. A design goal shall be that the inventory
control function shall reguire no direct crew input, but rather shall auto
matically track items and update the database.

13.3.3.2 Inventory Control Reports Requirements

a.

Itern Status - Display the location(s) for an item that is selected by item
number or item name, This report shall inciude the quaniity of the ifem at
each location.

Transfer Status - For an item selected by name or by number or for all
items, provide a reportthat displaysthe "From Location”, the "To Location”,
and the quantity to be transferred.

Location Status - Display items {by item number and item name) stowed
in a specified stowage location. Quantity of each item in the specified
location shall also be provided.

Limit Warning Report - Provide an alert message that indicates when
quantities of consumables, or items, fall below a predetermined safe limit.
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13.4.3 Information Management Design Requirements
13.4.3.1 General Information Management Design Requirements

a. Minimum Cnboard Information - At a minimum the following information
shall be accessible cnboard:

1. System Maintenance and Troubleshooting Procedures
. Trend data Acquisition and Analysis

. Consumable Status

. Payload Data Collection

. Experiment Procedures

. Repair and Replacement Information

. Medical History

cC ~N O G s~ Ww N

. Inventory Control Data
(Refer to Paragraph 13.3.3, Inventory Control Design Requirements.}

b. Information Management Facilities - Information management facilities
shall be provided in the spacecraft for stowing, receiving, displaying,
processing, and updating mission data.

¢. Information Display Orientation - The information display provisions shall
allow orientation of the data to the optimum position for use while perform-
ing the mission tasks that use the information.

d. Hands Free Use of Information - The infermation display provisions shall
leave the crewmember's hands free once the data has been positioned.

e. Data File Organization - Means shall be provided to stow mission data in
organized, ségmented data files in which individual data records can be
readily obtained.

f.  Flight Data Hardcopy - As a minimum, hardcopy file data shall be main-
tained on board for all procedures for emergency operations of the space-
craft, continued crew safety, rescue, or escape.

13.4.3.2 Hardcopy Information Management Design Reguirements
a. Restraints :
1. EquiPment restraints - Means shall be provided for restraining docu-
ments, loose sheets of paper, writing implements, and supplies re-

quired for documentation Update it_ape, scissors, etc.) at each
information management workstation.

{Refer to Paragraph 11.7.3, E(iui ment Restraints Design Require-
ments, for specific requiremen s.;)

2. Personnel restraints - Means shall be provided to restrain the crew-

members at the various workstations in a manner that leaves both
hands free for documentation update and recording.

gR_efer to Paragraph 9.2.4.2.3, Workstaifon Restraints and Mobility
ids Design Requirements, for specific requirements.)

3. Document restraints - Means shall be provided to hold documents
apen to specific pages.

b, Writing/Working Surface - Fixed and pertable writing/working surfaces
shall be provided.
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¢. Writing Instruments and Supplies - Writing instruments and supFIies
requg&ecé for documentation update (e.g., scisscrs and tape) shall be
pravided.

d. Stowage of Writing Instruments, Supplies, and Documents - Consolidated
stowage shall be provided for writing instruments, supplies, and docu-
menis in locations that are accessible to a restrained crewmember,

(Refer to Paragraph 10.12.3, Stowage Facility Design Requirements, for
specific requirements.)

e. lllumination - Adequate illumination shall be provided for each workstation
where hand documentation normally will be prepared.

(Refer to Paragraph 8.13.3, Lighting Design Requirements.)

f.  Onboard Printer/Copier - Capability for onboard preparation and duplica-
tion of hardcopy documentation shall be provided.

13.4.3.3 Electronic information Management Design Requirements
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14.1.3 General EVA Safety Design Requirements

{Refer to Section 6.0, Crew Safety, for additional safety requirements that
pertain to EVA. In the event of conflict concerning EVA safely issues, Section
14.0 shall take precedence.)

a. Temperatures - Surface temperatures of space module components re-
quiring EVA interface shall be compatible with the touch-temperature limits
of the pressure suit design being used.

b. Radiation - The EVA system design and operational procedures shali
protect the EVA crewmember from radiation for the duration of the EVA
exposure during the mission.

¢. Micrometeoroids and Debris - EVA system design shall protect the EVA
crewmember from expected particles’including sand and dust.

d. Chemical Contamination - The EVA system shal! prolect the crewmember
fram hazardous chemical contamination.

e. Edges and Prolrusions - All space module equipment and structures
requiring an EVA interface must either be designed to preclude sharp
edges or protrusions, or must be covered to protect the crewmember and
the crewmember’s critical support equipment.

f.  Hazardous Equipment - Potentially hazardous items that could injure EVA
crewmembers or damage EVA equipment by entragment,.snag ing, tear-
ing, puncturing, cutting, burning, or abrading shall be designed to ensure
elimination of, or protection from, the hazard.

g. Ingress/Egress - EVA crewmembers shall always have a positive method
and means to return to the pressurized module.

h. Power Sources - Special shielding and/or procedures shall be provided to
preclude EVA appreaches to a nuclear rector or radIOISOtOthC generator
power source located in the space module, that may result in additional
radiation exposure.

i. Transmitters - Procedures shall be developed to protect crewmembers
during EVA approaches that may result In harmful exposures to the
non-ionizing radiation being emitted from all high-power electromagnetic
EM wave transmitters {microwave, radar, laser, radio, UV/IR visible lamps)
on or in the space module with exterior antennas or external aperiures.

- Tethers - EVA crewmembers shall be safety tethered to the space maodule
at all times in mmm?rawty, unless they are in a free-flying maneuvering
unit or otherwise suitably restrained.

(Refer to Paragraph 14.4, EVA Workstations and Restraints, and Para-
raph 11.7.2, Personnel Restraints, for other restraint design considera-
ions and requirements).

k. Iq,nitjon Sources - Electrical current limiting devices shall be provided to
éliminate all potential ignition sources within any oxygen-enriched atmos-
phere of the life support system and pressure suit.

f. Positive Pressure - Protection shall be provided to prevent rupture b
overpressurization of the crewmembet's pressure envelop due to failure
of the pressure supply system.

m. Electrical Voitage - The EVA crewmember shall be ‘protectqd against

electric voltage shocks from inadvertent ?rounding of electric circuits and
from electrical discharge resulting from sfatic charge build-up.
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14.2.3 EVA Physiological Design Requirements
14.2.3.4 EVA Strength-Related Design Requirements

Design forces required for operation of hardware shall not exceed the capa-
bili_ttités ofthe potential population of EVA crewmembers within a given pressure
suit design.

Refer to Paragraph 4.9.3, Strength Design Requirements, for requirements
that pertain te nude-bedy strength in one-g.)

14.2.3.5 EVA Metabolic Workload Pesign Requirements

The EMU shall be able to support & mean metabolic rate of 250 keal/hr (1000
Btu/hr) for the total EVA duration x 400 keal/hr (1600 Btu/hr) for 60 minutes,
and a sustained minimum level of 65 kcal/hr (250 Biu/t hr).

14.2.3.6 EVA Food and Drinking Water Design Requirements

a. Water Requirements - Water shall be available during EVA at a rate 240
ce/hr (8 oz/hr) for EVAS over 3 hours.

b. Food Requirements are as follows:

1. EVAs of 4 hours or less in duration may be managed with 200 KCAL
(795 Biu) of food.

2. EVAs of greater than 4 hours in duration and at least 48 hours apant
may be managed with 200 kcal (795 Btu) of food.

3. Single or multiple EVAs of 4 to 8 hours in aggregate and repeated at
Ette)rvaflfs legs than 48 hours apart may be managed with 750 keal (2975
u) of foad.

¢. Materials used shall meet the current FDA requirements that pertain to
food and drinking water.

(Refer to Paragiraph 7.2.2.3, Nutrition Design Requirements for data
relative to potable water compatibility )
14.2.3.7 EVA Body Waste Management Design Reguirements

a. Body Wastes to be Accommodated - accommedatien of 1000 cc (33 oz)
of ufine for men and women, and menses for women.

b. Contamination Protection - prevention of odor, patticles, biotic contami-
nants, and/or toxicants.

¢. Duration of Accommodation - accommoedation of body wastes for maxi-
mum suited duration.

d. Oral/Nasal Breathing Environment - Space suit systems in combination
with EVA procedures shail provide for an in-heimet environment that
Prowdes protection from defecation in the suit, vomiting in the suit, loose
ood or waste particles, and free-floating liquids.

Refer to Paragraph 10.3.3, Body Waste Management Facilities Design
eqltu)rements, for other information that pertains to body waste manage-
ment.

14.2.3.8 EVA Medical Monitering Design Requirements

a. Detection Capability - the capabilily to detect physiolegical stress and/or
excess during EVA.

b. Mobility - minimally interfere with personnel mobility.
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c. Checkout Time - require minimum checkout time.

d. Communications, Caution, and Warning - the capability for real-time
downtink, as well as in-suit caution and warning alarms , and the provision
of caution and warning alarms for intravehicular crewmember support.

{(Refer to Paragraph 8.4.4.3, Caution and Warmning System Design Re-
quirements, for specific requirements.)

e. Monitor Parameters - parametlers that shall be monitored include O2
consumption, heart rate and EKG signal, suit pressure, in-suit partial
pressure {for active two-gas life support system desqns), COy partial
pressure, and a physiological monitoring capability shall be provided for
each EVA crewmember fo measure radiation exposure in the suit either
actively or passively depending on the radiation environment.

Refer to Paragraph 5.7.2.2.3, lonizing Radiation Monitoring and
osimetry Desigh Requirements, and Paragraph 5.7.2.2.4, lonizing Ra-
diation Pérsonnel Protective Equipment Desu?]n Requirements, for other
applicable reguirements. Refer to Paragraph 6.4.3, Electrical Hazards
Design Requirements, and Paragira h 10.9.3, Health Maintenance Facili-
ties, for information that pertains fo EVA medical monitoring.)

14.2.3.9 EVA Suit Pressure Design Reguirements

a. Oz Pressure - The Oo pressure in the space suit shall be maintained above
the minimum normoxic levels shown in Figure 14.2.3.9-1.

b. OgzPartial Pressure Expogure - Ex‘Josure to Oz partial pressure during EVA
preparation and during EVA shall be limited as a function of time due to
O3> toxicity concern as shown in Figure 14.2.3.9-2.

¢. High Oz Partial Pressure Exposure - Chronic {(>6 hrs} exRosure to Oz partial
pressure above 310 mmHg (6.0 psi) will require crew heaith assessment
with pulmanary function tests and laboratory tests.

d. COs:Partial Pressure Exposure - The inspired CO2 (COz in the gas stream
directed to the helmet §J|US the COz2 rebreathed from resﬁmrauon] shall not
exceed 7.6 mmHg (0.15 psi) at metabolic rates L':_[':: to 400 kcal/hr {1600
Btw/hr). Theinspired COz shall not exceed 10 mm 290 0.19 psi) for perieds
up to 15 minutes at metabolic rates up to 500 keal (2000 Btu/hr), and shall
not exceed 15 mmHéog).QQ si} for periods of 5 minutes at metabolic rates
up to 630 keal/hr (2500 Btu/hr).

e. Rate of Pressure Change - The rate of pressure change experienced by
the crewmember during either normal degres_sunzatmn or repressurization
shali not exceed 2.6 mmHg/second (0.05 psi/second).

f. Rate of Emergency R?ressurization - The rate of emergency repressuri-
zation shall not exceed 52 mmHg#second {1.0 psifsecond) and shall not
result in a crewmember peak differential pressure across the chest in
excess of 80mmHg (1.5 psi) or 40 mmHg (0.77 psi) for a period longe
than S seconds.

14.2.3.10 EVA Radiation Dosage Design Requirements

&Refer to Paragrazph 5.7.2.2, lonizing Radiation Design Requirements, and
aragraph 5.7.3.2, Non-lonizing Radiation Design Requirements, for othel
radiation dosage design requirements.)

a, Radiation Protection - Sufficient protection to keep radiation exposure
below permissable EVA limits based on the maximum predicted radiation
levels and the maxium expected task durations.

b. EVA Radiation Exposure Limits - based on NASA exposure limits:

1. Mission exposure limits shall be set.
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Total pressure Normoxic 02 pressure
Kpascat {psil kPa {psi)
25.51 370 26.51 10
27.58 400 24.96 162
kXY 5.00 nn 345
4137 6.00 [n 3.36
48.26 7.00 2268 k]
55.16 8.00 2.4 J.24
62,08 8.00 22.08 3.0
68.96 10.00 21.86 i
101,35 14.70 Al ) 308

Figure 14.2.3.9-1 Normoxic O, Pressure as a Function
of Total Pressure

MSIS 299

02 Partial pressure

Limitations

Range

Kpageal

{psi)

Hours per period

69 101

[10-14.7)

6 hours/ 24 hour period
18 hours/120 hour period

41-69

{ §-100)

18 hours/120 hour period

u-4

{3- 80

None

Figure 14.2.3.9-2 Exposure Limits to Partial Pressures
During EVA Preparation

MSIS 300
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2. Based on the mission exposure and the radiation dose acquired during
IVA, permissible EVA radiation exposure limits shall be set.

1. Using terrestial exposure standards for non-ionizing radiation as a basis,
exposure standards for non-ionizing radiation shall be established.

2. These standards shall be applied to protect EVA crewmembers from
ossible contact with high levels of non-ionizing radiation being emitted
y exterior antennas or aperatures.

provide adec?[uate ebe protection to the EVA crewmember from the Sun's
direct and reflected UV radiation for the duration of EVA exposure.

14.2.3.11 EVA Touch Temperature and Pressure Design Requirements

a. EVA Space Suit - The Space Station Extra-Vehicular Mobility UnitrgSSENLU;
shall maintain ggace suitinternal surface temperatures between 10% C (50°F
and 43°C(110°F).

b. EVA Glove - The EVA glove shall provide the above protection during and
subsequent to the period that the external surface of the glove is loaded to
52 mmHg 1-Qgsi) for 0.5 minute by an ohject with a surface temperature
between-120°C (-185°F) and 113°C (+235°F).

(Refer to Paragraph 6.5.3, Touch Temperature Design Requirements, for

other specific réguirements.}

14.3.4 EVA Anthropometry Design Requirements

(Refer to Figures 14.3.4.3-1, 143.4.3-2,143.4.4-1, 14.3.4.4-2, for example EVA
anthropometric design solutions.)

14.4.3 EVA Workstation and Restraint Design Reguirements

(Refer to Para%raph 9.2.3, Control/Display Placement and Integration, for other
requirements that may pertain to controls and displays).

14.4.3.1 EVA Work Envelope Design Requirements

EVA workstations shall be designed based on the reach envelopes, field-of-view,
?2d3n2egtral body posture of the space suited crewmember defined in Paragraph

(Refer to Paragraph 9.2.4.2, Human/Workstation Configuration Design Require-
ments, and Paragraph 8.6.3, Crewstation Body Envelopes Design Require
ments, for other requirements that pertain to envelope geometry%

14.4.3.2 EVA Control and Display Design Requirements

a. Cantrols - EVA control type, location, and actuation forces shall conform
to the EVA requirements in Paragraph 9.2, Workslation Layout, and
Paragraph 9.3, Centrols, with the following additions and exceptions toj
those requirements:

1. Glove Interface - All controls with the potential to be operated by an EVA
crewmember shall be operable by a crewmember wearing a pressurized
EVA space suit glove.

2. Switches - Guarded switches shall be emgloyed where possible.
Switches shall provide tactile andior visual feedback of position. -
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ltern Range Torque
Shouldsr mabliity
Adduction/abduction 282 rad (150 deg) 13.6Nm (t2 In-las)
Laterstmadial 0.35/2.52 rad (20 deg/150 dog) 1.38 Nm {12 in-tos)
Flaxion/axtansion 3.14 rad {180 deg} 4,52 Nen {40in-fos)
Retatlon fx-2 plana) 1.57 rad {30 deg) 339 Nm {3Qin-fos)
Rctation {y-z plam] {fataral-mediaf) .09 rad (120 dag) 339 Nm (30in+Rs)
Elbow mobillty
Flaxicrvextension 227 rad {130 dag) 1.38 Nim (12 in-[os)
Wtisl mob ity
Flexinniextension 1.57 rad (20 deg) 0.68 Nm (6 in-fbs)
Anduction/adduction 2.08 rad (120 deg) 0.68 Nm (6in-Ips)
Walst mobllity
Paxian/sxtansion (hip and waist) 1.57 rad (99 dag} 5.42 Nm {48 i.-ba)
Ratation 2.62 1ad (150 daq) 1243 Nm {110 in-ts)
Hip mobllity
Flexion 1.22 rad (70 deg} 271 N (24 in-bos)
Abduction Q.17 rad {10 deg} 271 Nm (24in-bs)
Knsa nroblity
Flaxion (standing) 2.00 rad (120 dug) 1.36Nm [12in-hs)
Flexion (knealing) 2.62 red {150 deg) 136 Nm (12in-bs)
Anide mobility
Flexion/extension 0.70/.70 rad (40 dag/40 deg) 1.36Nm (12 in-bs)
Faresrm mobillty
Wrist rotation 31.41ad (180 dag) 0.68 Nm (6 in-ba)
Glove mohlllty
Fingarilaxior/axtensian Grasping s one-inch diametar

rad fer § minutss —_

Figure 14.3.4.3-1 STS Space Suit Joint Mobility and Torque
Specifications at 4.3 psig

MSIS 310
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Hip and waist Waist mobility side [flaxion Forearm maobility
flexion/extenslon ta side toration extension} welst retation
Shoulder 4.5 [40) 34 (30
{laterat 169 90
Shovlder Shoutder rotation
adduction/ Shoulder fexion (-2 plone)
abduction shoulder extension (downup}
14
1302 130121 2.7 {24) 120
40 |40 10
i
Shoulder rotstion
Ankiw axtension Hip abduzrion Hip flaxlon {yz plane}
angla flexion {leg siraighy) [lateral madiot]
X {YY}] Torque, Nen (indb} 1.3{12} b:} -
zz Angle of motion, deg 160 N
Knim flation Knes mobility
[kneeling} fhexion standing

Note:
The angles illustrated and those listed do not always coincide

Figure 14.3.4.3-2 STS Space Suit Joint Mobility Range
Specifications for 4.3 psig

MSIS 31t
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Systam provision Parameter Parlormance
Halmatand EVVA Field of vision 12G.deq, laft and right in the hoizontai
oplical visibitity plane. 105 deg. down and S0 deg. upin
tha vertical plane
Critical area of vision Vertical 90deg 1,57 rad
Superiertomporal 620eg 1.08rad
Suparicr B5deg 1.48vad
Interior-temparal 85deg 1.48rad
Inferior 70deg 3.2 rad
Optlcal disterticn No visibla distortion or optical delatts
datectable by the unaided aye. {2020
visual acuity) a1 the typical "as wom®
persition
Uy Lumirous IR
Transmitiance Nanomatars {nm} 200-300 400700 700+
Thermaleasiing
optical characterlstica
Inner protectiva Quter sun
Characteristio visor visor
Transmittance
550 am 70% min. 1614%
1106 nm N/A 10% max.
Solar raflectance
550 nm 5% max. 40% min,
2400 nm 70% min. NiA
700 nmi NiA 55% min,

Figure 14.3.4.4-1 STS EVA Helmet and Extravehicular Visor
Assembly Visual Range Limitations

MSIS 312
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Superior 90% {1.57 rad}

Superior - Tempora
62° {1.08 rad)

—emem TEMpOTa

86° (1.48 rad)

Inferior - Temporal
85Y [1.48 rad)

Inferior 707 {1.22 rad}

Note:
Operational field-of-vision is considerably modified by the protective
extravehicular visor assembly

Figure 14.3.4.4-2 STS EMU Field-of-Vision as an Example Design
Solution

MSIS 313
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3. Mechanical Feedback - Mechanical control feedback shall be sufficient to
override space suit glove attenuation so that the EVA crewmember
recejves positive indication that the control function is completed. The
[Inseghﬁrzgggl If;)a)edbac:k actuation force shall be detectable but not less than

4. Load - EVA controls shall withstand crew-imposed loads of 1,254 Newtons
in all directions or be protected from these loads.

5. Inadvertent Actuation - Protection shall be provided for all EVA controls to
prevent inadvertent actuation. Toggle switches mounted on the pressure
suit in sagittal or the transverse plane shall have their normal EVA
operational position toward the crewmember,

6. Reach Envelope - EVA controls shall be located within the visual and reach
envelope of the potential EVA crew population.

7. Spacing - Control spacing shall permit selective operation of individual
controls by a space suited crewmember.

b. Displays - EVA display type and location shall conform te the VA display
requirements in Paragraph 9.4.2.3 of this document, with the following
additions/exceptions:

1. Type - EVA display type shall be appropriate for the EVA task perfarmed.

2. Loads - EVA displays shall withstand crew-imposed contact loads in all
directions or be protected from these loads.

3. Field-of-View - EVA displays shall be located within the field-of-view
permitted by the pressure suit and restraint system.

4. Readability - EVA displays shall be readable over the range of lighting
extremes expected.

g?efer to Paragraph 8.2.3.2 Control/Display Integrafion and Placement
esign Requirements for additional requirements onfield-of-view.)

c. Labeling - Labeling and cofor coding at EVA workstations shall conform to
the VA labeling and coding requirements in Paragraph 8.5 and sub-para-
graphs of this document, with the following exceptions:

1. Attachment - EVA labels shall be mechanically or permanently attached
to the mounting surface.

2. Color Coding - Color coding shall be used only when adequate white
illumination is available at the EVA workstation.

14.4.3.3 EVA Workstation Lighting Design Requirements

gRefer to Paragraph 8.13.3., Lighting Design Requirements, and Paragraph
2.2.2.1, Workstation lllumination, for other requirements that pertain to lighting
and illumination.)

ltumination tegories and value ranges for generic EVA activities are presented
in Figure 14.4.3.3-1, and minimum illumination levels for EVA tasks are givenin
Figure 14.4.3.3-2.

Additional llumination requirements include:

a. Lights - EVA workstations shall be iluminated by permanently mounted
and/or portable lights. lllumination shall be adequate for task-specific require-
ments during both day and night conditions.

b. Glare - EVA Iighting shall not cause excessive glare or create any other
annoyance to the crew,
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. Illuminance range
Type of activity

Lux (fe}
Translate a corridor 30-55 3-5
Lowlight work areas with occasional 55-110 5-10

simple visual tasks

Visual tasks with large size or high 215-325 20-30
contrast objects

Visual tasks with small size or 326 - 750 30-70
medium contrast objects

Visual tasks with very smail size or 540 - 1080] 50-10Q
low contrast obijects
Visual tasks with objects of very 1080 - 2150| 100 - 200
small size and low contrast over a
prolonged period

Figure 14.4.3.3-1 llluminance Categories and Value Ranges
for Generic EVAs

MSIS 315

EVA Tﬂski' M]mmmmmjn_’ﬁﬁ

Lux Lffl

Astronaut movement to worksite 55-110 5-10

for satellite repair mission or cargo

transfer

Astronaut gositions satellite in 215 20

cargo bay or station worksite area

EV A satellite servicing worksite;

hand tool utilization for simple, 325 30

non-hazardous repair missions

EV A satellite servicing worksite; B40 50
use of new and complex tools,

non-hazardous

EV A sataflite servicing worksite; 810 75
complex tools and hazardous tasks

* Assumes a background reflectance range of 5 - 80%
Figure 14.4.3.3-2 Minimum llluminance Levels for EVA Tasks

MSIS 316
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Field-of-View - Light sources at workstations shall not be located within 1.05
radians (60 degrees) of the center of the crewmember's field-of-view.

Diffuse Lighting - Diffuse lighting shall be used and highly polished surfaces
shall be avoided.

Fixtures - Light sources shall provide even illumination. Fixtures shall be
designed to direct light into the desired area without causing visual digcomfort
to the crew. Light fixtures located close to workstations shall be designed to
protect the crewmembers from thermal and physical hazards.

Luminance Ratio - The luminance ratio at work-stations shall conform to the
following minimum specifications:

1. 3:1 between task areas and immediate surround.

2. 5:1 between task area and adjacent surround.

3. 10:1 between task areas and remote surfaces.

4. 20:1 between light sources and immediate adjacent surfaces.

Portable Lights - Portable lights shall be provided for unplanned maintenance
emglr erncies, and task performance where adequate fixed ilfumination is not
available.

Exterior Light Controls - Light controls for permanently installed exterior
|I?ht|ng shall be located both at the exterior and interior of the space medule
at convenient locations.

Light Beam Spread - The |ightinﬁ system shall have sufficient beam spread
from ta tt_n'.':rma plane to provide the crewmember with good peripheral visual
arientation.

14.4.3.4 EVA Crew Restraint Design Requirements

R

0

efer to Paragraph 8.9.3, Mobility Aids and Restraints Architectural Integration
esign Requirements, and Paragraph 11.7.2.3, Personnel Restraint Réquire-

ments, for other requirements.)

a. Force Exertion - Foot restraints shall be used for actuation or operation of
equipment which rqujires the crewmember to exert forces exceeding those
given in Figure 14.4.3.4-1. EVA waist tether restraint systems may be used
when actuation or operation of equipment does not require forces and
durations greater than those specified in Figure 14.4.3 4-1.

Linear Forces Duration
4.4 N (1.0 Ibf) 4.5 sec
222 N (5.0 Ibf) 2.1 sec
44.5 N (10.0 Ibf) 1.4 sec

Note:

The Maximum distance through which forces may be applied is 61 cm

{(24in)

Figure 14.4.3.4-1 Maximum Forces and Duration Capable of A
Tethered Buf Free-Floating EVA Crewmember

MSIS 317
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b. Foot Restraints - EVA foot restraints shall:

1. Be designed fo permit easy inserlion and removal of pressure suit boots
by the crewmember.

2. Accommodate all boot sizes without adjustment during use.
3. Regquire a deliberate action for removal of a boot.

4. Provide a contingency method for removal of a jammed boot from a foot
restraint.

5. Provide the capability to react to loads applied by the crewmember.

(Refer to Paragraph 11.7.2.3.2, Foot Restraint Design Requirements, for
other requirements.)

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,
a!logtgg ho;ak to be free for ulilization, and have a minimum length of 95
cm{3.75in.).

2. Have design features that indicate whether the latch lock is engaged or
1d|s§ngaged. and to indicate direction for engaging and disengaging the
ock.

3. Safety tether attachment hooks shall be removed and attachable by
one-handed operation and employ a redundant lock feature such as
thﬁh-to-open uttons that must be operated to disengage or release a
elner.

. Provide a contingency methed for removal of a snagged tether or release
of a crewmember from a tether hook.

d. Airlock- Provide handrails and tether attach points and other personnel
restraints at the interior and exterior of the airlock.

e. EVA Suit Don and Doff - Provide personnel and equipment restraints at the
EVA space suit facility.

14.4.3.5 EVA Equipment Tether Design Requirements

a. One-Handed Operations - All EVA equipment tethers shall be designed stch
that tether attachment and removal methods permit one-handed operation
using a pressure suit glove.

b. Common Attachment Point - All equipment tethers shall use a common
attachment method.

¢. Tether Attachmeni Points - All equipment items shall be provided a
standardized tether hook receptacle which is an integral part of each item
and is compatible with NASA equipment. This standardized receptacle)
shalf algo be provided on the interfacing surface to which the item isto be
secured.

d. Tether Lock Status indicator - The tether lock shall be designed in such
a way that it will be easy to recognize when the hook Is locked/unlocked
in body day and night lighting conditions.

14-13
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14.5.3 EVA Mohbility and Translation Design Requirements

14.5.3.1 EVA Translation Route Desigh Requirements

Equipment - All equipment located along EVA translation routes shall be
designed to withstand repeated use as mability aids, or the equipment shall
be guarded or \Frotected._There shall be no protrusions, corners, or sharp
edges along EVA translation routes.

(Refer to Paragraph 6.3.3, Mechanical Hazards Design Reguirements, for
related requirements.)

Translation and Mobility Aids :

1. Mobility aids shall be located at terminal pointsand direction change peints
on established crew translation paths.

2. Mobility aids shall be ptaced in all locations where equipment is not
available as a substitute.

3. For EVA tranglation, mobiiity aids shall not be separated by more than 80
cm (36in.). The preferred spacing is 60 cm (24 1n.).

Handholds:

1. The orientation of translation and mobility handholds shall be such that
the body position normally assumed to perform a task may be atfained,
and thaf normal body movement may be accommodated.

2. They shall alse 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.

Danger Warnings:

1. Translation and mebility handholds located within 30.5 cm (12 in.) of flight
equipment shali be identified and color coded (regarding danger of injury
to the crewmember due to equipment failure).

2. Equipment located along translation routes that could be damaged by a
translating crewmember shall be identified and color ceded.

Cross Section ofthe Translation Route - the dimension ofthe translation route

see Figure 14.5.3.1-1) shall not be smaller than the dimension required for
the EVA crewmember 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 simallest EVA suited crewmember,

2. Corridors that have access from at least one end and are not longer than
the shortest EVA suited crewmember.
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2xls

W = Width at widest point; Wi = longestfargest
L = Length of EVA system; Ls = shortest/smallest, L. = longestflargest
W = Width at widest point, Wi = longestlargest

Figure 14.5.3.1-1 Cross-Section of the EVA Translation Route

MBIS 324
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f. EVA Hafches and Doors - The EVA hatches shall be operable form either
side ofthe hatch. EVA translation aids shall be placed around the hatchway
on both sides to support ingress/egress.

g. Equipment Accessibility - Transtation and mobility handholds shall be posi-
tioned such that crew-operated equipment and consoles are accessible and
are not obstructed visually or physically by the handholds.

14.5.3.2 EVA Mobility Aids Design Requirements

(Refer to Paragraph 11.8.2.2.1, Handhold and Mandrail Dimensional Require-
ments, and Paragraph 8.9.3, Mability Aids and Restraints Design Requirements,
for other handhold dimensions that may pertain to EVA mobility requirements.)

a. ?An%egsziops- EVA handhold and handrail dimensions shall conform to Figure

b. Mounting Clearance - The minimum clearance distance between the low
_su;faoe of the handrail/handheld and the mounting surface is 5.7 cm (2.25
in.).

c. Spacing for Translation - For EVA translation, handholds/handrails shall not
be se aratéad more than 82 em (36 in.). Maximum spacing of 61 cm (24 in.)
IS prerefred.

3.10¢m (1.22 in) min
§3.ﬂ1 em (1,50 in) max

5.72¢em
{2.25in)

18.2cm

o {6.0in)
o

1.890 cm
4",‘""1 ™ {lu.rsin;
ﬂ.aaml —

Section A-A

Note: Dimensions £0.15 cm (£0.060 in)

Figure 14.5.3.2-1 Standard EVA Handhold
Dimensional Requirements

MSIS 325
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d. Spacing for Worksites - Handrails’/handholds shall net exceed 45.8 cm $1B
in.) above or below the shoulder or 61 cm (24 in.) to the left or right of the
body centerline when working in a foot-restraint position.

e. Safety Tether Attachment - EVA handrails/handholds will accommodate
(szaj’ety)telher hooks at a spacing not to exceed 80 cm (36 in) preferred 60 cm
n,.

f. Lighting - EVA handholds/handrails shall be iluminated in accordance with
Paragraph 14.4.3.3.

g. Color - EVA handhoids/handrails shall minimize specular reflection and shall
be a standard color throu?hqut the space meodules, be clearly visible, and
have a high visual contrast with the background,

h. Temperature - Surface temperature of EVA handhelds/ handrails shall be
compatible with the touch-temperature limits required by the space suit glove.

(Refer to Paragraph 14.2.3.11, EVA Touch Temperature and Pressure De-
sign Requirements, for specified EVA glove temperature requirements).

14.5.3.3 EVA Translation Restraints Design Reguirements

Except for free flying maneuvering unit operation, EVA crewmembers in micro-

gravity environmenls shall always be attached or otherwise restrained to the

space module. Safety tether points shal be located as follows: .

a. Translation Routes - No more than 80 cm (36 in.) between EVA translation
aids, 60 cm (24 in.) preferred.

b. Direction Change - Ateither side of a directionalchange in equipment transfer
or a distinct hand-off point.

c. Equipment Transfer Paths - At the extreme ends of equipment transfer paths.

d. Tethersand Tether Hooks - Translation route tethers and tether hooks shall
conform _to the requirements in Paragraph 14.4.3.5, EVA Crew Restraint
Design Requirements.

14.5.3.4 EVA Airlock Design Requirements

{Refer to Paragraph 8.10, Hatches and Doors, for additional requirements that
may pertain to airlock hatches and doors requirements.)

a. Airlock Hatches - Airtock hatches shall be designed to be operated by a single
EVA crewmember.

b. Any tools required for emergency contingency airlock operation shali be
located near the airfock.
14.5.3.5 EVA Passageway Design Requirements

a. Minimum Cross Section - The cross section of EVA passageways shal
be based on the maximum width of the largest space-suited crewmembe
who will use the passageway.

b. Direction Change - When abrupt changes in_direction of travel are
necessary, additional volume shall be provided for a change in direction
normal to the corridor being traversed.

14.5.3.6 EVA Equipment Transfer Design Requirernents

(Refer to Paragraph 11.8.3.2, Equipment Mobility Aid Design Reguirements, for
other equipment transfer requirements.)

All loose EVA equipment and EVA cargo shall be provided with attachment points
or restraints so that it can be firmly secured or tethered at all times during transfer.
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14.6.2.3 EVA Tools Design Requirements

{Refer to Paragraph 11.2.3, Tool DESi\?n Requirements, fortool requirements that
may be applicable to both [VA and EVA).

a. Throw Angles - Throw angles for EVA ratcheting shali be at least 1.57 rad
(90 deg.), and shall allow right- or lef-handed operations.

b. Handles - A non-slip surface shall be incorporated which minimizes space
suit glove abrasion.

¢. Access - For EVA gloved-hand access around the tool handle, 7.6 cm (3in.)
of clearance shall be provided (see Figure 14.6.2.3-1).

Adjacent
obstructions

™~

Tool handte O
offset Mirimum
clearance
78cm
{.0in)
—— ——
e ] -4
/ == >
CRLETS
\ T~ o —— 4
~ P
—— -
— —— — ——
Min
28¢em Min
{1.01n] 1.4 cm (08 in)
Tool head Toal heed engagement
¢lagrance height for double
{Messured from height boit head
auter edoe ol
fastener heed) Min
et —— —
16cm
3.0 in}
Tool hancla
dearance
[Measured from fastener
camtecline tO DeR005T
obstruction)

Min of 180 deg clearancs

Figure 14.6.2.3-1 Visual and Hand Access for EVA Tools and
Required Clearance

MSIS 326
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14.6.3.3 EVA Fasteners Design Requirements

a.

14.6.4.3 EVA Connectors Design Requirements
a.
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Tethering - A means shall be provided on all teols for tethering the tool at all
times to prevent inadvertent loss. The desidqn shall be such that the attach-
n'}ent and removal methods permit one-handed operation using pressure suit
glove.

Battery Packs - Battery powered tools shall be designed so that the battery
packs can be replaced at the EVA worksite. Power tools using battery packs
shall have a level of charge indicator or an indication as to when a’battery
pack is required to be replaced.

Visibility - All EVA tools shall be visible during installation, remeval, and
operations.

EVA Fastener Size - The minimum size of fasteners, knobs, and head size
for sgace-suned hand operation shall be 3.8 cm {1.5in.) diameterand 1.9 cm
{0.75 in) high. Maximum EVA fastener size shall not exceed the grasp
capabilities of the smallest EVA crewmember.

Captive - Captive fasteners shall be used wherever possible, Where existing
hardware or other factors preclude captive fasteners, special provisions for
captive devices shall be made,

Indication of Status - EVA actuated fasteners devices shall be verifiable
r'isu?lly accessible to ensure proper seating or restraint in stowed or installed
ocations.

Contingency Operation - All EVA hand-actuated rotational fasteners shall be
provided with either an internal or external hexagonal feature for contingency
operation with a hand tool.

Fastener Heads - EVA-operable bolt fasteners shall not require a push force
to remain engaged with tool. EVA fasteners operated by hand or power tool
shall have a double-height Hex-head bolt head.

(Refer to Paragraph 11.8.3, Fastener Design Requirements, for additional
requirements.)

Clearance - Clearance shall be grovided for gloved- hand operation of
connectors as shown in Figure 14.6.4.3-1.
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15.2 cm
(6.0 in) dia

l‘l
\
l
|
\
\
\

(30 deg) 4 I

raclius |
————

33 cm -‘J

(1.5 in) max \

20.3cm
(8.0 in) dia

0.5 rad 4 !

i

20.3 cm
(8.0 in} dia

20.3 em //\

@0imdia 7 A

|

View A

20.3cm
(8.0 in) dia

15.2 cm .
(6.0 in) dia View B

(30 deg}
radius

Figure 14.6.4.3-1 Typical EVA Gloved Hand Clearances Required
for Wing Tab Connectors

MSIS 328
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Wing Connectors - EVA wing connectors, similar to Figure 14.6.4.3-2, shall
be used wherever appropriate. Wing length shall be proportional fo the
torque required.

Multiple Connectars - Clearance between single and staggered rows of
connectors shall be at least 3.8 cm (1.5 in.) as shown in Figure 14.6.4.3-3.

Spacing - Spacing of connectors shall allow the gloved hand access to the
connector in all directions.

Status - Methods such as visual indications, shall be provided to indicate
connector mating status.

Pressure - High pressure pneumatic connectors and lines shall be tethered
or ofherwise captured to the main structure,

Protecting Caps - All connector protective caps shall be tethered in the
proximity of the connector.

t42em ¢

38 om
(150 ir:)/l

Recessed pins for
scoop proof eperation

429 0n
(1591
dia

Large Connector
10175-20024

Figure 14.6.4.3-2 EVA Wing Tab Connector {Large Size}
MS!S 33
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NN

MY Y
NN,
e 3.8
¥.'. i

38em —————
{1.5in)

min

Figure 14.6.4.3-3 Minimum Clearance Between Wing Tab
Connectors

MSIS 331

Strain Relief - Strain relief shall be provided to prevent inadvertent breakage
due to induced loads.

Alignment - All connectors shall have provisions to ensure proper alignment
during mating and demating and visible alignment markings.

Scoop Proof - All connectors shall be scoop proof. Scoop proof refers to the
impossibility of 2 mating receptacle connector being inadvertently cocked into
a mating plug and damaging or electrically shorting the contacls.

Mate/Demate - The actuation force to mate or demate an electrical ot fluid
connector shall not exceed 4 Nm (35 in./Ib) for the preferred diameter of 5.75
cm {2.25 in.} for cohnectors.

Electrical Hazards - All electrical connectors shall have Frovisions for align-
ment and mating of connector shells prior to electrical path cohnections.
Electrical paths shall be broken prior to connector discennections.

(Refer to Paragraph 11.10.3, Connector Design Requirements, for additional
information applicable to both EVA and IVA connectors.)

14.7.3 EVA Enhancement Systems Design Requirements

EVA Enhancernent systems shall have safety tether attachments between the
EVA crewmember and the enhancement system and or between the enhance-
ment and the main space module, except for free-flying mobility units or surface
rover.
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Alphanumeric, 9-62
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Computer Input
Bar Code Reader, 9-36
Joysticks, 9-32
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Light Pen, 9-33
Mause, 9-34
Stylusand Grid, 9-35
Touch-Sensitive Display, 9-36
Track Ball, 9-35
Camputer Input Devices, 9-29
Congestion and Interference, -1
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Arrangement, 11-26
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Fluid, 11-24
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Optical, 11-25
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Handwheel, 9-18
Key-Operated Switch, 9-29
Knob, 9-13
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Lever, 9-18

Pedal, 9-23

Push-Pull, 9-25
Pushbutton, 8-21
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Toggle Switch, 9-21
Valve, 9-17
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Warning Labels, 6-7
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Cursor Position Designation, 9-81
Placeholding Cursor, 9-82
Pointing Cursor, 9-81
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D
Data Display, 9-69
Coding, 9-71
Format, 9-72
Functional Area Tables, 9-70
Graphics, 9-70

Information Display Rate, 9-73
Matrix Tables, 9-69
Tables, 969
Text, 9-69
Windows, 9-71
Design For Maintainability, 12-1
Equipment, 12-1
Maintenance Information Mgmt., 12-8
) Testabjlity, 126
Display Readability, 9-1
Display Tyges, -40
lock and Timer, 9-42
Digital Display, 9-44
Flag DISplEB{, 9-43
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Light Emitting Diode, 9-44
Maintenance Display, 9-40
Scales and Pointers, 9-40
Visual Display Terminal, 9-45
Drawer and Rack, 116
Commeon Requirements, 11-8
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Interfacing, 116
Stowage, 11-8
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Electrical Hazards, 6-5
Chassis Leak Current, 6-5
Crewmember Applied Current, 6-5
Crewmember Protection, 6-
Emergenc ControI!Disglay Placement, 9-4
Envelope Geomelry, 85
tCre\1:v281tat1on Body Envelopes, 8-7
Genegral Maintainability, 12-1
Physical Accessibility,” 12-2 .
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Visual Access, 125
Equipment Mobility Aid,  11-20
Equipment Requirements (SMF%, 10-9
Central Supply, 10-10
Countermeasures, 10-10

Equipmen

Data Base and Communications Capability, 10-9
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Environmental Monttoring, 10-9
For Processing & Storage of Deceased, 10-11
Hyperbaric Treatment Facilities, 10-10
Intravehous Fluid Injection, 10-10
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Medical Life Support, 10-10
Pharmaceuticals, 10-10
Physiciang’s Instruments, 10-10
Ph¥S|0Iog|caI Monitoring, 10-10
Safe Haven Medical , 10-10
. Surgery/Anesthesia, 10-10
Equipment Resfraints, 11-16
Equipment/Supplies, 10-8
Exercise, 10-8
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EVA Anthropometry , 14-5

EVA Connectors, “14-16

EVA Enhancement Systems, 14-18

EVA Fasteners, 14-15

EVA General Safety, 14-1

EVA Mobility and Translation, 14-12
Airlock, 14-15
Equipment Transfer, 14-15
Mobility Aids, 14-13
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Translation Restraints, 14-15
Translation Route, 14-12
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Body Waste Management, 14-2
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Suit Pressure, 14-3
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EVA Workstation and Restraint, 14-5
Control and Dlspla1y, 14-5
Crew Restraint, 14-10
Equipment Tether, 14-12
Work Envelope, 14-5
Workstation |g'htin$, 14-8

Exercise Countermeasure, 7-3
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Fastener, 11-20
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Hand-Actuated, 11-22
IVA, 11-23
Tool-Actuated, 11-22
Fire Detection, 6-8
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Fire General, 6-8
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Protection System, 6-8
Fire Protection and Control, = 6-8
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Foot Restraint, 11-13
Donning/Doffing, 11-14
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General, 11-13
Loads, 11-14
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Food Packaging and Stowage, 10-8

Food Selection, Preparation, Cansumption,

Overall, 10-7
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Handhold and Handrail, 11-18
Coding, 11-19
Design Loads, 11-19
Dimensions, 11-18
Finish, 11-19
Mounting, 11-20
Temperature, 11-20
Handle and Grasp, 11-11
Dimensions, 11-13
General, 11-11
Location, 11-11
Nonfixed, 11-12
Hatch and Door, 89
Location, 8-8
Minimum Size, 8-11
Opening and (’:.IosingBMechanisms, 8-10
Operating Forces, 8-10 )
Pressure Hatch Indicator/Visual Display, 8-10
. Shape, 8-11
Hearing Conservation, 5-11
Impulse Hearing, 512
Infrasonic, Long-Term Annoyance, 5-12
Narrow-Band, Long Term, 5-12
Ultrasonic, Long-Tetm Anhoyance, 5-12
Wide-Band, Long Term, 5-11
Housekeepin 1341
Air Filter, 13-3
General, 13-1
Surface Cleaning, 13-1
Vacuum Cleaning, 13-2
Human/Workstation Configuration, 9-6
Hypertext, 9-83
Editing, 9-83
Graphics Editing, 9-84
Manipulating Data, 9-83
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for Dark Adaptation, 8-12
For Specific Tasks, 8-12
General Interior, 8-12
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Ingividual Crew Quarters, 10-6

Information Management, 13-4
Electronic, 135
General, 13-4
Hardcopy, 13-4

Inventory Control, ~ 13-3
General, 13-3
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Monitoring and Dosmetg, 5-20
Personnel Protection, 5-21
Protection, 5-20
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Keyboard, 9-29
General, 9-29
Layout, 9-28
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Labeling, 9-56

Alignment Marks/Interface [dentification, 9-58

Alphanumeric, 9-62
Caution and Warning Labels, 9-61

Contingency Labels and Marléigg Devices, 961

Display Label Placement ,
Equipment |dentification, 9-58
Failed/Expendable ltem, 9-60
Grouped Controls and Displays, 9-81
Location and Orientation Coding, 9-59
Operating Instruction, 9-59
Readability, 9-56
Scale Marking, 9-57
Standardization, 9-56
Stowage Container Labeling, 9-60
Labeling and Coding, 9-56
Coding, 9-65
Labeling, 9-56
Laundry Facility, ~10-11
Light Distribution, 8-14
Brightness Ratio, 8-14
Glare From Light Sources, 8-14
Reflected Glare, 8-14
Lighting, 8-12
Color, 8-14
Distribution, 8-14
Fixtures and Controls, 8-16
lilumination Level, 8-12
Medical, 8-1
. Workstation {llumination, 8-17
Locaticn Coding, 841
Alphanumeric, 8-1
By Color Coding, &-3
Directional Designation, 8-t
With Placards, 8-3
Long Term Mission Atmosphere, 5-1
Composition and Pressure,  5-1
Microbiological-Monitoring & Control, 5-4
Monitoring, 5-1
Toxicological Monitaring, 5-1
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Maintenance Controlsi_Disp!ags . 94
Maintenance Workstation, 9-9
Mechanical Hazards, 6-1
Burrs, 6-5
Corner and Edge, 6-1
Exposed Corner, 6-4
Holes, 6-4
Latches, 6-4
Levers, Cranks, Hooks, and Controls, 6-5
Mechanically Sfored Energy, 65
Protective Covers on Exposed Protrusions,
Screws and Bolts, 6-4
. Securing Pins, 6-4
Mlcrobioloﬂpal-Monitoring & Control, 5-4
) Microbial Decontamination, 5-4
MlcrograwB/ Countermeasure Facility, 10-8
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Equipment/Suppl 10-8
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 Program Administration, 10-9
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IVA Restraint Integration, 8-9
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Mounting Hardware, 11-9
Alignment Devices, 11-11
General, 111
Movement Within User interface, 9-81
Paging, 9-82
Requirements for Position Designation, 9-81
Scrolling, 9-82
Searching, 9-82

N

Neise Exposure, 5-11

Annoyance, 5-17

Hearing Canservation, 5-11

Moice Communication, 5-12
Nonexercise Countermeasures, 7-4
Nutrition, 7-1

Food, 7-1

Potable Water, 7-1
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Qrientation, 8-1
Crientation, 81

P

Packaging, 11-28
Personal Ancillary Equipment, 11-30
Personal Hygiene, /-4, 10-1
ody Grooming, 7-4
Clothing & Equipment Cleansing, 7-5
Grooming and Shaving, 10-3
Hair Cutting, 10-3

Qral Hygiene, 7-4, 10-3
Partial Body Cleansing, 7-4, 10-1
Water, 7-

Whole Body Cleansing, 7-5, 10-1
Personnel Restraints, 11-13

Body, -15
Foof, 1113
General, 11-13
Sleep, _11-16
Potable Water, 7-1
Quality, 7-1
Quanfity, 7-3

Temperature, 7-3
Pre/Post-Mission Health Management, 7-5
Preferred Control/Display Location, 93
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ReadabilitB_ 9-38
isplay Indicator Contrast, 9-38
Display Size, 9-39
lllumination, 9-38
Reflections, 9-38
. Vibration, 9-39
Real-Time Interaction, 9-74 .
Actions in Direct Manipulation Interface, 9-78
Command Keystrokes, 9-75
Cemmand Languag_e, 9-74
Data Forms/Form Filling, 9-78
Default Values for Data Forms, 9-80
Direct Manipulation, 9-77
Function Keys, 9-75
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Menus, 9-75
Permanent Menus, 9-76
Question and Answer 98-80
User-Computer Dlalogues 89-74
User-definable Macros, 98-80
User-Requested Menus, 977
With Windows, 9-78

Routine Health Monitoring, 7-5
Crew, 7-5
Environmental, 7-9
Water Supply, 7-8

]

Safe Haven Medical, 10-10
Contmgency Operation, 10-11
Nominal Operation, 10-10

Saving, 984

Sleep, 74

Space Medical Facility, 10-9
Environmental, 10-9
Equipment Requnrements 10-9

Stowage FaCIII 10-12
Strength, 1-1
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Testability, 12-6
Fault Detection and Isolation, 12-7
Test Point, 12-7
Thermal Environment, 5-21
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Temperature, Humidity, and Ventitation,
Teol, 11-1
Access, 11-3
Commonality, 11-1
Hand and Tool Integration, 11-1
Labeling and Identification, 11-3
Special Features, 11-3
Stowage, 11-2
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Touch Temperature, 6-8
Traffic Flow, 8-7
Congestion Avoidance, 87
Emergency and Escape Route, 8-7
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