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~ FOREWORD

This document was prepared by the Martin
Marietta Corporation under Contract NAS9-10761,
DRL Line Item 8, "Architectural/Environmental
Handbook for Extraterrestrial Design'', for the
Manned Spacecraft Center of the National Aero-
nautics and Space Administration.. The work was
administered under the technical direction of the.
Spacecraft Design Office with Mr, Clarence D,

- Council as the Technical Manager.



NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED Us BY
THE ‘SPONSORING AGENCY. ALTHOUGH IT
IS RECOGNIZED THAT CERTAIN PORTIONS
ARE ILLEGIB.LE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE,
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- ABSTRACT

- This handbook defines the environmental and space utili-
zation criteria for extraterrestrial design of spacecraft and
the effect of related environmental elements for providing an
- optimum habitat for man in space. Standards were developed
for the specific environmental elements of Lighting, Acoustics,
Temperature, Color, and Volume. The related environmental
elements, Texture and Design, Hygiene and Mess Provisions,
Dual Room Usage, Gravity, and Interrelated Environments,
were analyzed and their effect on the habitability for extrater-
restrial habitats and vehicles, - This effort was accomplished
under DRL Line Item 8 of Contract NAS9-10761,
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INTRODUC TION

General

The data and concepts presented in this handbook have
‘been selected and developed for the purpose of estab -
lishing desirable standards of habitability for extrater-
restrial habitats and vehicles. The minimum values
given are to be used only when power is critical and
performance can be compromised or in emergency
situations. It should also be noted that the designer
could select all optimum environmental values for a
specific area, but because of mission objectives or the
crew's personal taste, the area is not the optimum habi-
tat. Therefore, the criteria, as presented, are not in-
tended to be construed as absolute requirements, but
are to be used as a guideline in determining the best
habitat for the designer's particular mission objective.
Another consideration is that the designer should pro-
vide a variety in long term spacecraft by purposely
changing environmental criteria and the decor.

So that the standards would have a broad range of appli- .
cation to extraterrestrial vehicles over the next twenty

- years, all standards of criteria are plotted for crews
from 2 to 100 and for mission durations from 7 to 1040
days. The rationale for the criteria presented in this
report is based upon a combination of terrestrial modu-
les, standards, and the best known psychophysiological
data on personnel confined in terrestrial environments,
This data has been extrapolated to cover extraterrestrial
environments of long duration. The establishment of
these criteria was made with the consideration of person-
nel first, equipment second. '

Since there is not an exact earth model that will simulate
both the type of personnel and the long-duration closed
environment experienced in extraterrestrial missions, it
will be necessary to continually evaluate the standards re-
commended herein. For example, in the area of zero-gra-
vity standards, it is essential that a great deal of data be
gathered relative to spatial perception, visual orientation,
modes of transportation for individual and groups, etc. As
new data becomes available, the handbook can be updated

in that specific area without affecting the rest of the handbook.

{



3.1

3.2

- 1-2

Format

The handbook is organized as simply as possible, using
the section number and subsection alphabetical notation
as the basic organizational element, The subsection al-
phabetical notation is organized in numbered paragraphs
and subparagraphs for ease of reference and use, To
facilitate cross-referencing between this handbook and
the Rationale Handbook, identical sections and subsection
headings are used in both books.

Illustrative material such as table, nomographs, drawings,
and figures are presented as integral parts of the sections
and subsections., They are identified by the number of the
section, the alphabetical letter of the subsection, and the
number they appear in the section or subsection by con--
secutive numbers. Tables and figures are each numbered
separately to avoid confusion with references.

Reference material such as technical reports, journal
articles, books, eic., are assigned alphanumeric identi-

- fication in sequence for the section or subsection they

first appear. The lest of references will be at the end

_of each subsection and will be referred to by identification

only; e.g., "Ref, A.7...'" or Extracted in part from Ref.
G.3...", as appropriate.

Use of Handbook

{
The handbook is divided into four sections, to refiect the

intended use of the handbook by the user..

Introduction, Section I

This section gives the purpose and the intended use of
the handbook. In addition, the format is discussed and
a summary of the type of data in each of the remaining
three sections is presented.

1

General Design Criteria, Section II

The individuals desiring information as related to one
specific criteria such as acoustics, would utilize Section
II, General Degign Criferia. In this section the data and
concepts are presented by criteria. Those individuals
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desiring information relative to the data sources rationale .

which served as a basis for the recommendations present-’
ed should refer to the rationale volume which is organized

by paragraph numbers parallel to the handbook general
design.

Crew Area Criteria, Section III

For designers requiring criteria relating to a specific
activity center such as the dining area, Section III is
so organized. This section has been organized in this

"manner to reduce redundancy in looking up the various |

criteria each time the design initiates would have ques-:
tions on a new activity area or each time the mission
parameters change. '

Criteria Usage, Section IV

This section provides an example of how the criteria
provided in Sections II and IIl can be applied to a speci-
fic mission model specification. As presented in the
example, one should start with the optimum requirements
with the flexibility to compromise as the governing res-
trictions become known,

The following two tables, Table I-1, "Frequency of Usage
by Mission Model', and Table I-2, '""Crew Areas by Mis-~
sion Model", are included to provide a reference for crew
time by area and mission model. These are not intended
to be concrete requirements, but were to be used as a .
guide for determining the standards and concepts of this

study. i
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i

Table I-1 Frequency of Usage,‘!t;y Mission Model

Hours per Day in Crew Areas
Logistics /| |Earth Orbital Planetary
_Spacecraft Space Station |[Space Vehicle
A REA Nom, Nom, Nom,
Work- |Off-Duty]W ork- |Off-DutyjWork- |Off-Duty
day Day* | day Day day Day °

LIVING AREAS
Lounge
Recreation
Passageways ' N
Study or Library
Bedroom 1 8
Bathroom 1
Conference

FOOD PREPARATION
AND SERVING
Kitchen
Dining Room
Food Storage,
Snack Bar

SERVICES
Laundry
Briefing Room .5
Locker Room
Theater
Dispensary
Chapel
Barber

. Supply

Maintenance

Equipment -

Gym

Power

WORK AREAS
Control Room
Airlocks
Inspection
Photographic Support

Animal Housing
Dockin%
Agricultural Study
Computer
Offices
Laboratory
Shops
Communications
*It ig assumed that no off-duty day will N = nominal time period (less
occur on Logistics Spacecraft than 2 hours per day -
time in area would depend
on duties fq’r that davy)
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Table I-2 Crew Areas by Missgion Model

Mission Models
A R E A Logistics {Earth Orbital| Planetary
Spacecraft |[Space Station |Space Vehicle
LIVING AREAS C ' -
Lounge NR D D
Recreation ‘NR R R
Passageways D R R
Study or Library NR R D
Bedroom D. R R
Bathroom D R R
Conference " NR -D D
FOOD PREPARATION
AND SERVICE
Kitchen D R R
Dining Room D R R
Food Storage R R R
Snack Bar NR D D
SERVICES .
Laundry NR R R
Briefing Room NR D D
Locker Room NE D D
Theater NR D D
Dispensary NR R R
Chapel NR D D
Barber NR R R
Supply NR R D
Maintenance NR R R
Equipment NR R: R
Gym NR D D
Power NR R R
WORK AREAS :
Control Room 'R R R
Airlocks R R R
Inspection NR D D
Photographic Support NR R D
Animal Housing NR D D
Docking R R R -
Agricultural Study NR D D
Computer NR R D
Offices ~ NR D D
Laboratory - NR R D
Shops NR R D
Communications NR D D

LEGEND: R = required
: NR = not required )
D = desirable but not absolutely required
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GENERAL DESIGN CRITERIA

1.1

II
1,0 Introduction
This section has been developed in order to provide the
designer with a general understanding of the effect and
importance of the below listed environmental e€lements
on habitability:
Specific Environmental Elements Related Environmental Elements
A, Lighting F.  Texture and Design
B. Acoustics ' ~ G. Hygiene and Mess Provisions
C. Temperéture . ~ H, Dual Room: Usage
D.. Color I. Gravity
E. Volume J. Interrelated Environments

Each of the specific environmental elements, A through
E, is discussed in relation to applicable terminology,
physiological and psychological effects of the environ-
ment on man, and how man is to control these elements
in order to optimize his environment. The related en-
vironmental elements, F through J, are discussed and
their effects in creating an optimum environment for
man in a confined spacecraft, These related elements
are more subjective than the specific elements since '
there are no specific values for such items as the
interrelationship of the environmental elements. How-
ever, these related environmental elements cannot be

" overlooked when determining an optimum environment

for man.

Background Data

Background data in terms of references and concept
development are provided in a separate rationale book.




The rationale book will present the justification for

the standards and concepts presented in this handbook.

~ To facilitate cross-referencing between the Handbook
and the rationale book, identical section, subsection,
and paragraph headings are used in both,

(RS ST G
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LIGHTING

Introduction

Both the proper quantity and proper quality of light
within an enclosed habitat and in the total seeing environ-
ment create an atmosphere which has a positive effect on
the health, safety and comfort of the personnel. Thus,
proper lighting improves personnel morale, motivation,
and output efficiengy. Poor visual environments caused
by low levels of illumination, glaring fixtures, and high-
ly reflective surfaces will affect personnel visual per-
formance, This directly affects the speed and accuracy
with which he must perform his required tasks. In addi-
tion, it will also cause reduced alertness due to eyestrain
and fatigue, thus increasing the change of an accident,

It is therefore apparent, lighting design encompasses
considerably more than the specification of illumination
levels. It collectively involves consideration of the total
luminous environment in which inhabitants of the closed
environment must live and perform their various tasks.,

Definitions

Light

That part of the radiant energy spectrum which can be
seen by the human eye. The electromagnetic spectrum-
includes radiant energy of many wavelengths, but only a
narrow band, from about 400 to 700 millimicrons, is
visible to the normal eye for vision,

Candela

Unit of luminous intensity of a. light source in a specified
direction. Defined as 1/60 the intensity of a square centi-
meter of a black body radiatcr operated at the freezing
point of platinum (2047°K).
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2.7

2.8

2.9

Lumen

A unit to measure the ’inte'nsity of luminous output of
lamps and luminaires. Defined as the rate at which
light falls on a 1 square foot area surface which is
equally distant one foot from a source whose intensity
is one candela. '

IIlumination

Amount of light incident upon a surface measured in
foot candles.

Foot Candle

The measure of illumination at any point that is a distance
of one foot from a uniform point source of one candle
power. It is also equivalent to a density of one lumen
uniformly distributed over an area of one square foot.

Brightness

That which the eye actually sees and is the result of
light being reflected or emitted by a surface directly
into the eye. Measured in foot lamberts or candelas per
square inch,

i
Foot Lambert |

-The measure of brightneés of a surface, when viewed

from a particular direction, emitting, or reflecting
one lumen per square foot.

Contrast L A !

A measure of the brightness of an object compared to
its immediate surroundings. ‘ ‘

Reflectance
The ratio of the flux refiected by & surface or medium

to the incident flux, In simplified terms it is the ratio
of the brightness to the illumination.
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Gl:’:\re :

The sensation produced by brightness within the visual
field that are sufficiently greater than the luminance to
which the eyes are adapted to cause annoyance, discom-
fort or loss in visual performance and visibility.

Visual Acuity

The ability to distinguish fine details. Quantitatively,
the reciprocal of the angular size in minutes of the
critical detail which is just large enough to be seen,

Lamp Source

A generic term for an artificial source of light.
Luminaire

A complete lighting unit consisting of a lamp, or lamps
together with the parts designed to distribute the light,
to position and protect the lamps, and to connect the

lamps to the power supply.

Color Temperature

.

As applied to a light source, refers to the absolute tem-
perature in degrees Kelvin of a theoretical black body or
full radiator whose color appearance matches that of the
source in question.

Factor Detailed Discussion ’ .

General

Pt

Lighting standards tend to emphasize only the quantity |
aspects of lighting design. Of equal, or perhaps, greater
importance is the attention given to the quality and the ]
integration of the total seeing environment. No amount 4
of light can compensate for poorly placed lighting or ;
poorly shielded sources. The optimum condition for f-
glare, either direct or reflected, is total absence or
elimination. Most standards for quality in lighting are
concealed in the various recommended lighting practices
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3.3

3.3.1

publications, ﬁowéver, the rules are quite simple and
easy to follow. - '

Quantity of Lighting

The quantity of light should be tailored to the seeing
tasks involved. This is accomplished by specifying the
illumination on a surface as measured in foot candles.
Table II-A-1 presents some general illumination levels
for various seeing tasks. See Section III of this docu-~
ment for particular crew area illumination requirements.

Quality of Lighting

The quality of light refers to the proper distribution and
control of light within the habitat. This requires the
proper balance of brightness in the whole visual environ-
ment,

Brightness Ratios

Excessive brightness ratios in the field of view, or
brightness contrasts between adjacent surfaces, even
though not severe enough to be called glare, may be
seriously detrimental to lighting quality. A high bright-
ness of the task with a comparatively low brightness of
the surroundings is undesirable, since it forces continual
adjustments of the eyes from one brightness level to the
other., Brightness in the peripheral field higher than the
brightness of the task tends to attract the eye away from
the task. For these reasons it is desirable to maintain
a comfortable balance of perceived luminances in the
luminous environment to prevent eye fatigue,

The brightness or luminance of a surface can be appro-
ximated by taking a reading with a standard light meter
held approximately 2 to 4 inches from the surface, If
the meter reading from the task is 100 and a reading -
from the surrounding surface is 50, the brightness ratio
is 100:50 or 2 to 1. Recommended maximum brightness
ratios are provided in Table II-A-2,



Table II-A-1 General Illumination Levels for Various Tasks .

Task :
(Seeing) Description

Illumination

Desirable
Max. Range Min,

General General lighting requi- 10 5-10 1

general maintenance.

rements for proper iden-
tification of {items and

Casual Suitable for relaxing 30 20-30 10

movement of people.

or reading. More de-
tailed maintenance and

Functional Emphasis placed on ef
ciency and functional
aspects, Investigati

‘|periments and animals

and observation of ex~-

£i- 70 "50-70 20
on

-

Medium Detail |Detail inspection and

reading small markings.

100 50-100 30

Fine Detail Fine detall on intri- 1000 500-1000 100

cate tasks ezamining
human patients. Gene
rally short duration.

N

Table II-A-2 Maximum Brightness Ratios

Condition Between Task and
Surfaces/Surroundings

Maximum Brightness Ratio for
Optimum Seeing Conditions

Adjacent darker surroundings
Adjacent lighter surroundings
Remote darker surfaces

Remote lighter surfaces

Luminaires and surfaces adjacent

Within normal field of view

3tol
1 to 3
10 to 1
1 to 10
20 to 1

40 to 1

.

o
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Glare

Substantial losses in task contrast, hence, in visibility
and visual performance, can result when light sources
are reflected in specular or semi-specular visual tasks.
This effect can be insidious in the fact that it can occur
even in seemingly matte -type tasks, Table II-A-3 lists
types of surface reflectances., Table II-A-4 lists types
of glare and provides suggestive reduction methods,

Reflectance

The reflectance of the ceilings, walls, floors and fur-
nishings contribute significantly to the general illumina-
tion level. As the reflectance of a surface is increased,
its brightness is also increased. This makes it essen-
tial to pay particular attention to the brightness ratio

of all visible surfaces so visual comfort is maintained.
See Section III of this document for particular crew area
reflectance requirements. (Ref. II-J-4, II-J-5, II-J-6)

Illumination Methods

There are five general illumination methods as shown
in Table II-A-5, : .

Lamp Sources

The various lamp sources are shown in Table II-A-6.
Table II-A-7 is an indication of these lamp sources per-
formance characteristics and Table JI-A-8 is an evalua-~

- tion of the various lamp sources. The results of the

lamp source evaluation is provided in the summary,
Table H“A‘go

Luminaire Types ) | )

The types of luminaires that will distribute light are
described in Table II-A-10 and evaluated in Table II-A-11.

" Light Loss Causes

Table IT-A-12 lists various causes of illumination re-
duction levels. '
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Table II-A-3" Typés of Surface Reflectances

Type Surface
,‘ﬁiffuse \\ Rough,’irregular particles
(matte
-surfaces)
Specular Indicent light on polished surface such as
_ ' mirror, that is reflected at an angle equal
to angle of incidence.
Cpmpound Surfaces which are a combination of diffuse:
and specular,
Table II-A-4 Glare Reduction Methods
Type Description Reduction Methods
Direct (source) |Avoid bright light sources within 60 degrees

of the center of the visual field.
Use indirect lighting.

Use several low-intensitj sources rather than
one high-intensity source.

Lights placed high and directly above task
area.

1

Use shields, hoods, and visors to keep direcﬁ
light from source out of viewers eyes.

Indirect

Use diffuse light. E

Use dull, unpolished surfaces.

Place direct light source so that viewing
of task area is not equal to the angle of |
incident.
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Table II-A-5

/,,

INNlumination Methods

Description ,

Method
Direct (s 0-10%
(lamp) £2)
2N
//////IIII%\}\\\\‘,
///”\\\ 90-100%
(task area)
Indirect (surface) 90-100%
/T
N/
(lamp) T 0-10%
(task area)
Diffused . 40-60%
1 = = I
(el P S L
(tas¥ ‘akda) 40-60%
Semi - (surface) 10-40%
Direct
\ /
7R
(1amp)i:///:—7“\\$§_ 60-90%
SIS
(task ared)
Semi- 60~-90%
Indirect

10-407%

Comments

W

90-100% of the output travels di=-
rectly from the source to the task
area., Maximum light, but has un~
desirable characteristics of bright-
ness contrasts, shadows and glares.

90-100% of the output is directed
toward ceiling or away from task
area. Less efficient since more
power required for same i1llumina-
tion level. Eliminates shadows and
glare and distributes light evenly.

Source enclosed in translucént bowl
so that light is scattered evenly.
More efficient than indirect but
does cause glare and shadows.

60-90% directed toward task area.
Combines advantages of direct and
diffused illumination methods.

10-40% directed toward task area.
Combines advantages of indirect
and diffused i1llumination wethods.
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Table II-A-6 Lamp Sources

Lamp

Description

Incand escent -
general service

Incandescent -
tungsten-halogen

Fluorescent

High Intensity
Discharge (HID)

A lamp in which light is produced by a filament
heated to incandescence by an electric current,

A regenerative lamp in which light is produced by
heating of a metal filament. It contains a halo-
gen (Iodine) atmosphere enclosed in quartz, This
provides redeposition of tungsten back to the fila-
ment to achieve extended filament life.

A low-pressure mercury electric-discharge lamp
in which a fluorescing coating (phosphor) trans-
forms some of the ultraviolet energy generated
by the discharge into light, Colors are produced
by use of special phosphors which convert the
ultraviolet energy within the lamp to visible light
of the desired wavelengths.

Lamp that produces light by establishing an arc
between two electrodes located a few inches a-~

| part in opposite ends of a small, sealed, trans-

lucent or transparent arc tube., The arc of elec-
tricity generates heat and pressure high enough

to vaporize the atoms of various metallic elements
contained within the arc tube, This vaporization
causes the atoms to emit large amounts of elec~
tromagnetic energy in the visible range. These -
types include mercury, metal halide and high
pressure sodium types.

RN -



Table II-A-7 Genefal Lamp Source Performance Characteristics

\
3

Luminous Efficlency Max., Lumen - Life at
Power [Maz., Lumen/| Maintenance Rated Voltage
SOURGCE (watts) | watt (% at end of life) (hr)
Incandescent
a) general service 40 11 80 1000~1500
100 17 80
b) tungsten-halogen 500 20 94 2000~4000
Fluorescent
type cwW 20 45 90 9000
CWX 20 28 90 9000
cwW 40 64 90 18000+
CWX 40 44 90 18000+
High Intensity Discharge
Deluxe White Mercury 100 33 75 24000+
250 38 75 24000+
Metal Halide 400 63 50-55 7500
High Pressure Sod{um 400 92 85 6000

e 5 e .. . A....b.,,_.,,_u. e et

21-2
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Table II-A-8 Lamp Source Evaluation

Source

Evaluation

Incandescent =~
general service

Color acceptance is excellent. Flattering to skin
tones. Source is strong in the red end of spec-
trum (longer wavelengths), weak in the blue end of
the spectrum.

Compact source lending itself to optical systems
and projection.

Available in any wattage and physical size and
shape.

Brightness is readilj controlled over infinite
range by simple voltage control (dimmer).

Operates on DC or AC (any frequency) equally well.

Susceptible to shock and vibration (filament sag-
ging or shorting). i

Reldtively insensitive to operating environment
temperature.

Viﬁration and rough service lamps are available.

Additional filament supports cool filament tem-
perature and reduce luminous efficacy.

No radio interference with equipment.

No hazard other than broken glass; no mercury con-
tamination. Lamps available with protective non-
shattering plastic coating.

Available in most common voltages.

Excellent heat source.

Incandescent -
‘tungsten-halogen

Same comments as for general service except as
follows®

No bulb blackening due to tungsten-halogen cycle.
Bulb temperature must be maintained at 250°C mini-
mum temperature for cycle to operate. Lamp (long,
linear filament types) must be operated within 4°
of horizontal; not a necessary limitation with
short, compact filament types.




Table II-A-

2-14.

Lamp Source Evaluation (continued)

Source

Evaluation

Incandescent -
tungsten-halogen
(con;inued)

Available in double-ended, linear bulb configura-
tion; increasing expansion of product line includes
jacketed lamps, reflector lamps, and compact sou-
rce lawps that can be operated in any position.

81ight danger to UV radiation (quartz envelope) es-
pecially when operated at overdvoltage or high
color temperature.

More rugged than general service lamps due to addi-
tional filament supports.

Fluorescent

Requires auxilliary equipment (ballast) for start~
ing and limiting of lamp current.

Range of colors avallable is excellent. Standard
cool white and warm white lamps have very good
color acceptance although object colors tend to
have a washed out appearance. Skin complexions
can be sallow. Excellent color rendition can be
achieved with deluxe color lamps at the expense of
approximately 307 reduction in luminous output.

Lamps are long, linear, low brightness source which
does not lend itself to optical systems or projec-
tion. Lamp brightness must still be shielded for
glare control. \

DC operation is possgible but limited by polariza~
tion of lamp and relative inefficiency of current
1imiting device (ballast). Development of solid-
state inverters has allowed efficient operation of
fluorescent lamps from DC supplies. Low voltage
systems avallable on same basis.

Operation at high frequency results in improved
luminous efficacy., Ballast size and weight is re~
duced. o

Possible mercury contamination if lamp envelope
would break.

Dimming possible with proﬁerly designed auxiliary
equipment although not as flexible and reliable
as incandescent dimming.

TR TIAC o LS T S R MW e S Y X SRS T T RN 1 N e e NG T O PSS T D ey e
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Table II-A-8 Lamp Source Evaluation {continued)

Source " Evaluation
| Fluorescent Some minor. amounts of GV radiation; glass envelope
(continued) contains most. Special composition glass envelopes

available for passing UV radiation for photo-biolo-
gical needs 1if required.

Fluorescent lamps are very sensitive to ambient
temperature changes with light falling ofif with
either increased or decreased temperatures from
optimum,. '

Electrodes are fairly rugged and resistant to
shock and vibration. :

Possible radio-frequency interference with sensf;
tive equipment; proper shielding of lamp and fil-
tering of power supply can eliminate.

High Intensity
Discharge - mercury
| vapor '

special lamp construction to avoid polarization

Requires auxiliary equipment (ballast) for start-
ing and operation.

Clear lamp is excellent compact source for optical
systems and projection but color is unacceptable
due to blue-green appearance (lack of red color).
Phosphor coated lamps (specifically, Deluxe White)
has color rendition comparable or slightly better
than Standard Cool White fluorescent, but phosphor
coating increases the source size significantly to
reduce its efficiency in optical and projection
systems. ‘

Extremely rugged construction. '
Cannot be dimmed. S |

DC operation would require solid-state inverter
systems. Straight DC operation would require t
£

lamp electrodes. f

Operation at higher frequencies results in high;L
efficacies. However, at certain frequencies sté§d~
ing waves occur in the arc tube which extinguish
the arc. '
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Table II-A-8

Lemp Source Evaluation {concluded)

Source

Evaluation

- High Intensity
Discharge - mercury
vapor (continued)

Momentary power Interruption results in lamp being

extinguished. 10-15 minutes required before lamp
will restrike. Auxiliary incandescent or fluores-
cent sources would have to be available during this
period. -

Double-jacketed lamp construction filters out most,
if not all, OV radiation. Lamp is insensitive to

| ambient temperature variations, although extremely

low temperature operation would require special low
temperature ballast for starting.

Mercury contamination would be a problem.

RF interference might be a problem with certain
types of electronic equipment. Could be screened
without much effort. :

KID Metal Halide
and High Pressure
Sodium (additional
comments)

Momentary power Interruption results in the lamp
being extinguished. The high pressure sodium lamp
restrikes within several minutes, the metal halide
lamp, 10- 15 minutes.

The -high pressure sodium lamp requires a specilal
high voltage (20,000 v) surge for starting purposes.
This is provided by a special circuit within the
ballast housing.

Available only in higher wattages.

Reliability of performance has not been as well
established as with mercury vapor and fluorescent
lamps.

Both are clear jacketed lamps having small compact
arc tubes that lend themselves to optical systems
and projection. :

Color renditfon of the metal halide lamp 1s very
good. The high pressure sodium lamp has a defi-
nite yellow or golden appearance which might
bother some people in interior applications.
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Table II-A~9 Lamp Source Evaluation Summary

Rating Scale

1 - Optimum

2 - Acceptéble

3. - Some Comprémise
4 - Undesirable

5 - Unacceptable

- Incandescent - General Service

Incandescent - Halogen Cycle

Fluorescent = Standard Colors

Fluorescent - Deluxe Colors

Mercury Vapor - Deluxe White ~ HID

Metal Halide High Intensity Disch.

High Pressure Sodium - HID

Efficacy, lms/watt
Life, rated

Color
Acceptable

Flattering
Color Rendering

Optical Characteristics
Point Source
- Large Source, low brightness

i

Projection

. Appearance
Warm

Cool
Luminaire Characteristics

Auxiliary Equipment
Size

Weight
ivLumen Depreclation
sCosts, first
: operating
.Ruggedness
Effects of ambient cond.

v
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Table II-A-10 Luminaire Types

. Luminaire Description

.
Recessed Mounted above ceiling or behind a wall or

other surface with the opening of the 1l1-
luminaire level with the surface.

Surface Mounted Mounted directly on the ceiling or surface.
Pendant Mounted Mounted on an extension type structure.

Cone Comprises light sources shielded by a ledge

. or recess that distributes light over the
shield (example: over the ceiling and up-
per wall)

Luminous Celling Ceiling area lighting system comprising a

' continuous surface of transmitting material
of a diffusing or light controlling charac~
ter with light sources mounted above it.

Retractable ' Lighting which can be maneuvered for loca-
lized needs.

Portable Mobile~type lighting for localized needs.

s
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Table II-A-11 Evaluation of Luminaire Systems

Surface Mount-
ed Lighting

Pendant Mount-~-
ed Lighting

Cove Lighting

Luminous
Ceilings

Retractable

Lighting

Portable
Lighting

projections. Sealed units
to minimize dirt deprecia-
tion. Available in combi-
nation air handling units.
RF interference can be ef~-
fectively shielded.

Requires no space above
plane of ceiling. Can
provide light on adjacent
ceiling to help improve
comfort, Maintenance will
be easy. RF interference
can be effectively shield-
ed.

Maximum utilization of
light from luminaire.
Lends itself to indirect
lighting. Minimizes tem=-
perature problems within
luminaire.

May be one of most effec-
tive. Can be very comfor-
table.

Low brightness ana excel-
lent uniformity of light-
ing levels,

Combines advantages of
suspended and recessed
lighting. Excellent for
placing localized -light-
ing where needed.

Excellent for localized
lighting.

Luminaire .
System Merits Deficiencies
e —— -
Recessed’ Luminaires flush with room | Generally provide little
Lighting surfaces, no dangerous light on ceiling to minimize

brightness contrasts. Main-
tenance from room below

might be difficult. Requires
space above plane of ceiling.

Appearance may be objection-
able, not a clean look. Can-
not be combined with air
handling equipment.

Not feasible in low ceiling
areas. Possible dangerous
projections within room.
Cannot be combined with air
handling functlons.

5

Design information available
minimal,

Excellent 1llumination but
very bland and uniform.
Might be too expensive.

Greater maintenance problems.
Expensive. Additional weight
of retracting mechanism.

Provide means for securing
in position. Power cord
necessary.
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Table II-A-12 Light Loss Causes

Cause
s et

. Remarks

Lamp Lumen Depre-
clation ‘

Luminaire Dirty

Lamp Outages

Luminaire Surface
Deterioration

Room Surfaces
Dirty

Temperature and
Varlation

——

As shown in Table II-A-7, there is a normal loss of
light output as the lamp source ages, To maintain
the desirable level, the design foot candle level
should be increased to allow for this aging.

As luminaires become dirty, their reflectance char-
acteristics are decreased, This prevents the pro-
per designed light distribution about the environ=-
ment.

As shown in Table II-A-7, there 1s a definite life
of a lamp source as defined by the number of hours
of 1ife. This aging is a maintenance problem
which must be considered for both replacement and
disposal,

-|As luminaire surfaces deteriorate, less light is

reflected, thus preventing light distribution as
originally designed. :

As with luminaires, as surfaces become dirty,
thelir reflectances are changed. Thils causes varia-

‘tion of light distribution with the original de-

sign. ’

Variation ip voltages can change the operating
temperature of a lamp source. This can cause
variations in color output of the lawp that changes
the illuminsation. levels.
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Color Temperature in Lighting _ ;

All objects will emit light if they are heated to a suf-
ficiently high temperature. As the object is raised in
temperature, the color of the light emitted from it will
change. Table II-A-13 is color designations for various
black body temperatures, Technically, a color tempera-
ture designation can only be applied to incandescent
sources and, as such, it is the specification of both the
degree of whiteness and the spectral energy composition

_of the source. However, the term ''apparent color tem-

perature' is often used to specify the degree of white- !
ness of fluorescent lamps as well as mercury vapor lamps,
etc, '

Table II-A-13 Color Témpe rature Designations

Black Body
Temperatures Color Designation
°K
300 Black
800 Red
3000 Yellow
5000 White .
8000 Pale Blue
60, 000 Brillant Blue

Some lamps tend to flatter object colors which is another
way of saying they emphasize the dominant color of the
object while deemphasizing complementary colors.

Table II-A-14 are the color atmosphere effects of a |
few fluorescent sources as an example, '

‘Table II-A=14 Fluorescent Color Atmosphere Effects } :

Fluorescent Lamp Designation Atmosphere Effecty
Warm White WWwW 1 Warm i—’
Deluxe Warm White CWWX Warm
Cool White CwW Neutral to Moderate -~

_ 1y Cool
Deluxe Cool White CwX Neutral to Moderate-~
ly Cool

White w : Moderately Wasrm
Daylight D Very Cool
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People are emotionally responsive to their surroundings,
and color is one of the chief characteristics of those sur-
roundings. Every light source produces light of distinc-
tive color spectral characteristics. This requires that
when selecting or comparing colors for any purpose, uti-

- lize the type of light source under which the colors are

ultimately to be seen.

Crew Area Factors in Lighting

Table II-A-15 provides various crew area requirements
in lighting.

Ps ychophysiological Effects

General

The problem of creating a luminous environment that is
conducive to high personnel morals and, consequently,
high productivity, is more than just providing adequate
lighting levels for performing individual work tasks,
Within the framework of required lighting specifications,
visual interest must be created.

Moods . . .

First impressions of rooms have to be positive to pro-
vide the proper incentive to the occupants to encourage
optimum performance. Table II-A-16 provides various
psychological moods in lighting.

Emphasis

To create various psychological architectural emphagis
in lighting, refer to Table II-A-17, :
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Crew Area Lighting \Requirements

Crew Area

Requirements

Applications

Public Areas - Re-
laxation Includes:
Lounge, Snack Bar,
Recreation Room,
Gym, Locker Room,
Chapel, and Dining
Room

Public Areas =~ Work
Areas Includes:
Communications,
Computer, Control
Room, Briefing
Roowm, Library, Of-
fices and Labora~
tories :

Living Areas - In~
cludes: Bedroom,
Bathroom and Study
Room .

Transition Areas -
Includes: Passage-

ways, Halls, Stairsjareas both in lighting

Elevators, Alr
Locks and Docking

leritical nature.

" [visual interest.

Visual tasks are not cri-
tical. Prime emphasis’
is on relaxation, change
of pace lighting., Light-
ing must have capability
of being adjusted or
varied. Localized light-
ing for creating visual
centers. Lighting levels
match activities. Deluxe
colors desirable.

Visual tasks are of a
Light~
ing levels must be. based
on effective foot candles
which can be measured in
actual situation (proto-
type). Lighting must
have -subtle variations
from space to space. Lo-
calized lighting to in-
crease levels on severe
visual tasks and to cre-
ate visual centers. De-
luxe color lamps enhance

Visual taskes may or may
not be of critical nature,
Lighting‘colors should be
flattering and relaxing.
Good lighting essential
for personal hygilene.
Lighting should be adjus-
table to individual tas-
tes and requirements,

Lighting must provide
smooth transition between

levels and colors.
Lighting must be adequate
for avoilding obstacles
and general safety.

Work in psychological as-
pects of lighting very
limited., Difficult to
specify perceived visual
pleasantness,

Veiling reflections can
be severe and reduce ef~-
fectiveness of lighting
levels, Uniform lighting;
while necessary, can be
boring or monotonous.
Deluxe color lamps have
lower efficacies.

%
Personal lighting should
not interfere with or be
imposed on others.

Redundant systems and
emergency standby power
should be available to
provide safe movement in
case of crisis,
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Table II-A-15 Crew Area Lighting Requirements (continued)

Crew Area . Requirements . Applications .
7
‘Service Areas - | General lighting must pro-|Specular reflections from
Includes: Kitchen,|vide sufficient levels metallic surfaces may

Bq;bershop, Dis- . |with supplementary light~ |cause difficulty in see-
.- pensary, Laundry, ing for specific visual -|ing tasks. Special

' f?hotographic, tasks of severe nature. lighting techniques for
. ihops, and Inspec- |Lighting is functional in |specific tasks and in-
tion ~ | concept with attention spection jobs may have

given to maintenance. De-|to be provided. Dark-
luxe color sources may be {room lighting would be
critical in specific app~- |provided by proper £fil-
lications. Lighting is tering of standard sou-
for safety of operations |rces, Filters, especi- !
in each area. - lally dichroic types, '
would provide proper
color temperature and
heat rejection for oper=-
ating and inspection
lighting in dispensary.

Maintenance Areas -{Lighting levels are gener-|Rotating equipment may

Includes: Supply, |ally minimal with supple- |be subject to strobosco-

Power, Mailntenance,|mentary lighting for cri- |pic effects with dis-

Storage and Equip=- |tical tasks. Emergency charge sources.

ment lighting must be avail-
: able in power and equip-

ment areas. Color code

- equipment and areas for
safety.
Agricultural Lighting levels must be Growth chambers require
‘| Areas adequate for hygliene and |special spectral compo-

safety. Control must be .{sitions of light. )
provided for creating
time~-light cycles. i




Table I-A-16 Psychological Moods in Lighting
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Mood

Lighting

Gai;ty

Solemnity

Restfulness

Activity

Warmth

Coolness

Human Complexion

Dramatizé Color
of Object

Prevent Fatigue

‘IColors at cool end of spectrum, such as blue,

‘ Lighé tints of red, such as pink and rose, improve

. |Spotlight by a beam of light of same color.

Higher levels of illumination with color and move-
ment. Changing effects of color and changes in 1il-
lumination should not be sudden, but should be smooth
and stimulating.

Subdued patterns of light with emphasis at dramatic

points. Color should be used sparingly and with at-
mospheric effect. Changes of illumination should be
imperceptible.

Low brightness patterns, no visible light sources,
subdued color, dark upper ceiling, and a low wall
brightness, decreasing upward to the ceiling.

Higher levels of illumination, with proper local
lighting for the more difficult visual tasks.

Colors at the red end of spectrum: red, red-orange,
orange, yellow, amber, gold and pink.

blue~-green, green, magenta, violet. These colors
mixed with white produces various cool tints.

human complexion and produce pleasant effects,
Blue, blue-green, purple and green detract from
the human complexion, and produce ghastly effects,

Avold use of intense red, blue or purple light,

. Table II-A-17" Psychological Architectural Emphasis

Emphasis on increasing Lighting Pattern

‘Height

Width

Length

Verticle lighting patterns from floor to
celling.

Accentuate lines of light across room, on
both walls and ceilings.

Use lighting lines that glve perspective
such as parallel, longltudinal lines.
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No., of Luminaires =

where:
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Sample Calculations

Illumination Calculations

‘Examples are given here of the basic calculations used

in determining the number of luminaires necessary to
achieve a given illumination level. Of primary impor-
tance is not the equations themselves, but the influence
each factor in the equation plays in the final determina-
tion of the required number of luminaires. Two methods
are presented: the lumen method that is generally used
in determining the average illumination within the room;
and the point-by-point method which is used to determine
the illumination at a specific point due to one or more
luminaires.

The Lumen Method

E x Area -
(No. of Lamps/Luminaire}(Lumens/Lamp)

1
(CU) (LLD) (LDD)

E = Maint_ainedfoot candles

Area = Area in square feet of the working surface;
typically room wi"c‘_ith x room length

No. of Lamps/ Luminaire is obtained from luminaire
description.

CU = Coefficient of Utilization; the percentage of light
leaving a luminaire and eventually reaching the
working surface either directly or through inter-

. flections. Luminaire manufacturers provide this
information in tabular form for their equipment.
The CU table is calculated from photometric data
of the luminaire,

e
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LLD and LDD = Lamp lumen depreciation and luminaire
dirt depreciation, Taken together these
* two factors relate initial foot candles to
maintained foot candles. This informa-
tion may come from the manufacturers'
catalogs or from typical data presented
in the 4th Edition of the IES Lighting
\ Handbook, pages 9-16 and 9-17.
The lumens per lamp or luminous efficacy of the light
source plays a direct part in determining the number of
luminaires. A high efficacy source, such as the fluores-
cent lamp, would require fewer luminaires, and conse-~

quently, lower power requirements than a lower efficacy '

source, such as the incandescent lamp.

The lamp lumen depreciation factor (percent of initial
lumens produced at 70% of rated life) varies with the
type of light source. Typical values for several differ-
ent sources are:’

General service incandescent ' 90%
Tungsten-halogen incandescent 95%
Phosphor coated mercury 75-83%
Fluorescent : .
Standard Colors 86%
Deluxe Colors 80%

Dirt depreciation factors for luminaires also varies

with the type of luminaire (open or enclosed), the clean-
liness of the environment, and the maintenance schedule.
Typical factors for most luminaires are given in the IES
Lighting Handbook.

The Coefficient of Utilization (CU) for a luminaire is ’
perhaps the one most significant figure in determining
the overall performance of a luminaire. It is directly
related to the luminaire's efficiency. It takes into ac-
count the light distribution and transmittance of the

luminaire's shielding. Computations based on the inter-

flections of radiant ensrgy within enclosures are used
in deriving the CU tables. These computations are
performed by the fixture manufacturer from the photo-
metric data of the luminaire according to the IES

q

.J‘-



Room Cavity Ratio =

Ceiling Cavity Ratio =

Floor Cavity Ratio =

standardized procedure known as the Zonal Cavity
Method. The CU tables are calculated for various
room sizes and surface reflectances. '

To enter the CU table one must calculate a Room Cavity
Ratio. This technique mathematically determines equi-
valent room configurations from the actual room dimen-
sions and allows standardization of the CU tables.

5 h,, (Room Length + Room Width)
(Room Length X Room Width)

h, = height of room cavity from the working plane to
the plane of the luminaires '

5h, (Room Length + Room Width)
(Room Length X Room Width)

h. = height of ceiling cavity from the luminaire to the
ceiling. With a totally direct light distribution,
h, = O for recessed or surface mounted lurni-
naires. |

5 b (Room Length + Room Width)
(Room Length X Room Width)®

hf = height of floor cavity from the floor to the work-
ing plane, normally 2-1/2 feet,

From these ratios and the reflectances of the room
surfaces, one can determine the effective ceiling and
floor reflectances from tables in the IES Lighting Hand-
book, page 9-4. Having determined these effective

.~ reflectances, one can then enter the CU table to deter-
mine the proper value to use in the illumination calcu-
lation formula, Although the method seems cumbersome,
it is straight-forward in its application. The Zonal
Cavity Method allows greater flexibility and accuracy

in making these illumination calculations than previous

systems.
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Ceiling and wall luminance tables are also available
which are very similar in appearance and used as the
CU tables. These luminance tables are important in
determining brightness ratios within a room from the
luminaire data.

Point-by-Point Method

The point-by-point method of illumination calculations
is used when it is necessary to know the illumination

at a specific point from a limited number of luminaires.
It is not generally used for determining average lighting
levels in a room. It is used for calculating the illumi-

nation from supplementary sources used to increase the -

lighting levels in localized areas,

The basic formula is the inverse square law:

I Cos @
E = for Horizontal surfaces
D2
1 sin 6 .
E = for Vertical surfaces

where:

E = the illumination at a particular point.

I = the candlepower intensity of the luminaire in the
direction .'! @ is the angle between the luminaire
and the point for which the illumination is being
calculated. @ is measured as the vertical angle,
0° being directly below the luminaire. This candle
power data is obtained from the photometric data
on the luminaire.

D = the distance from the luminaire to the point for
which the illumination is being calculated.

Illumination values calculated by this formula are addi-
tive, When several luminaires are involved, the illu-

mination resulting from each is added directly to deter-
mine the illumination from total, This method does not
take into account interflected light. There are several

—m
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published- papers on the subjéct which present methods
of including interflected light if it is deemed important

enough to consider,
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ACOUSTICS

Introduction

In an extraterrestrial environment, men will be confined
in a limited volume habitat for relatively long periods of
time, therefore, particular attention must be given to
acoustics to insure the safety, well-bemg, and optimum
performance of the occupants. High intensity sound can
produce temporary or permanent damage to the ear, in-:
terfere with communications and interfere with the perfor-
mance of critical tasks. Conversely, the oppressive qua-

-1ity of the absence of sound can be as exhausting as ex-

cessive noise stimulation.

In order to determine whether a particular noise environ-
ment is likely to be detrimental or hazardous, the designer
must compare the characteristics of the acoustical environ-
ment with the applicable criteria (damage risk, communi-
cations, annoyance, etc.). To make such a comparison

the designer needs to know:

(2) The sound pressure level and spe‘ctrum of the noise.

(b) The type of noise (wide band, pure tone, or impulsive).

(c) The duration and nature of the exposure (continuous
-intermittent, etc.).

When the comparison results in an unfavorable acousti-
cal environment, suitable noise control techniques must
be implemented to correct this condition. 5

Definitions 1

Absorption Coefficient

The sound-absorption coefficient of a surface which is l
exposed to a sound field is the ratio of the sound energy -

‘absorbed by the surface to the sound energy incident !

upon the surface.

/S
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)

Acoustics
The science of sound,

Articulation Index

A predictive measure of speech intelligibility. Formu-
lation of the articulation index is based on the fraction
of the total speech band-width to the listener's ear and
the signal-to-noise ratio at the listener's ear.

Attenuation

Attenuation is the term used to express the reduction
in decibels of sound intensity at a designated point A
as compared to sound intensity at point B which is
acoustically farther from the source.

Acoustic Impedance

The complex ratio of the effective (rms) sound pressure ;

over a surface te the effective volume velocity through it,

i
Characteristic Impedance (P, C)

The ratio of the effective sound pressure at-a given
point to the effective particle velocity at that point in
a free, plane, progressive wave.

Dynamic Range (of speech)

Difference, in decibels, between the pressure level at
which overload occurs (according to some overload
criterion) and the pressure level of the noise of the
system. '

Decibel

The decibel is a dimengion used for expressing the ratio
of two powers and is referred to a reference level of
0.0002 dynes per square centimeter. Mathematically,
the number of decibels is 10 logjg of the power ratio.

ince sound presgure is proportional to the square root
of sound power, the number of decibels in sound pressure
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level ratios is expressed as 20 logj of the ratio of the
two sound pressures,

Energy Density '

The average energy per unit volume in a medium due to
the presence of a sound wave.

-

Free-Field

A field in which the effects of the boundaries are negli-
gible over the region of interest.

Frequency

The rate of repetition in cycles per second of the sound
wave. Frequency is equal to the ratio of the speed of
sound to the wave length of sound., It is normally ex-
pressed as Hertz. Approximate frequency =

speed of sound
wave length of sound

Hearing Loass

Hearing loss is the difference in decibels between the
threshold of audibility for that ear and the normal thres-
hold of audibility at the same frequency.

Intensity \

The average rate al't which sould energy is transmitted

through a unit area perpendicular to the direction of wave

propagation. A decibel scale of sound intensities is
indicated in Figure II-B-1, '

Intengity Level

Ten times the logarithm to the base 10 of the intenéity
under consideration to the reference intensity.

Microbar

A unit of pressure commonly used in acoustics., One
microbar is equal to one dyne per square centimeter.




Figure II-B-1 Decibel Scale of Sound Intensities

160 Near Jet-Engine

E ' g
“__ 130 Threshold of Painful Sounds; Limit of Ear's
Endurance )

|__ 120 Threshold of feeling (varies with frequency)
110 18 Feet from Airplane Propeller

Express Train passing at High Speed

100 Loud Automobile Horn 23' away

90

80 New York Subway
Motor Trucks 15' to 50' away
70 Stenographic Room

60 Average Busy Street

Range of Noisy Office or Department Store
Speech Usu- 50 Moderate Restaurant Clatter
ally Heard

in Conversa-

tion 1

Average Office
40

Soft Radio Music in Apartment
3 Average Residence
0 :

20 Average Whisper 4'; away

K

10 Rustle of Leaves In Gentle Breeze

0 Threshold of Audibility

2.16 Noise

Noise is any undesired sound. As used broadly in acous-
tics, this may include not only aircraft noise and indus-
trial sounds, such as traffic and machinery, but also
speech and musical sounds if they are undesired at any

" particular location.

2.17 Phon

A unit of loudness level. The loudness level of any sound
is defined as the sound pressure level of a 1000 hertz tone
that sounds as loud as the sound in question,
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Preferred Frequency Speech Interference Level (PSIL)

The average in-decibels of the sound pressure levels of
a noise.in the three octave bands of frequency centered
at 500, 1000, and 2000 Hz.

Reverberation Chamber

An enclosure in which all the surfaces have been made
as sound reflective as possible.

Reverberation Time

The time required for the average sound pressure level, -
originally in a steady state, to decrease 60 db after the
source is stopped. :

Sound Power Level (PWL)

A computed qﬁantity which expresses the acoustic power

of a sound source relative to a reference power.

j
Sound Pressure Level

Twenty times the logarithm (to the base 10) of the ratio
of a sound pressure to the reference pressure.

Speech Interference Level (SIL)

The speech interference level of a noise is the average
in decibels of sound pressure levels of a noise in the
three octave bands of the frequency 600-1200, 1200-2400,
and 2400-4800 cycles (hertz).

Specific Acoustic Impedance

" The complex ratio of the effective sound pressure at a

point of an acoustic medium to the effective particle
velocity at that point.

Spectrum

Spectrum is the composition of the {requency distribu-
tion of a sound wave. In noise survey work, the spectrum

st
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of primary importance includes frequencies from 20 to

. 10,000 cycles per second. For the purpose of presenting

damage risk, speech interference, and nuisance levels,
the spectrum is broken down into eight octave bands.

Threshold of Audibility

The threshold of audibility for a specified signal is the
minimum effective sound pressure of the signal that is
capable of evoking an auditory sensation in a specified

"fraction of the trials,

Tefnporary Threshold Shift

A shift in the threshold of audibility after exposure to
even a moderate noise level.

Transmission Loss

Transmission loss is the ratio expressed in decibels of

the sound energy incidént on a structure to the sound energy
which is transmitted through it. The term is applied both
to building structures, such as walls and floors, as well

as to air passages, such as muffiers and ducts.

Factors Detail Discussion ' ,

Sound waves can be described by any of several charac-
teristics, such as the displacement of particles of the
medium, the particle velocity, or the sound pressure
measurements under certdain conditions.

The passage of a sound wave is accompanied by a flow
of sound.

Frequency , - .

Types of Spectra

Pure-tone vs Wide-band Noise - A pure-tone noise is
predominantly made up of pure frequency components

such as propellor noise, compressor whine, and sirens.

In wide-band noise the acoustical energy is spread through-
out the spectrum. In most cases, especially within
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aerospace vehicles, the noise is a combination of pure-
tone and wide-band noise. . Since there are different cri- -
teria for each case, the designer must decide whether the
noise is predominantly pure tone or wide band, A prac-
tical rule of thumb is that, if the OB SPL in a band is
more than 3 db above the adjacent bands, the noise is

pure tone or has narrow-band components,

3.1.2 Spectrum Types and Ranges

3.1.2.1 Frequency Bands - Electrical filters are normally used
for analyzing noise., These filters reject signals of
frequency below a lower ''cutoff' frequency and above
the upper ''cutoff' frequency. Signals between these
two frequencies are passed by the filter; this intermediate

" region is referred to as the passband. The difference

between the cutoff frequencies is normally referred to
as the bandwidth.

1

Until recently passbands usually included in filters in-
tended for noise measurement used the frequency ranges
listed in Table II-B-1.

Table II-B-1 Octave Band Frequency Ranges

Lower Cutoff Frequency | Upper Cutoff Frequency | Center Frequency
(Hertz) (Hertz) (Hertz)
37.5 75 53
75 150 106
150 300 212 '
300 600 ' 425) Average of
600 1200 850} these thrée
1200 ' 2400 1700) bands = SIL
2400 4800 3400
4800 9600 6800 1

When more detailed information about a noise spectrum 5
required, then third-octave bands are normally used. :
These bands are one-third the range of the octave bands.
The standard set of 1/3 octave bands as used by the Acoue-
tical Society of America is indicated in Table II-B-2.

~4~




Table II-B-~-2 One T//hird Octave Bands
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Bandwidth Cut-off :
_ Frequencies Bandwidth

N Mean Fregq. £1 - fq £

4 2,5 2,2 2.8 0.6

5 3.1 2.8 3.5 0.7

6 4.0 3.5 4.4 0.9

7 5.0 4,5 5.6 1.1
8 6.2 5.6 7.0 1.4

9. 8.0 7.0 8.8 1.8
10 10.0 8.9 11.2 2.3
11 12.5 11.1 14.0 3.0
12 16.0 14.0 17.5 3.5
13 20.0 . 17.5 22.0 4.5
14 25.0 22,3 28.0 5.7
15 31.5 28.0 35.0 7.0
16 40 35.7 44,9 9.0
17 ‘50 44,6 56.1 11.5
18 63 ' 56.2 70.7 14.5
19 80 71.3 -89.8 18.5
20 +100 89.1 112.2 23.1
21 125 111.4 140:3 29
22 160 142,56 179.5 37
23 200 178.2 224.4 46
24 250 222.8 - 280.5 58
25 315 280.7 353.4 72
26 400 357 448.8 92.3
27 500 446 561.0 115
28 630 562 - 706.9 145
29 800 713 897.6 185
30 1000 891 1122 - 231
31 1250 1114 1403 288
32 1600 1426 1795 369
33 ' . 2000 1782 2244 462
34 2500 2228 2805 ~ 577
35 ' 3150 2807 3534 727
36 4000 3565 4488 923
37 5000 4456 5610 1154
38 6300 5615 7069 1454
39 8000 7130 - 8976 1846
40 10,000 8912 11,220 2808
41 12,500 11,140 - 14,030 2880
42 16,000 14,260 17,950 3830
43 20,000 17,820 22,440 4320
b4 25,000 22,280 28,050 5770
45 31,500 28,070 35,340 7270
46 40,000 35,650 44,880 9230
47 50,000 44,560 56,100 11,540

Mean Frequency = 100-1 ¥

JEE S
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In order to make the octave bands consistent with the

accepted 1/3 octave band values indicated in Table II-B-2,
a new set of octave band preferred frequencies for acous-
tical measurements has recently been set forth as A.S. A,

Standard S-1. 6 - 1960,

The standard octave bands fit the

ratio f} /f; = 100.3 =1, 9952. The values are indicated in

Table II-B-3,

Table II-B-3 Standard Octave Band Frequencies

Lower Frequency

Upper Frequency

Center Frequency

(Hertz) (Hertz) (Hertz)
1.2 22.4 16.
22.4 44,7 31.5
44,7 89.2 63.
89.2 178. . 125.
178. 355. z50.
355, 709. 500.
709. 1410, 1000,
1410, 2820.. 2000.
2820, 5630. 4000,
5630, 11200. 8000.
11200, 22400, 160¢C0.

3.1,2.2

Range of Hearing /Speech

3.1.2; 2.1 Hearing - The range of hearing for people is of consi-

derable interest.

Tests have indicated that some people

can hear sounds it frequencies as low as 2 hertz, how-

ever, at that frequency a sound pressure level of appro-
ximately 135 db would be necessary to produce audibility,
The upper limit of hearing is quite variable from person

to person,

Tests have shown that young people may hear

up to 20,000 hertz if the tone is intense enough. This
upper limit tends to decrease as people age, with middle
aged people usually being able to hear only up to 12, 000 to
However, the level at which the tome is
presented, is important in determining these upper and

16, 000 hertz,

lower limits.

The auditory response to the frequency of pure tones is
commonly accepted as falling between about 16 Hz and

20,000 Hz =zs indicated in Figure II-B-2,

-
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Figure II-B-2 Absolute Thresholds for Reception of Signals (Ref. B.1)

Note: M,A,.P. (Minimum Audible Pressure)
M,A,.F., (Minimum Audible Field)

The limits for response to intensity vary as a function of
frequency. They are often different for different indivi-
» duals and the threshold may vary from time to time in

. the same individual (Ref. B.2). The limits for response
to intensity extend from the minimum level (i.e,, abso-
lute threshold) at which a sound can be heard to intensi-
ties where feeling and discomfort begin. The minimum
intensities to which the ear will respond vary as much
as 80 db with the greatest sensitivity between 2000 and :
4000 Hz, Individual differences in absolute thresholds
vary as much as 20 db and can vary as much as 5 db - |
within a short period of time. '

The audibility of a signal depends on the duration since
the response of the ear is not instantaneous. For pure
tones, about 200-300 msec. are required for buildup
and approximately 140 msec, tc decay. Thus, tones
of less than 200-500 msec. do not sound as loud and
are not as audible in noise background as sounds of
longer duration.

e 2

3.1.2.2.2 Speech - Four curves relaling sound-pressure level to
frequency are shown in Figure [I-B-3. Curve A shows,
for each frequency band of ] Hz width, the instantaneous
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pressure that was exceeded in only 1 percent of the 1/8-

sec intervals;
stantaneous-pressure'' curve,

This curve is, in a sense, a ''peak-in-

Curve B shows, for each

frequency band, the root-mean-square pressure that

was exceeded in only 10 perce

nt of the 1/8-sec intervals,

One can call this one the curve of ''speech peaks''.

Curve C is the long-~time-rms pressure.

Curve D shows,

for each frequency band, the rms pressure that was ex-

ceeded in 80 percent of the 1/8-sec intervals.

as about one-fifth of ordinary

Inasmuch
conversational speech is

dead time, this lowermost curve represents, in a sense,

the rms pressure of the weakest sounds.

One can refer

to this curve as the ''speech minima'' curve. .At the
right-hand side of the graph are represented the corres-
ponding overall levels - the values for unanalyzed, un-

filtered speech.
Sources

T

e S

Sound and noise problems arise at several points in

long-term space operations.

These problems can bhe

Lo ‘,‘_...J:a_...-m.
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broadly categorized into three phases:

a) Launch and boost

b) Orbit and interplanetary cruise {(experiment and life
support items) ’ '

c) Entry and landing

Noise sources during the launch and boost phase and
entry and landing phase include rocket engine noise and
aerodynamic noise developed during exit and entrance
through the atmosphere. The duration of exposure is
usually of the order of a few minutes.

During orbit and interplanetary cruise conditions, the
number and types of noise sources are dependent upon
the mission requirements., Certain sources of noise are
inherent in any mission requirement; for example, fans,
motors, pumps and compressors associated with the
environmental control systems, and teleprinters, inter-
comms, etc. associated with communications.

Audio Warning Signals

Auditory signals are often used as alarms and warning
devices to call attention to an urgent situation that may
require instant action. Table II-B-4 summarizes the
principal characteristics and special features of various
types of auditory alarm and warning devices. Table
II-B-5 summarizes design recommendations for such
devices. In selecting and designing signals for alarm
and warning, use sounds with frequencies between 200

"and 5000 hertz, since the normal human ear is most

sensitive to this middle range. Auditory signals should
be used for only a few of the most urgent warnings.

Masking Effects

Because few environments are free of noise, noise is
usually a limiting factor in a signal-processing system.
Design of a signal-processing system must separate
signal from noise. Noise mixed with a signal tends to .
raise the threshold for hearing that signal above the
threshold in guiet, or absolute threshold, This pheno-
nenon is called masking, and the elevated threshold is
known as the masked threshold,




Table II-B-4 Characteristics and Special Features of Various Alarms¥*
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Attéhtion—Getting Noise-Penetration KN
Alarm Intensity Frequency Ability Ability Speclal Features
Diaphone |Very high Very low Good Poor in low-frequency
(foghorn) noise, good in high~
frequency noise.

Horn High Low to high Good Good Can be designed to
beam sound direct-
ionally; can be ro~
tated to get wide.

_ ‘coverage.

Whistle High Low to high Good, 1f inter- Good, 1f frequency is Can be made direc-

mittent. properly chosen. tional by reflectors.

Siren High Low to high Very good if pitch |Very good with rising Can be coupled to

rises and falls, and falling frequency. |horn for directional
transmission.

Bell Medium Medium to high| Good Good in low-frequency Can be provided with

nolse. ' manual shutoff to
insure alarm until
action 1is taken.

Buzzer Low to Low to medium | Good Fair, 1if spectrum 1is Can be provided with

medium suited to background manual shutoff to
' . noise. insure alarm until
action is taken.

Chimes andf Low to Low to medium | Fair Falr, 1f spectrum is

Gong medium sulted to background
noise.

Oscillator| Low to high | Medium to Good, 1f inter- Good, 1f frequency is Can be presented

high mittent properly chosen. over intercom system.

“Fxtracted from Ref. B.5
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Table II-B-5 Design Recommendatic;g:s for Auditory Alarm and

Warning Devices¥*
Conditions Design Recommendations
If distance to listener is | Use high intensities and avoid high fre-
great quencies. ‘

If sound must bend around | Use low frequencies (<500 Hz).
obstacles and pass through
partitions

If background noise is pre- | Select alarm frequency in region where

sent noise masking is minimal.
To demand attention Modulate gignal to give intermittent
""beeps' or modulate frequency to mak:
| pitch rise and fall at rate of about 1-3 :
To acknowledge warning Provide signal with manual shutoff so

that it sounds continuously until action
is taken.

L}

*Extracted in part from Ref. B.5

Monzural {(Pure Tone) Masking - The masking of a signal,
basically a pure tone, by another pure tone must be de-
termined experimentally. The masking thresholds of
signals for various representative frequencies and amp-
litudes are depicted in Figure II-B-4, These are based
on monaural reception of signals and noise. It will be
noted from these curves that the masking effect is great-
est when the signal and noise are of similar frequencies
and is greater for noise frequencies below the signal fre-
quency than for noises above the signal frequency. At
relatively high intensities however, the masked threshold
of signals that are some integral multiple of the masking
tone is raised more than the threshold of those signals
having no harmonic relationship to the masking tone.

In interaural masking (i.e., when the signal is fed into
one ear and the noise into the other) no masking occurs
when the noise SPL is relatively low (below 40 or 50 db).
When the noise SPL is above 50 db, the sound is conducte:
through the bone of the skull to the opposite ear to preoduc:
masking as in the monaural case.
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Figure II-B-4 Masking of a Signal by Pure Tones (Ref. B.6)

Note: Masking as a function of frequency for masking
by pure tones of various frequencies and levels.
Number at top of each graph is frequency of
macsking tone, Number on each curve is level
above threshold of masking tone.

Masking by Narrow-Band Noise - The masking of a sig-
nal by narrow-band noise is similar to those for pure-
tone masking except that the sharp dips caused by har-
monics are absent. Figure II-B-5 shows representative
curves for monaural reception.

Magking by Wide-Band Noige - Figure II-B-6 shows the
masked thresholds for a pure tone masked by wide-band
noise of uniform spectrum (i.e., white noise). The
amount of masking of a signal by wide-band noise can be
predicted if the spectrunt level of the noise is known at
the frequency of the signal tone. In making such a pre- J
diction it is assumed that the masking is caused by noise 4
frequencies which lie in a band near that of the signal. 1

When used to predict masking, this critical band-width

is so defined that the SPL of the noise in the critical ;
ban is just equal to the SPL of the signal at its masked ;
threshold. Figure II-B-7 shows the generally accepted
values of critical hand-width as function of frequency.

" TN A e T A A ST S T A TSRO ~or
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The prediction of masking threshold at a given signal
frequency (f) may be determined by measuring the spec~
trum level of the wide-band noise at the frequency of
the signal. Correct this measured level to the level in
the critical band at (f) by adding the 10 log of the critical
band-width, This correction can be read directly from
the left-hand ordinate in Figure II-B-7. The corrected
value is the masked threshold at (f) if the value is more
than 20 db above the absolute threshold at (f). If it is
less than 20 db, a correction must be made for non-
linearity in the masking versus noise level function near
the absolute threshold. To correct for masked thres-
hold below 20 db absolute threshold, use the curve in
Figure II-B-8.
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Figure II-B-8 Masking in the Critical Band (Ref, B.3)

3.4.1.1

Speech and Hearing

Speech Intellipibility

A variety of criteria exist for determining whether an
acoustical environment is suitable for auditory commu-
nication. One of the more useful of these criteria is the
Speech Interference Level (SIL). In addition, the Arti-
culation Index (AI) method of predicting speech intelli-
gibility can and usually should be used to assess the
effects of noise on speech communication.

Speech Interference l.evel - The speech interference
level (SIL) can be defined as the average, in decibels,
of the SPL's of the masking (or interference) noise
existing in the three octave bands, 600 to 1200, 1200 to
2400 and 2400 to 4800 hertz. The SIL provides a mea-~
sure of the extent to which noise can interfere with the
ability to communicate, The SIL method indicates the
maximum noise level that will permit correct reception
of 75% of phonetically balanced (PB) words or about 98%
of test sentences. This criterion is equivalent to an Al
of approximately 0.5.

To determine the SIL of a given noise spectrum, pro-
ceed as follows:

R T T e
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a) Measure the sound pressure level of the noise in
octave bands 600 to 1200, 1200 to 2400, and 2400 to
4800 hertz. : ’ : ‘ .

b) Determine the arithmetic average of the decibel
levels in the three octave bands. This average
value is the SIL,

Figure II-B-9 can then be used to obtain the maximum
distance between the talker and listener at which 75% of
PB words will be heard correctly. The use of SIL's in
estimating speech interference is also indicated in
Table II-B-6.

%

SHOUTING
\ VERY LOUD '
P~ SPEECH —
\ RAISED
VOICE —

NORMAL
SPEECH T

\\

/

/]/// /
i

SPEECH INTERFERENCE LEVEL (SIL). ¢B

f
/

o - 2 4 6 8 10 12
DISTANCE BETWEEN TALKER & LISTENER - #

Figure II-B-9 Speech Interference Levels (Ref. B.3, B.9, B.10)

3.4.1.2

Preferred Frequency Speech Interference Level (PSIL) -
The PSIL method of specifying the speech interference
aspects of noise is based on averaging octave band sound
pressure levels centered at 500, 1000, and 2000 hertz.
This method was recently developed from a comparison
among many known methods of measuring equally speech -
interfering noises (Ref. B,1l) and relating these to the
extensive validation studies of the older SIL. Since

PSIL shows the smallest expected variability over di-
verse spectra noise and is simpler to measure with
current acoustic acquisition equipment, it is increasingly
becoming the recommended method of assessing the

-
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Table II-B-6 Speech Communication Criterie (Raf. B.3, B.9)

Speech Communication Criteria

SIL
dB

_V,Vo"ice Level and

Distance

Nature of Poessible
Communication

Type of
Working Arves

45

55

65

75

Normal voice at 10 ft,

Normal voice at 3 ft;
raised voice at 6 ft;
very loud voice at

12 fe.

Raised voice at 2 ft;
very loud voice at &4 ftj
shouting at 8 ft.

Very loud voice at 1 ft;
shouting at 2-3 ft.

Relaxed conversation

Continuous. conmmunication
in work areas

‘Intermittent communi-
cation

Minimal communication
(danger signals, restric-
ted prearranged vocabu-~
lary desirable)

Private offices,
conference rooms

Buainess, secre-
tarial, control
rooms of test
cells, etec.

3.4.1.3

speech interference aspects of noise. To canvert from
can be added to the old SIl.'s,

SIL to PSIL, 2 db

Articulation Index (AI) - The articulation index is a

general criterion applicable for effects of noise on

communication,

The AI predicts the intelligibility of

speech (i.e., the percentage of words or sentences
which are correctly understood) for a specified noise

environment.

{
Intelligibility depends on the type of message material

or vocabulary.

Three types of message material are

generally used: (1) lists of nonsense syllables, (2) pho-
netically balanced monosyllable word lists, and (3)

sentences.

The relationship between intelligibility

and the Al for various types of message material is
indicated in Figure II-B-10.

. Two methods are available to determine the Al, referred
5 to as the 20-band method and the weighted-octave-band

(WOB) method.

The 20-band method is more detailed
x and accurate, since it divides the frequency range of
P interest (200 to 6100 hertiz) into 20 bandwidths,

For

wide-band noise, the WOB method mnay be used for

noise with a smooth spectrum and for cummunication

systems with no significant distortion,

To compute an
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Figure II-B-10 Intelligibility‘és a Function of the
Articulation Index*

Al by the weighted average method, the followmg steps
should be taken (Ref. B. 5):

a) Draw a curve showing the speech spectrum level as
a function of frequency on a chart similar to that
shown in Figure II-B-1l, If there is no significant
frequency distortion present in the communication
system, use the octave-band speech spectrum indi-

cated in Table II-

B-7.

Table II-B-7 Octave-Band Spectrum of Speech

Octave Speech Level (db)*
Band (re 0.0002 microbar)
150-300 58
300-600 62
600-1200 58
1200-2400 52
2400-4800 46
4800-9600 40

*0Overall speech level is 65 db re 0.0002 microbar

(moderate volce)
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b) Adjust the level to coincide with the level to be used
in actual operatmn.

¢) Draw a curve on the same chart showing the octave
band levels of the noise,

d) At each octave band, measure the difference between
the speech-peak level and the noise spectrum level.
If in any octave band the noise level is below the
threshold of audibility, use the threshold curve
rather than the noise curve. If in any octave band
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the speech peak curve is above the appropriate limit-
ing curves at the top.of the chart, use that curve rather
than the speech-peak curve.

e) Obtain the fractional contribution (W) of each octave

"~ by entering Figure II-B-12 with the ratios of speech

peaks to rms nois_é (or quiet threshold) in each indi-
cated octave band.

o
[+
b4

0.04

0.03

g 0.0z
S
0.0l
o & g Bt
L2} to ia 20 25 -

FRACTIONAL CONTRIBUTION TO AI.

CIFFERENCE BETWEEN PEAK
SPEECH-PRESSURE LEVEL AND
NOISE ~-PRESSURE LEVEL (d8)

Extracted from Ref B.5
Figure II-B-12 Contribution to the Articulation Index
f) For octave bands of --- Multiply W by ---

150-300 hertz |
300-600 hertz
600-1200 hertz

. 1200-2400 hertz
2400-4800 hertz
4800-9600 hertz

Pt AL ad UL et

g) Add the values obtained in step f to obtain the appli-
cable articulation index, _

SRR e e
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Table II-B-~8 Intelligibility Criteria

An Alof ,... Provides communications ....
o “0.7 to 1.0 Satisfactory to excellent
0.3 to 0.7 ' Slightly difficult to satisfactory up
to 98% of sentences are heard
correctly
0.0t0 0.3 Impossible to difficult; special

vocabularies and radio-telephone
voice procedures are required.

(Extracted from Ref. B.5)

3.4.1.4

Noise Criteria (NC)

A more sophisticated, general standard for determining
the effect of noise on communication is based on noise
criteria (NC).,” These criteria were developed to evalu-
ate noise in offices and workspaces, and are essentially
an extension of the SIL's irom a single number to a set
of numbers represeniing the octuve-band specira. The
NC are designed to take into account both the effect of
noise on speech communication and the annoyance of the
noise, since the former has an important influence on
the latter. Figure II-B-13 contains the NC curves and
Table 1I-B-9, the NC for various situations. Note that
the rank of the criteria (for example, 40 in NC-40) is
the octave-band level in the 1200-t0-2400 Hz band, and
that a noise with a spectrum the same as the NC curve
would have an SIL equal to the rank, As with the SIL's,
these criteria should be used only when the noise is
fairly steady and has a continuous spectrym. To find
the NC of a given communication environment, proceed
as follows:

a. Measure or predict the noise in octave bands.
b. Pilot the octave-band spectrum of the noise,.
c. TFind the NC curve which is higher than any of the

measured or predicted octave-band level in each
octave band; this is the NC of the noise environment.

jo N

On Table II-B-9 find the description of the comrmu-
nication environment,

e S WU, WU,

e A btk i o D e
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i

Table II-B-9 Recomimended Noise Criteria for Offices

and Workspaces (Ref. B,5) .

OFFICES

NC (or NCA) CURVE

COMMUNICATION ENVIRONMENT

NC~20 to NC-30

Very quiet office; suitoble for lorge conferences. Telephone ute satisfactory.

NC-30 10 NC=~35

"*Quiet'’ office; satisfoctory for confsrences at o 15-ft table; normal voice, 10 to 30 ft.
Telephone use sotisfoctory.

NC-35 1o NC-40

Satisfactory for conferences at a 6+ 7o B-ft table; normal voice, 6 to 12 ft, Telephone use
satisfactory.

NC-40 10 NC-50

Sc!ia"ccto}y for conferences ot o 4- to 5-ft table; normo! voice, 3 to 6 {t; raised voice
6 tc 12 ft. Telephone use occasicnelly slightly difficult,

NC-50 to NC-55

Unsatisfactary for conferences of morc than two or thres people; normal veice, 1 to 2 ft;
roised voice 3 to 6 ft. Telephone vae slightly difficult.

Above NC-55

‘*Very noisy.’ Office environment unsatisfoctory. Telephona use difficult,

WORKSPACES, SHOP AREAS, ETC.

NC-60 to NC-70

Person-to-person communicotion with roised vaice satisfectory, 1 to 2 ft; slightly ditficult,
310 6 tt. Telephone use difficuit.

RC-70 10 NC-~80

Pergon-ta-parsen communicotion slightly ditficult with roised voics, 10 2 v, sliphtly

difficult with relsed voice, 1 to 2 {t; slightly difficult with showring. 3 10 6 {t. Tselephone
vee veiy difliculy, :

Above NC~80

Person-tompersan communication exiremely difticult. Telephone use unsatisfoctary,

NOTE: Noise meosure:nants made fur the purpeae of compating the noize 1n on oftice with those criteria should be
performed with the office in normal operation, but with no one telking ot the particulor desk or conference
table where spmech communicetion it desired (I, 6.}, whare the msaruroment is Leing made). Bockyround

noite with the office unoccupied should be lowar, 1oy by 3 45 10 4B,

f

g i

|
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Figure II-B-14 presents the alternate noise criteria

-~ (NCA), which are the maximum octave-band levels re- .
commended when the noise is steady and free from beats
between low-level components., - .

100
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Figure II-B-14 Alternate Noise Criteria (NCA) (Ref. B.5)

A

3.4.2 . Hearing Loss

3.4.2.1 Damage Risk Criteria - Figures II-B-15, II-B-16, and
II-B-~17 are damage risk contours for one exposure per
day to certain one-third octave, full octave and pure
tones of noise as accepted by the CHABA Working
, Group NG. 46 (Ref. B.15). If any single band exceeds
. the damage risk contours specified, the noise can be:
considered as potentially unsafe. The relations shown
! in the figures arec based either upon direct measures of
temporary threshold shift (TTS) or permanent noise in-
duced hearing losses resulting from exposure to sound.
" These data have heen verified from sufficient research
by more than one independent investigation with the

s .
following exceptions:

5 e v e TN T SN S snG
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Table II-B-10 Presbycusis in Men and Women (Ref. B.16, B.17, B.18)

A. MEN
| Test ) Age Range
Frequency 30=39 40-49 50-59 Over 60
in cps B* WEF* | SD¥* B | WF SD B! WF| SD B SD
440 1.4} 0.3 3:71 1.3 6.8 4.2 7.0
512 -1.0 -2,0 3.5 8.6
880 1.3] 1.3 4.51 2.4 7.71 4.9 9.0
1024 0 -2,0 0 10.5
1760 2,3] 2.2 7.0} 6.0 12.1|11.9 19.3
2048 0 6.0 12.5 23.5
3520 8.21 7.7 17.7{13.2 25.6 {25.0 33.5
4096 6.0 ; 12,5 21.5, 35.5
5793 1.0 17.5 32.0 39.0
7040 : 7.71 6.5 16.8(13.3 24.0127.9 36.1
B. WOMERN
440 2.61 3.6 6.0} 5.3 10.3] 6.9 9.5
880 2.6 3.1 5.81 4.3 19.817.3 9.0
1760 2.9 2.7 6.7 5.2 11.0 |10.4 14.8
3520 2.4 1-0.7 7.81 0.7 13.817.3 15.6
7040 4,8{-0.1 11.91 3.6 19.7 j12.2 23.3
*B = survey by Bunch; WF = World's Failr survey by Steinberg et all/;

SD = San Dlego County Falr Survey by Webster et al.

RN T
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+ The maximum levels specified for the top curves in the

.tion, loss of sensitivity for tones of high frequency take

-2-59

figures are estimates not supported by direct experi-
mental data,

+ The data supporting the damage risk contours for pure
" tones are not as extensive as those for octave or one-
third octave bands of noise.

Occupational Deafness - The effects of occupational deaf-
ness on hearing accumulate over many years. In addi-

place as part of the average aging process. This normal
aging process is defined as prebycusis. In an effort to
separate the effects of noise from the effects of aging,
several studies have been carried out which present data
in particularly accessible form, pertaining to the presby-
cusis effect. The resulting data are indicated in Table
II-B-10.

Psychophysiological Effects

Physiological Effects

Performance

Work efficiericy on tasks involving alertness over extended
time periods has been observed to be reduced in noise \
environments of the order of 100 db. In fact, levels of
noise exceeding 90 db degrade performance of multiple-
choice, serial reaction type tasks. In addition, it has
been noted that high-pitched noise having a major spec-
tral content above 2000 hertz has a more deleterious
effect than low-pitched noise below 2000 hertz. It has
also been concluded that in tasks calling for both speed
and skill, that noise increases the incidence of mistakes
although the rate of working may remain unchanged

(Ref, B.27). '

In general, it may be said that the effect of intense noise
on work is distracting rather than disabling, and noise is
most troublesome when it is irrelevant to the task in hand.
Extremely high noise levels can interfere with the accu-
racy of precision manual - dexterity tasks through noise-
induced vibrations of body parts. They can affect the
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sense of equilibrium, add to disorientation, motion sick-

_ness, etc., depending on the specifics of the environment -

and the type of noise. It'should be remembered that the

-7 level of noise required to exert a measurably degrading
effect on'task—performance (over-all SPL greater than
90 db) is considerably higher than the highest level which
are acceptable according to other criteria (e.g., hearing
conversation of communication) (Ref. B.27). See Table
1I-B-11 for the noise effects on performance.
Table II-B-11 Performance Effects
« General
SPL _dB Effect
> 90 Degrades multi-choice performance
100 Reduced alertness
114 Speed and skill misﬁakes increases
- 4,12 Sleep Interference )

Almost everyone has been interrupted during sleep by un-
expected intermittent or transient noises. Some examples
are dripping faucets, telephone ringing, or the barking of
a neighbor's dog. However, it is also a common occur-
rance for people living near an airport or railroad track
to become adapted to the noise, if it occurs on a regular
schedule.

A series of tests were carried out in the Neurophysiology
Laboratories at the Methodist Hospital, Houston, Texas, -
between January 8 and January 23, 1970 to investigate
the effects of spacecraft noise on sleep (Ref. B, 28).

FEEIET S, T

The results of this study indicate that none of the three j
'spacecraft-noise environments which were tested resul-

ted in a significant abnormality in either subject’s sleep
characteristics. Under the controlled conditions in the
laboratory, the few changes in sleep patierns which could
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be casually reélated to the noise were of only minimal

degree and could not be considered to have truly dis-
rupted the sleep profiles,

Since the laboratory environment in which these studies
were carried out did not simulate the other, both deman-
ding and stressful, features of spaceflight, the results
must be interpreted with some caution. The relatively
small observed influence of the noise condition on sleep
could conceivably become a more significant factor
under the actual spaceflight conditions.

Non-Aural (low frequency) Effects

Exposure to low-frequency, high-intensity noise has had -
little study prior to the space program. Pain thresholds
had been recorded at approximately 179 db for static

. pressure, 165 db at 3 hertz, and decreasing to the range ,

of 140 db from 15 to well above 100 hertz. The noise-ex-
perienced subjects of previous studies had observed no
sensations of disturbed equilibrium or nausea during ex-
posures to tones below 30 hertz even at SPL's inducing
pain (Ref. B.29). |

Recent studies performed by Mohr, et. al. (Ref. B.23)
have indicated new information, however, relating to
effects on humans of low-frequency and infra-audible
sound, '

In summary, the maximum infrasonic exposure levels
produced by the available simulation devices did not
reach the voluntary tolerance limit for noise-experienced
subjects; however, the unusual sensations excited by the

-oscillating pressure environment could be alarming to

the naive observer. In the very low sonic frequency

‘range, chest wall vibration, gag sensations, and respi-

ratory rhythm changes were regularly observed. But
the limits of voluntary tolerance were not exceeded by
the exposure levels available from the various devices.

In the 50-100 Hz range, the simulator capability for
discrete-frequency noise was sufficient to generate
subjectively intolerable environments. Responses in-

cluding headaches, choking, coughing, visual blurring,
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and fatigue were sufficiently alarming to preclude under-
going higher level exposures without more precise con-
trol of the noise environment and definition of the phy-

siologic effects elicited. -

The presently available data (Ref. B.3) thus support

the conclusion that noise-experienced human subjects,
wearing ear protectors, can safely tolerate broad-band
and discrete frequency noise in the 1-100 Hz range for
short durations at sound pressure levels as high as 150
db (Ref, B.23). At least for the frequency range above
40 Hz, however, such exposures are undoubtedly appro-
aching the limiting range of subjective voluntary tolerance

and of reliable performance,.

Asg would be expected, the

responses reported by these five subjects during the
various test series reflect considerable variability in

the subjective effects.

At present, the magnitude of

possible individual and group variability cannot be
accurately estimated. See Table II-B-12 for values of

non-aural effects.

Table II-B-12 Non-Aural Effects

SPL dB Frequency (Heg) Effect

Y 150 77 anal sphinter resonates

> 150 40-60 chest rezonates

> 150 700-1500 blurred vision

120-150 1.6~4.4 vertigo, disorientation,

: nausea, and vomiting

120 continuous £ 7500 irriﬁability snd gense of

’ fatigue '

4.2,

Psychological Effects

1}

Apart from subjective effects and interference with per-
formance and communication, intense noise can also in-
duce certain neurophysiological reactions. For example,
very loud or sudden noises can evoke fear and avoidance
reactiong in humans and animals. Continucus loud jet
noise can produce irritability and a sensc of fatigue

(Ref. B.31, B.32).
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Recent investigators (Ref, B.33) have attempted to inves-
tigate the hypothesis that greater human energy expendi-
ture is needed for adaptation to loud unpredictable noise,
e in contrast to loud predictable noise, and that this in-
L creased energy expenditure is reflected in a lower tole-
- ' rance for frustration and in greater deterioration of
performance on tasks, The actual discomfort and

damage noise range to the ear is shown in Tables
II-B-13 and II-B-14.

Table II-B-13 Discomfort to Ear

180 | PAIN THRESHOLD

160
2140 | SHARP PAIN IN EARS -
' 120 » DISCOMPORT AFTER FEW SECONDS
100 " REFLEY, RESPONSE OF TENSING, G‘amcnzs L COVERING EARS
0 8.8 7% 300 600 1200 2400 4800
. " Pregusncy in H& \

Table II-B-14 Ear Damage

Condition SPL 4B
. Bingle blast pulses of low >175
- frequency .
. Sound cycles in range of max{- pL1
wmum ear gensitivity
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Noise control for extraterrestrial architectural design
will include the reduction of undesirable sound and the

introduction of desirable sound for masking effects and
the alleviation of mental stress which can result from

the absence of sound. '

Noise Control Applications

The noise criteria for the various areas and performance
requirements for the occupants must be established.
Acoustical design and analyses should then indicate
whether:

+ The sound level of the auditory signal devices is

sufficiently above the ambient noise levels to per-

mit reception of the signal. Particular attention

" should be payed to auditory signals indicating mal-
function. Auditory warning signals must be easily -
detectable and must be quickly and accurately iden-
tifiable. They should not be of an intensity or fre-
quency content to induce discomfort of panic response.

» The auditory devices are sufficiently distinctive to
permit discrimination between them under all am-~
bient noise conditions.

+ The ambient noise level is sufficiently low in either
the shirtsleeve or pressure suit environments, to
permit face-to-face verbal communications when
required with an acceptable level of intelligibility,
with half effort. .

» The signal-to-noise ratio and bandwidth for the
intercommunication equipment is sufficiently high
to permit an acceptable level of intelligibility.

» The ambient noise level does not exceed intensity
levels and durations which cause undue discomfort
or could be expected to cause temporary or per-
manent damage. ‘

Based on these comparisons if there are any areas dis-
closed in which performance and/or tolerance limits
are exceeded or marginal, analyses should be performed
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to determine where correciions can be made. These
include: '

« Reduction of the ambiént noise level at its source.

* Reduction of the ambient noise level in the cabins
through the use of sound absorbing materials.

- Reduction of the ambient noise level in the cabins
through the use of sound absorbing materials.

* Reduction of the ambient noise level at the ear
through the use or modifications of helmet, ear-
phones, and/or earplugs.

*  Modification of the auditory signal devices to in-
crease the signal-to-noise ratio and/or distinctive-
ness.

* Modification of the intercommunication equipment to
increase the intelligibility.

* Modification in the mode of operation to be less depen-
dent on auditory signal devices and/or verbal communi-
cations, with the appropriate programmmg of face-to-
face and interphone modes.

Usually, the preferred approach to reducing equipment
noise is to treat the source through the use of isolators,
enclosures, etc. When this approach is impractical,
treatment of the receiving space can be accomplished

by application of sound absorbing materials. Trans-
mission of noise from one area to another can be con-
trolled by treatment and isolation of partitions, ceilings,
floors, and common ducts connectiug the areas. Major
emphasis is placed on ehmmatmg direct air patns from
one area to another,

Studies will be required to insure that materials used in
sound treatments meet requirements for flammability,
toxicity, cleanliness, etc. Abgorption materials which
are optimum for standard atmospheric pressure may not
be applicable at reduced pressure., In the application of
noise control technigues, the aralyses must account for

the effects of reduced atmospheric pressure on noise
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sources, loudspeakers, speech and hearing (if appli-
cable). See Table II-B-15 for absorption coefficients

. of various materials,

P Table II-B-15 Sound-Absorption Coefficients
ABSORPTION COEFFICLENT AT NOISE-
INDICATED FREQUENCIES REDUCTION | WEIGHT
MATERIAL 128 | 256 | 512 [1024 |2048 [4096 COEFFICIENT] 1b/ft2 SURFACE
Metal (steel 0 0 0 0 0 0 0 Depends |Any
and aluminum) on thick-
ness
Cushiontone .| .10} .28 .66} .91 | .82| .69 .65 1.05 484 hole/ft2
Cork, 3/4" 3/16" dia.,
5/8" deep
painted
Fiberglass 041,20} .63 | .91] .82| .82 .65 0.69 Painted
Tile, 3/4"
Weod Floor .05 - .03 - .03! = .03
Cork or Rub- - = | 034 - - - .05
ber Tile .08 -
Glass .| .035 - }|.027, - | .O2]| - .02 )
6.0 Sample Calculations
6.1 Example of Spacecraft Interior Acoustic Calculations

An orbital spacecraft has the following applicable inter-
nal dimensions: total surface areas = 1490 square feet,
volume = 1600 cubic feet. The composite average absorp-
tion coefficient applicable to the internal spacecraft sur-
faces is 0.08. A sound source with a power of 0,0l acou-
stic watts is put in the enclosure., There are 5 people

in the spacecraft with an Sa absorption of 6.0 (feet)
squared each, Determine (a) the reverberation time

of the interior of the spacecraft; (b) the interior sound
pressure level at 5 feet for Q = 1. The equations re-
quired are as follows:

0.049V

T = .
Sa °’




PWL = 10 log,, W + 130 db,
R —__Sa

H

1-a

SPL = PWL +10 logw ( Q + 4 ) + 0.5 db,
4rx rl R

where T = reverberation time in seconds

V = volume of spacecraft, in cubic feet

S = total internal surface area of spacecraﬁt,

in feet
Z - '8y a7 + (Sa for people)
S1 + S

where Sl. and S are the areas of absorbing surfaces of the
spacecraft and the people in square feet, and a; and «a
are the absorption coefficients associated respectively
with those areas, a is the average sound absorption
coefficient for the spacecraft interior as a whole.

N

PWL = acoustic power level = 10 log, W
: 10-13

power emitted by the noise source, in watts
""room constant', in square feet

= distance from the center of the source, in feet
directivity index

on W s
" i

: .
s« Internal Volume of Spacecraft = 1600 cubic feet

Total Interior Surface Area = 1490 square feet

< _ (1490)(. 08) + 100 (2)(3.0)

1490 + 100 (2}
e a =~ 0,425
T 0, 049(1600)

0.109 seconds

1690(0. 425)
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PWL = 10 log;(0. 01) + 130 db = 10 log(100) + 130 =

-20 + 130 = 110 db;

R =5 ._o.[. = {1690)(0.425) - 1250 square feet;
1-a 0.575 T

SPL = 110 +10 log,, . | S 4 +0.5
. 10 "4 % x25 1.250 x 103

= 110 - 22 + 0.5 = 88,5 db;

», SPL = 88.5 db ref. 0.0002 microbar

L 2R 4

6.2 Example of Articulation Index Calculations

The articulation irdex applicable to three fans operating
in an enclosure is required using the methods indicated
in 3,4.1.3 of this document, The overall SPL of the
speech criteria curve used as a reference shall be 74 db.
This is an extremely high level, applicable to very loud
speech, at close distances. '

a) A curve similar to that indicated in Figure II-B-11
is initially drawn, and referred to as Figure 7.2.
The dashed line in this figuﬁre is a plot of the octave-
band speech spectrum, indicated in Table II-B-7.
This dasghed line is then replotted as the solid line
directly above it, The solid line has an overall SPL
of 74 db, or an increase of nine db above the overall
SPL of the dashed line (65 + 9 = 74 db),

b) The estimated octave band levels of the fan noise are

~ then drawn on Figure II-B-16 as the circles,

¢) The differences between the modified speech-peak
level (solid line) and the noise levels, in octave bands,
is then obtained. Note: differences of 0 db or less
have & fractional contribution of zero,

cod
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/.—-“Freg' uency DB Difference - W Fractional Contribution ’ Al

150-300 6.0 .01 x 1 = .0l
300-600 12. 0 .02, x 1 = .02
-600-1200 12.0 .02 x 5 = .10
1200-2400 6.5 . 012 x - 7 = . 084
2400-4800 0.5 . 0085 x 5 = . 0425
4800-9600 -5.0 0 ‘
Applicable Al = .2565

d) The fractional contribution (W) of each octave is then
obtained by entering Figure II-B-12 with the differences
obtained in step c.

e) Multiply the fractional contributions (W) by the factors
indicated in paragraph 3.4.1.3, step { of this document.
(See step c of these calculations). :

f) The values obtained in step e (indicated in step c) are
then added to obtain an applicable articulation index
of approximately 0.26.

g) The resulting computed AI of 0.26 can then be used

in conjunction with Figure II-B-10 and Table II-B-8

to determine the acceptability of the fan noise environ-
~ ment. It would indicate close or direct speech commu-

nications are required.

|

L .
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II-C TEMPERATURE

1.0

Introduction

Thermal control and limits within any confined space is
required for mission success, Not only is thermal control
essential for crew comfort, but equipment operation is de-
pendent on the surrounding environment. However, the

+ crew thermal limits are the determining factor since equip-

ment thermal limits exceed the human limits, Crew com-
fort and performance are to a large extent determined by
the environment thermal limits of the space occupied by
the crew. To determine these limits, the physical para-
meters and the more subjective element of the sensation -
the crew will feel were considered. The two sensations
that are used to reflect the comfort zone are warm and
cool since these two feelings are the most common ter-
minology associated with a comfortable temperature.

Lny environmental condition outside the comfort zone is
either uncomfortably warm or uncomfortably cool.

The principal factors affecting human comfort in 2 gase-
ous environment include the dry-bulb temperature, rela-
tive humidity, gas flow rate, total pressure, and density
of the gas. Some other related factors that must be con-
sidered are crew activity which determines metabolic
rate, temperature of the enclosure structure, type of
clothing for Clo factor, physiological and psychological
state of crew, and'gravity condition, Combining the prin-
cipal factors into a single value will determine the effec-
tive temperature. 'The effective temperature can be de-
fined as an empirical index of the thermal effect of the
environment upon the human body. This index is accep-
table for use when radiant heat exchange is relatively in-
significant in comparison with other modes. Spacecraft,
with adequate insulation, will normally be 'in this category.

Equipment heat loads such as lights have not been accounted
for gsince they are unknown at this time. This is a signi-
ficant part of the total heat load and cannot be overlooked

‘when determining environmental control equipment.
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Definitions

The terms used to explain the tempefa_ture standards and
design requirgments are defined here to prevent misin-
terpretation of the criteria,.

Comfort Zone

The area enclosed by the boundaries of the effective tem-
peratures and relative humidity that induces a feeling of
comfort to humans. All factors affecting the thermal con-

~ dition of man are used in determining the comfort zone.

Dry-Bulb Temperature

' The terms temperature, air temperature, ambient air

temperature, and dry-bulb temperature are all synony-

. mous, Can be measured with common thermometer,

Wet-Bulb Temperature

This is the temperature obtained when the thermometer
bulb is cooled by the rapid evaporation of water by air
moving at a velocity of 900 feet per minute. Wet-bulb
temperafure varies with humidity and is the same as dry-
bulb temperature when the humidity is 100%.

Relative Humidity

This is the ratio between absolute humidity and the satu-~
ration value at a given temperature expressed in percent
(%). When a quantity of air holds all the water vapor it
can, it is said to be saturated and the humidity is 100%.

Gas Flow Rate

This is the velocity that the gas moves past an object

and is expressed in feet per minute., Determining fac-
tors are the mass of gas, volume, and rate of gas change
per unit of time. :
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Clo Factor

The thermal resistance of clothing to the flow of heat
from or to the body is expressed in Clo units., Itis
directly proportional to the sum of the thickness of the
fabrics plus the thickness and composition of the gas
layers between the fabrics. One Clo is equal to 0.88°F
hr £t2/BTU when used in mathematical calculations. The
Clo values of garment resistance vary from zero for the
nude man to approximately 5 for pressure garment assem-
blies. Another way to define Clo is the insulation value

of that quantity of clothing that will maintain comfortable
thermal equiiibrium in a man sitting at rest in an environ-
ment of: (a) 70°F air and wall temperature, (b) 50%
relative humidity or less, and (c) 20 ft/min air move-
ment, '

Metabolic Rate

" Metabolic rate is the thermal exchange between the human
_body and the environment, The rate of heat production,

metabolism, is always positive in value and is expressed

in BTU/hr.

Pressure

This refers to the absolute total pressure of the environ-
ment and is expressed in pounds per square inch. The Y
pressures considered for this study are 5, 10, and 14.7

psia with a constant partial pressure of oxygen at 3,01

to 3. 45 psia. ‘ '

Radiation

This is a process by which heat flows from a high-tem-
perature body to a body at a lower temperature when the
bodies are physically separated with no barrier between
them. Heat transfer by radiation becomes increasingly
important as the temperature of an object increases. The
intensity of the emissions depends on the temperature and
nature of the surface.

e e— > g - T - > Y i e b TTE
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2.10 Conduction

Conduction is a process by which heat flows from a re-
gion of higher temperature to a region of lower tempera-
.~ ture within a medium (solid, liquid, or gaseous) or be-
4,./ tween different mediums in direct physical contact, In
" conduction heat flow, the energy is transmitted by direct
molecular communication without appreciable displace-

ment of the molecules.
2. 11 Convection

Convection is a process of energy transported by the
" combined action of heat conduction, energy storage, and
‘mixing motion. The transfer of energy by convection
from a surface whose temperature is above that of a sur-
rounding fluid takes place in several steps. First, heat
will flow by conduction from the surface to adjacent parti-
cles of fluid, The fliid particle will then move to a re-
gion of lower temperature in the fluid, due to the increase
in temperature and internal energy of the fluid particle
where they will mix with, and transier a part of their
energy to, other particles, This is8 known as free con-
vection as the change in density is the motivating force
causing the mixing motion. When the mixing motion is
.induced by some external agency, such as a pump or
blower, the process is called forced convection. An in-
creage in humidity increases heat transfer to the body
for a given temperature difference and air velocity,
since water vapor has a heat absorptive capacity twice

that of dry air.

2.12 Evaporation

The evaporative heat exchange mode is limited to sen-
gible and insensible perspiration {rom the surface of the
body. The evaporative heat loss is a function of volume
flow rate, absolute humidity, temperature, and pressure
of the atmosphere. If the air is saturated with water
vapor at skin temperature, evaporation does not occur;
in fact, if the vapor content ig such that the air will be
super-saturated when cooled to gkin temperature, con-
densation will occur with rapid transfer of heat to the
skin, I the hurnan body is surrounded by saturated

PSRN Grir A
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air at a higher temperature, it responds by producing an
excess amount of perspiration, without losing any heat.
A continuation of this condition may result in fever, dis-
comfort, weakness, rapid heart action, difficulty in
breathing, delirium, and collapse.

Factors Detail Discussion

To determine the temperature criteria for spacecraft
applicability, the avenues must be known by which heat
is exchanged between man and the environment. These
avenues, radiation, convection, conduction, and vapori-
zation, represent the means that must be considered to
keep the human body in equilibrium, and therefore com-
fortable. Exchanges of radiation may occur with sur-
faces having higher or lower temperatures than that of
the skin or radiation may be absorbed by the skin from
high temperature sources such as the sun. :The body
may exchange heat by convection and this is an important
mode of heat 16ss especially if the velocity of the air
arcund the body ie high and of a low temperature. Body
heat exchanged by conduction occurs when direct physi-
cal contact is made with objects. Heat is lost by vapori-
zation from the lungs through respiration and the skin

by sweating. Body heat may algo be lost in urine and
feces. The body also stores heat in the tissues and body
fluids which is used to maintain the body thermal balance,

The conditions for thermal equilibrium between the human
body and the environment can be examined in terms of the
biothermal equation. This equation attempts to balance the
normal heat gains and losses and is usually expressed as
follows (Ref, C.1):

Q. tq,59, 19, 9. tq, Taq +tq, tq, (1)

Table II-C-1 gives the functions or criteria affecting
these terms and their effect upon the biothermal equa-
tion, '

For a state of thermal equilibrium, the heat storage

rate is zero (qs = 0). The conductive heat transfer mode
is usually quite small and can be assumed, in most in-
stances, to be included in the radiant and/or convective
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Table II-G-1 Components of the Biothermal Equation (Ref. C.7)

L . .
" Term ‘ Function - Effect on System
Metabolism, q ‘ f (activity level, body Gain at all times
temp. ) .
Solar radiation, qs-r - f (hsr’ t) . ' Gain when present
Infrared radiation,. q, f (hr, t) . Gain: tw>tg;
. Loss: tw< tg
Convection, q, , f (hc, t) Gain: t; > tg;
: | Loss: t; < tg
Evaporation, q : f(Dy, AC. P, t) : Loss in all usual
' conditions
Respiration, q, . f (Resp.-mass flow, P, t} Small gain or loss
Storage, qg ; f (W, Cp’ Ay, dtb/de ) Gain: dtb/d6> 0;
Loss: dtb/dﬂ <0
}
Work, q nature of activity Gain: Work done
' on body;
Lioss: Work done
by body

!
heat transfer terms (qlé~ = 0). Finally, if external heat
fluxes are accounted for in terms of induced, environ-
mental parameters, such as internal air and wall tem-
peratures, the term (qsr) can be omitted from the ex~-
pression. :

With comfort as the reference state (qg = 0), the bio-
thermal equation can be expressed as:

Ay " 24, tq. ta, ta, T A | (2)

3 and the system can be examined gualitatively in the light
’ of these terms after they have been adeguately defined.
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Heat of metabolism {q_ ) is considered to be the sum of

; m . ,
the basal metabolic rate (energy required to maintain )
the body in good health and at equilibrium temperature
while at rest) plus an incremental increase in heat energy
due to activity and/or stress,

Radiant heat exchange (q_) is a measure of the heat lost
(or gained) as a result oirthe temperature difference be-
tween the skin of the human body and the walls of the
surroundings.

Convective heat exchange (qc) is a measure of the heat
lost (or gained) as a result of the temperature difference !
between the skin and the immediate atmosphere. '

Evaporative heat exchange (qe) is the heat exchange resul-
ting from the vaporization of moisture at the surface of
the skin.

Respiratory heat exchange (q,) is 2 measure of the heat
lost (including vaporization of water) from the lungs due
to respiration.

In any environment, 2ll of the above modes of heat trans-
fer may be present. In general, the ambient dry bulb
temperature, humidity, air velocity, and ambient pres-
sure determine the partition of mechanisms actually
used by the body.

The biothermal equation delineates the parameters that
must be considered to arrive at a comfort level for man. ft
is important to note that man has the ability to live and func-

. tion within a broad range of thermal conditions because of his

capacity to maintain a relative constant deep body tempersz -
ture. This deep body temperature is also referred toas
the body core temperature and is considered normally to I
be 98,6°F, Skin temperature can vary for different partsgi
of the body with the mean being approximately 93°F, With'
these considerations in mind, the following table was pre-|
pared to be used as a guide in determining a spacecraft

environment limits.

N i+ Ay " S - , e : e et
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Table II-C-2 Environmental Design Criteri/a (Ref. C.2)

Item ‘ Limits ' .Remarks k

Te¢mperature, Air R
Minimum " 60°F at 0.0 Clo Experimental data show
45°F at 1. 0 Clo low air temperatures are
offset by high metabolic
rates or radiation. Prevents
uncomfortable cooling of any
: skin area. _
Maximum 100°F To avoid high skin tempera-
‘ ture and prevent uncomfor-
table heating of any skin area.

Temperature, Surface

Minimum 550F ' To prevent overcooling or
Maximum 105°F overheating of skin areas
' coming in contact with the

surfaces. : : !

>as Flow Rate :
Minirmnum 15 ft/min : Equal to natural convection.

This is required to avoid
: dead hot or cold gas pockets,
. dissipation of carbon dioxide
V and other waste gases, and
avoids large changes in con-
vective ‘heat loss with body
. : movement,
Maximum 100 ft/min Flow rates above this level
' ' are subjectively drafty and
to prevent uncomfortable
local skin temperatures.

Hrmidity ‘
Minimum 8 mrn Hg partial Below this level the mucus
of water membranes begin to dry res=
sulting in discomfort and in-
creased possibility of respi-
ratory infection, A
Maximum 95% R.H. At this relative humidity
level, liquid water is usually
condensed on some surfaces,
At high metabolic rates where
sweating may occur, humidity
will be limited by comfortahle
air or wall temperature,
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The table on environmental design criteria did not incor-
porate the element of time in the limits of the environ-
mental factors or the tolerance levels. For this data,
Figure II-C-1 is presented to show the thermal require-

ments for tolerance and comfort in crew compartments.

_—~
& TRS~1MTED

o

- “"12 HRS TOLERANCE
/{)4/) ~ l HOT %ONE

s !

COMFORT ZONE

SITTING MAN DRESSED IN CONVENTIONAL

CLOTHING (1 CLO) DOING LIGHT MANUAL.

WORK IN 14.7 PSTIA ATMOSPHERE.

| AIR MOTION EQUALS 15-25 FPM

RH = RELATIVE HUMIDITY
1IMITEp FOR LOWER PRESSURE ATMOSPHERES, THE

i/ 1 HR roLERANCE TEMPERATURE LIMITS WOULD DROP
/Cé%?/ coLp zong SLIGHILY.

1/2°
i

10 20 30 40
' VAPOR PRESSURE (mm Hg)

Figure II-C-1 Thermal Requirements for Tolerance and Comfort in.

Crew Compartments {Ref. C,3}
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The insulation effect of clothing with regard to time must

be considered for various temperatures.

The following

figures, Figure II+C-2 and II.C-3 are presented to de~

. pict the approximate human time tolerance relationship
with temperature and the clothing requirements for men
A'working at different temperatures,

:: s N T Tl e AT Temperature | Clothing Require-
"‘Q;:‘“?mam c F ments (clo)
100 -
. W e 36;7‘; 832 10.0-  Nude
H 1.1 7 0.5 Light
i. & e 10.0° 50° 1.2 g
s e =ams ANl -~1.1 30° 2.0} Medium
% v /{'ﬂ [ é {-“I ’.52(':%?““‘: .} -12.20 10° 2.8
b ALy -23,3° | -10° |38
: i -34.4% | -30° 4.82 Heavy
R /4 — ~45.6° | -50° |s.5
'i’ - Y ] Cold Ingury to 108
“ Figure II-C-3 Clothing Requirements
- for Various Tempera-~
o < tures (Ref, C.8}
- 10 Min 3 ar, 10 hre, 1 dey. 0 days

Figure II-C-2 Approximate Human Time-
Tolerance Temperature with
Optimum Clothing {Ref., C.4)

3.2

" Atmospheric Composition Comparison

In addition to a nitrogen-oxygen (N2~O_2) atmosphere,
~ the possibility of using a helium-oxygen (He-Oz) atmos~

phere is possible.

Generally, the comfort zones for the

helium-oxygen environment are higher than for a nitrogen-

oxygen atmosphere.

This effect is negligible at low Clo

values but became more significant (7°-10°F) at Clo values
In all cases, the clothing values were corrected

near 1.0,

for increased thermal conductivity of the helium mixtures.

For normal gas velocities of 20 ft/min to 80 ft/min, me-
dium clothing (0.7 Clo) and one earth gravity, the follow-
ing data are representative for the temperature comfort

zone, see Table II.C-3,
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TTa'ble II.C-3 He—dz and N, -0, Atmosphere for One-G (Ref. C.5)

5 psia (3.5 psia O;)

7 psia (3.5 psia Oy)

92°F upper limit

94°F upper limit

He-0O, 82°F average 859F average
73°F lower limit 76O°F lower limit
83°F upper limit 84°F upper limit

N,-O, 77°F average 78°F .average

71°F lower limit .

73°F lower limit

From these data, it can be seen that with a helium-oxygen
atmosphere, a 5° to 7°F higher temperature can be used

An assumption made for the comparison was that the tem-

and crew comfort will still be ma1ntaived

perature of the spacecraft interior wall is very close to
the spacecraft cabin gas temperature. For several rea-
sons, this agsumption is reasonable until vehicle design

details are known.

High-performance super-insulation

will minimize heat lost or gained by the spacecraft. In
addition, equipment items in the cabin tend to block radia~
tion. Insulation in the spacecraft and on the equipment

~ will prevent moisture condensation on the walls and also
prevent large fluctuations in wall temperature. There-
fore, mean radiation will be almost equal to cabin gas

temperature,’

If the radiate temperatures are greater

than the cabin temperature, equations show that the com-
fort temperature difference between an He-O, and an
N2 -O, atmosphere are greater than shown above.

The following are representative data modified to appro-
ximate zero-gravity conditions. The gas velocity is 50
- ft/min and the metabolic rate is 460 BTU/hr. Wall tem-

perature is assumed to be within + 1°F of average cabin
These data are presented in Table II-C-4,

temperature,

Although no data were presented at 14.7 psia, /1t can be

e

/s
s

seen from the above data that at this higher pressure the
temperature comfort zone will be slightly elevated for
both mixtures and the difference between the two mixtures
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. will remain substantially the same or increase slightly.

Table II-C-4 He-O, and N,-O, Atmosphere for _Zez:o-ﬂc.} (Ref. C.5)

5 PSIA 7 PSIA 10 PSIA
He-Oz -
0 Clo 76° - 80OF | 78° - 81°F %90-83°F
0.5 Clo 720 - 75°F 750 _ 780F 77°-8b°F
1.0 Clo 68° - 71°F | 72° - 75°F . 74° - 78°F
N,-0,
0 Clo 75° - 79°F 76° - 80OF {770 - 81°F
0.5 Clo 68° - 71°F | 690 - 72°F 70° - 73°F
1.0 Clo 61° - 64°F | 61° - 65°F . 62° - 66°F

Two effects seem to be present to account for the higher
temperature comfort zone with the helium-oxygen atmos-
phere. One is due to the larger gas conductivity of Helium,
The second results from thé influence of gas conductivity on
the resistance to heat flow in the clothing. Thermal resis-
tance of clothing appears to be dependent on the thermal
resistance of the atmospheric gas entrapped in the cloth-
ing.

More extensive testing is required to further evaluate the
effects of a helium-oxygen atmosphere. For example,
the effects of the mixture during a heavy exercise period
with its increased metabolic rate need to be investigated.
Tests at varying pressures with different amounts of
clothing should be conducted. The long-ter»m physiolo-
gical effects of a helium-oxygen atmosphere are largely
unknown. Leakage rates for He-O, are higher than for
N, -O, environments.

These factors lead to the conclusion that 2 nitrogen-oxy-
gen atmosphere is most suitable for the anticipated
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- mission profiles. Special applications of the helium-
‘oxygen atmosphere might be possible in some specific
cases, :

4.0 Psychophysiological Effects

For any mission, ‘the controllable factors that will affect
the crew from a psychophysiological standpoint are the
dry-bulb temperature, relative humidity, and gas velo-
city. If the limits of any one of these are exceeded, the
other two factors will be affected. It is almost a direct,
relationghip in that as discomfort increases, performance
efficiency decreases. Of the controllable factors, rela-
tive humidity is difficult to detect when it is out of the
acceptable range before some physical effects are recog-
nized, The most physical harm is done when the rela-
tive humidity is too low, below approximately 10% rela-
tive humidity or 8 mum Hg vapor pressure, for this will
dry out and irritate the mucous membranes. However,

it must be noted that relative humidity can vary more than
any other factor without affecting crew performance,

4.1 Heat Regulation

s
A)

The human body modifies its surface with variations in the en-
vironment so as to maintain heat balance in the body.’

This is accomplished by varying the size of the blood
vessels to either restrict or increase blood flow through

‘the skin, activation of sweat glands, and the adding or
removing of clothing. The following figure, Figure

II-C-4, depicts the human body temperatures and zones |

of temperature regulations, :

5.0  Application : J

- -

applicability, the activities and their corresponding mete
bolic rates for each area of the spacecraft are required.?
It is also necessary to know to what extent each factor, |
that determines the comfort zone, contributes to the
total environment., To satisfy the first requirement,
Tables II-C-5 and II-C-6 were constructed as typical
activities by spacccraft area and metabolic rates for
space missions. Of the principal factors affecting

In determining the temperature criteria for spacecraft l
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%y O¢ Upper Limit ‘
114~ of Survival? Temperatu:e
- Regulation
Ny | Seriously
44 Heat Stroke Impaired
110+
.42 Brain Lesions %
106"“40 } Fever Therapy
T Febrile Disease | Lemperature
1021 Hard ﬁn . Regulation
38| ] ard kxercise Efficient in
98+~ } Usual Range eof Febrile Disease
436 Normal ' Health and Work )
94"_34
T Temperature
90+ 39 | Regulation
¥ ' . Impaired
86-_30
8228
4 : : Temperature
78426 } Regulation
iy Lower Limit - Lost
-24 of Survival?
74~

Figure II-C-4 Human Body Temperature Extremes Defining Zones

of Temperature Regulations (Ref. C,4)

human comfort, dry-bulb temperature carries the greatest
weight in maintaining the comfort zone. This is due to

the fact that for any specific pressure or gas composi-
tion, the dry-bulb temperature must be held to the opti-
mum value plus or minus 5°F. Dry-bulb temperature

is also the determining factor for the relative humidity

of the environment.

Next to dry-bulb temperature, the gas flow rate has
the most effect on the human comfort zone. This effect
is graphically shown in Figure II-C-5. As can be seen
from this graph, at the optimum gas flow rates of 30 to
80 fpm and on the low temperature side of the comfort
zones, a change of 10 fpm in gas velocity results in an
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Table II-C-5 Metabolic Rate for Space Activities in Zero-G

Range BTU/hr

Metabolic Rafe

Activity Nominal BTU/hr
Sleeping 250 - 350 300
Eating 350 - 550 450
Monitoring Systems 350 -~ 650 500
Sitting at Rest 300 - 500 400
At Lecture 400 - 800 600
Typing 500 - 700 600
Cooking 600 - 1000 800
Assembling Parts 800 - 1000 900
Walking 650 - 950 800
Exercising ~ 1200 - 2200 1700
Transporting Cargo 800 - 1600 1200
Changing Clothes 600 ~ 9060 750
Strenuous Sports 1800 - 2800 2300
General Office 500 - 900 700
Welding 550 - 750 650
Sheet Metal Work 1000 ~ 1750 1350
Electrical Assembly 800 - 1200 1000
Machining 550 -~ 750 650
Electronic Repair 500 - 700 600
System Checkout 500:- 1000 750
Writing 350:- 550 450
Playing Games (cards,

chess, pool) 400 - 650 525
Watching/Listening

Entertainment 300 - 500 400
Washing 700 - 1300 1000
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Area Activities in Space Vehicle

ACTIVITY

"AREA

Sleeping
Eating

Monitoring Systems

Sitting at Raat
At Lecture
Typing

Cooking

Agaenbling Parts

-

alking

Exercising

Transpoerting Cargo
Changing Clothas '
Strenuous Sports
General Office

Welding

Sheat Matal Work

Electrical Asgsembly

Machining

Electronic Repair

Systom Checkout

System Opevator . . ]

Writing

Playing Games

Watohing/Listening Entertaiomant

Washing

LIVING ARFAS
Lounge
Recreation
Passageways
Study or Library
Bedroom
Bathroom
Clagsroom

FOOD PREPARATION AND
SERVING

Kitchen

Dining Room

Food Storage

Snack Bser

SERVICES
Laundry
Briefing Room
Lockar Room
Theater
Dispensary
Chapel

. Barber
Supply
Maintenance
Equipment
Gym

Power

WORK_AREAS
Control Room
Afrlocks
Inspection
Photographic Support
Animal Bousing
Docking -
Agricultursl Study
Computer
Offices
Laboratoxry
Shops
Communications

M M
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30 40 50 60 .70 80 90 100 110 120 130"
‘ Air Flow Rate, fpm
II-C-5 Air Velocity Effects on Human Comfort Zones -

approximately 5°F change in temperattire. The rate

of temperature change on the high side of the comfort - :
zone is much less due to the sensation that increasing ;
the gas velocity has a cooling effect and movement of the
warmer gas does not create as great a change in the
feeling of coolness as does the cooler gas.

PR R

Sample Calculations |

Since gas velocity ranks second only to temperature in
air conditioning, it was reasoned that if the same mass

of gas at a given temperature flows past the crew member
in a given time period, the amount of heat removed or
added to the crew member could be directly correlated

to the sea level comfort zone. This is assuming the gas
behaves like an ideal gas, Gases at the low pressures

of the spacecraft do behave as ideal gases and the rela-
tionships were worked out using the perfect gas law,

P = PRT and the general energy equation Q = hA(Tg-TA),
(Ref. C.6). The gas constants (R) for the gases were
determined by dividing the molecular weight of the gas
composition into the universal gas constant, 1545, The
molecular weight of the gas composition is found by taking
the percentage of each part and multiplying the percentage
times the molecular weight of that part and adding the two

‘together, With the gas constant known, the density of the

composition can be found.

e ey, T - e,




Sample

O,-N, gas at 5 psia, and O2 partial pressure of 3.07

- psia
L - o
FIND: Gas Composition Constant (R} 1
KNOWN FACTORS: Molecular Weight of Oxygen = 32
Molecul\a‘r Weight of Nitrogen = 28 ;
STEP 1, Calculate the percentage of Oxygen = 3.07 psia _ :
5 psia
61% O, , .
Therefore percentage of Nitrogen = 100% -
61% = 39% N, '
STEP 2. Calculate Molecular Weight of Composition =
(61%)(32) + (39%)(28) =, 30,44
STEP 3. | ’
Gas Constant (R) = Universal Gas Constant = 1545 _ 5076

Molecular Weight of Composition 730,42

Note: For an Oxygen-Helium composition at 5 psia,
repeat steps 2 and 3 but use the molecular weight
of Helium (4) instead of the molecular weight of
nitrogen.

ey

To determine density of the _02--N2 gas at 5 psia with the
new R value and using the perfect gas law, P = PRT,

a temperature of 75°F was arbitrarily selected. There-
fore, T is equal to 75° + 460°F = 535° Rankine,

: ‘ ia)(144 in2 /£t2 ’
; STEP 4, A= g = B psial(at in® /87) o o564 1p/5t°
i (30. 44)(535)

T P T P A e T T e Ty 1 bt T e e S
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COLOR

Introduction

The use of color in spacecraft is necessary in providing
visual stimulation for the occupants and in creating different
moods to relieve the monotony of prolonged confinement.

For the design of stations whose mission time is of a rel-
atively short duration, the selection of colors to serve both
functional and psychological requirements presents the least
difficult problem. However, for missions of long duration
the need for visual stimulation and variety increases. Ex-
tended missions with a single crew requires the capability
for color changes within the envelope to break the monotony
-of the same surroundings over an extended period of time.

Factors involved in color planning are: room volume, area
function from the real aspect, and room function from a
psychological and behavioral aspect, and considerations as
to who the observer will be. This point is important, due to
the fact that the crews will be made up of average individuals
selected for their professional stature, without undue regard
to their sex, age,or emotional and physical make-up.

N

Definitions

Hue

The property that distinguishes one color from another; e. g.

green from blue. . -

Intensity

The quality which indicates the degree of color strength of
hue. As a color is muted or softened by the addition of its
own complement on the color wheel, its intensity diminishes.

.Value

The degree of lightness or darkness of the color relative to
a white to black scale.

Dominant Hue

The general overall color of the area, or the largest color
application.
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Subdominant hue .

The second largest color application, -

‘ Subordinate hue

Those colors used to accent the dominant and subdominant hues.

Monochromatic Color Scheme

A scheme utilizing one spectral hue,
e. g., blue in varying values and
intensities.

Analbgou’s Color Scheme

A scheme utilizing two or more
hues next to each other on the
spectrum e. g. blue with blue-
green or blue-violet.

\

Monochromatic or Analogous Schemes with Complerhentary
Color Accents ' ' ‘

The basic monochromatic or analogous color scheme utilizing
the complementary color(s) of the basic hue(s) as an accent.

Monochromatic Analogous
Complementary Complementary

Factors Detail Discussion

There are three factors which determine the quality of a color.
These factors are hue, intensity, and value. Used in the proper
manner these factors can make a room look expansive or cramped

dark or light, and calm or exciting. .

LT G WO, N
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Hue

Most good color schemes consist of no more than three
hues. Whether warm or cool hues should be used is
determined by the function of the room involved. Warm
hues are associated with extroverted responses and
feelings. Where it would be beneficial to emphasize
feelings of extroversion, e.g. an area in which social
contact is implicit to the function of the area, usage of
warm hues will maximize these feelings, usage of cool
hues will minimize them. Warm hues generally should
be used if the temperature of the room is cool, the noise
element is low, the room size is too large, texture is
smooth, physical exertion is light, time exposure is
short, a stimulating atmosphere is desired and lamps

are fluorescent (cool). The introverted response is
associated with cool hues, Where a contemplative atmos-
phere is dictated by the function of the area cool hues will
add emphasis; warm hues will dilute this typ:e of atmos-~
phere. Cool hues should generally be used when the tem-
perature is warm, the noise element is high, room size
is too small, texture is rough, physical exertion is heavy,
time exposure is long, a restful atmosphere desired and
lamps are incandescent or fluorescent (warm).

\

Intensity

Color intensity induces two basic mental sets which may
be described as centrifugal and centripetal. A centri-
fugal mental set is one in which an individual's attention
is directed outward. High color intensity and high levels
of illumination as well as warm hues evoke this set to
its highest degree.

Converseiy, the centripetal mental set directs an indiv-
idual's attention, inward. Low color intensity and low
illumination as well as cool hues maximize the centripetal
mental set.

Intense colors will be used primarily as accent colors.
Intense colors should be used if time exposure is short
responsibility low, noise level is low and stimulating
atmosphere is desired.

S S
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Muted (less intense) colors are used where time exposure

is long, responsibility high, a restrained atmosphere is

desired and noise level is high.

Value

In determining the color value of a2 room the desired level
of illumination should be kept in mind. Light color values
should be used if a high level -of illumination is required.
Dark values tend to produce a low level of illumination.

Contrast within a room is achieved by using light values
with dark values. Contrast should be low if time exposure
is long, room size is small, a restrained atmosphere is
desired and wall surfaces are textured. Contrast should
be higher if time exposure is short, room size is large,
an exciting atmosphere is desired and wall surfaces are
flat, ’

As a color is grayed the further it appears to be from

the eye of the observer. Atmospheric perspective conditions
the eye to perceive gray colors in this manner and this nat-
ural phenomenon is retained by the observer in artificial
environments., Thus, color value can be used to visually

enlarge a space.

Dominant Hue-

The dominant hue in most cases will be the wall color,
and is generally the lightest in value, '
& !

Ceilings are usually white or off-white in the direction .

- of the dominant hue,

Subdominant Hue

The subdominant hue is of a higher intensity of deeper
value than the dominant hue, and is applied to the second
largest surface (generally floor surfaces}), The subdom-
inant hue will usually be of the same hue or adjacent to
the dominant hue on the color wheel.

-
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Subordinate Hue

Subordinate hues will be used on furnishings, accessories
or as accent colors in areas relative to the space involved.
Two or more subordinate colors may be used but a judic-
ious use of the colors is recommended. The subordinate
hues are of a higher intensity of deeper value than the
dominant and subdominant hues. They may be of the same
hue, or adjacent or opposite to the dominant hue on the
color wheel.

Monochromatic Color Schemes

!

Monochromatic schemes tend to be dull to the observer and
should generally be avoided, but they serve well in storage
areas and the like. They should also be considered in areas

where relief from too constant an effect of color saturation
exists.

Analogous Color Schemes

Analogous schemes (those utilizing colors adjacent on the
color wheel) create low key interest, due to the subtle dif~-
ferences inherent in this type of scheme. This scheme

is recommended for areas where relaxation and reflect-
jon are desired.

Monochromatic or Analogous Color Schemes with

Complementary Accents

The greatest range of contrast and interest is available
through the use of complementary color accents to either -
the monochromatic or analogous color schemes. Care
should always be exercised in maintaining a pleasing '
balance between these accent colors and the basic color
scheme.

When complementary accents are employed, no more
than three hues should be considered; most often a single
hue varying in intensity or value is the most effective.

The use of complementary color accents can control
the degree of excitement in any given space. A broad
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application of complementary colors creates more

excitement than will a limited application. !

‘Psychophysiological Effects

The association of colors with definite mental conditions
and moods is general, and much has been written on the
psychology of color. No absolute relationships -have been
established, and the subject is open to individual inter-
pretation. However, research has shown that certain
general reactions are common to most people. Thus,
yvellow is considered a warm color and blue a cool color.

No specific psychological response$ to color will be pre-
sented here. General information is presented as a basic
guideline in color planning.

Obviously, reflectance values of colors are important in

planning areas where sight requirements are high; low

reflectance values are sufficient where sight is not an

important requirement in the accomplishment of work ‘
tasks. Reflectance values should therefore be considered ‘
in these areas. l
Colors affect perception of space and are capable of creat-
ing different feelings and moods. The simplest of these
considerations is discussed below.

Spatial Perception

Color affects the apparent size of objects and their position
in space. Warm colors (reds, oranges, yellows) are
advancing colors, and cool colors (blues, greens, purples)
seem to recede in space. As these hues are muted their
effects upon position diminish. '

When a small colored area is surrounded by other colors,
intense red is the most advancing color and dark blue and
black are the most receding.

When color is applied to a large area such as the walls of
a room, black and dark red are the most advancing colors;
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white and light blue are the most receding colors.
Intense colors mixed with black tend to advance, making
rooms seem smaller; intense colors mixed with white
tend to recede making a room seem larger.

Psychoiogical Effects

See Table below for ps&chological effects of various colors.
Table II-D-1

PSYCHOLOGICAL EFFECTS OF HUE

PSYCHOLOGICAL :
EFFECT HUE CONTRAST
Exciting Bright Red High
Bright Orange
Stimulating Red Moderate
. ' Orange
Cheering ‘ - Light Orange Moderate
Yellow '
Warm Gray
Neutralizing Gray Low
White/Off- White
Retiring - Cool Gray Low
' Light Green
Light Blue
Relaxing . Blue Low
! Green :
Subduing Purple . Moderate
Depressing : Black Low

Application of Color Standards

Reference

. Color schemes as presented herein have been developed

from the Ostwald Color System in order to communicate
color implementation to the handbook user.

This system is broadly used, but is by no means intended as
a sole source. As with any system, there are certain

s
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inherent limitations in expressing all nuances of color,

Color variants which present-themselves at various
design stages should be handled on an individual basis.

Usage and Implementation .

This paragraph presents, in general terms, the procedure
to be followed in establishing a color scheme for a specific
area. In an actual working situation, an activity area
(particularly a combined activity area) must be thoroughly
defined in terms of mood (s) desired prior to selecting

a color scheme.

Table II-D-2 has been developed to define, in general
terms, desirable and undesirable psychological moods -
in various areas. Table II-D-1is then employed to select

the hue which will best evoke the desired mood.

Having assigned a hue, the intensities and values should
be considered next, High intensity hues are used to create
a stimulating atmosphere and low intensity hues are used
to create a relaxed atmosphere {see para, II-D=3.2) Th
value of the hue to be applied will be dependent primarily
upon the level of illumination required. The use of light
values with dark values creates contrast. Value contrast
should be high for areas where an exciting atmosphere

is desired and low for areas where a dignified or relaxed
atmosphere is desired (see para. II-D=-3, 3),

The color schemes presented are intended to serve as

a guideline only. These do not represent specific standards :
but are generally acceptable color schemes for the desig-

nated areas. A

Monochromatic and Analogous Color Schemes are included; |

in addition, Complementary color Accents are provided }
for both schemes, ’ ) S

e




Table II-D-2

PSYCHOLOGICAL EFFECTS OF COLOR UPON HABITABLE AREAS

EXCITING

STIMULATING

RETIRING

P Sk e o

PRIVATE

Crew Compartments

O|NEUTRALIZING

PUBLIC

Dining Room

O] O |SUBDUING

Lounge

isdl ¢ [ CHEERING

Recreation

Library

o|ofx|

O

Sl 15| ¢ RELAXING

>

Study

>

Conference

Passageways

Chapel

Gym

ble

%0

Locker Room

OlO|

olols

Theater

Briefing Room

s Bke

O |00 0|%O

SERVICE

Galley

Snack Bar

Bathroom

Dispensary

M X0

ks

Laundry

Barber Shop

WORK

Equipment

R IRt bits

Maintenance

Power

Storage, Food

Supply

Control Room

Communications

‘Computer

Shop

Q|0]|0}0

Offices

Laboratories

Docking

0(|0}|0{0|0|0|0

Photographic Support

Animal Housing

Agri, Study Area

Y R N e P N N E A P E I B EA B S

Air Locks

o

Legend:

GQ

H

O >
H

Desirabie Eficct
Undescivabile Elfect

OOOOOOOOOOOOO‘OOOOOOOOOOO‘OOOOOOOOOOODEPRESSING
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The following charts have been prepared in a combined
f6rmat since certain of the colors are shared by both
monochromatic and analogous schemes. Complementary
accents are provided for each scheme. The dominant
color remains constant throughout.

MONOCHROMATIC

ANALOGOUS ' : .

Subdominant
Subordinate
Subdominant
Subordinate

Dominant

Monochromatic Color Scheme

The Monochromatic Color Scheme consists of the Dominant
Color, the Subdominant Color and no more than three of
the Subordinate Colors: :

MONOCHROMATIC

~ Dominant
Subdominant
Suberdinate

e
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Analogous Color Scheme

The Analogous Color Scheme utilizes the same Dom-
inant Color; the Subdominant Color may be selected
from either the Monochromatic Scheme or from the
Analogous Scheme. Subordinate Colors may be sel-
ected from either category, as well. (Subdominant
and Subordinate Colors may be intermixed in any
combination to produce an Analogous Color Scheme).
Obviously, selection of colors solely from Monochrom-
atic category would result in a Monochromatic Scheme,

MONOCHROMATIQ

ANALOGOUS

Subdominant
Subordinate
Subdominant
Subordinate

Dominant

Complementary Color Accents

Complementary Color Accents are provided for both
Monochromatic and Analogous Color Schemes. Selec-
tion of these accent colors should be made with great
discretion and should never exceed three in number,

MONOCHROMATIC
] ANALOGOUS
>
S
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5.3 Informational Color Application

The United States of America Standards Institute rec-
ommends that the following colors be utilized in con-
nection with accident prevention, the marking of phy-
sical hazards, the location of safety equipment, and
the identification of fire and other protectlve equipment,

etc.

Red:

Orange:

Yellow:

Green:

Blue:

CEAETRETI o re2 T T

Red shall be the basic color for identification
of:

(1) Fire protection equlpment and apparatus
(2) Danger

(3) Stop

Orange shall be used to designate exposed

unguarded hazards, such as:

(1) Inside of transmission guards for gears
pulleys, chains, etc.

' (2) Exposed parts (edges only) of pulleys,
gears, rollers, cutting devices, power

jaws, ctc,

(3) Salf ety starting buttons

Yellow shall be the basic color designating

caution : .

(1) Waste containers for explosive or highly
combustible materials.

(2) Caution Signs

(3) Piping Systems containing dangerous
materials.

Green shall be used as the basic color desig~

:nation for safety and the location of first aid
" equipment.

Blue shall be the basic color for designation of
caution limited to warning against the starting
the use of, or the movement of equipment ur\dpl
repair or being worked upon,

R e ey — v T i o
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Purple: Purple shall be the basic color for de51g-

nating radiation hazards.

(1) Rooms where such material is stored
or handled. '

(2) Disposal cans for radioactive material

{3) Contaminated equipment

(4) Signal lights which indicate when radiation-
producing units are in operation,

Color coding standards for rharking fluid lines and
valves for military equipment are as follows:

Red:
Green, Gray:

Red, Gray:

Red, Gray, Red:

Orange, Green:
Yellow:

Blue, Yellow:

Ofange, Blue:

Orange, Gray:
Blue:

Green:

Brown, Gray:

Yellow, Orange:

Brown:
Gray:

Yellow, Green:

Fuel

Rocket Oxidizer
Rocke:t Fuel
Water' Injection
Inerting
Lubrication
Hizdraulic
Pr.ieumatic
Instrument Air
Coolant
Breathing Oxygen
Air Conditioning
Monopropellant
Fire Pfotection
De-Icing

Rocket Catalyst
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Orange: - Compressed Gas .
@rown, Orange: Electrical'Conduit ‘
.~ White: . All other

The Interstate Commerce Commission requires that
dangerous products be marked in the following manner
when being shipped.

Red letters on white background:
(1) Poisons ‘ '
(2) Explosives _ : i
{3) Poisonous gases ‘
(4) Tear gas

Black letters on green background:
(1) Compressed gases

Black letters on red background:
(1} Inflammable liqaids

Black letters on Yellow background:
(1) Inflammable solids
(2) Oxidizing materials . .

Black letters on white background:
(1) Acids

The above list is by no means complete. Many color \
codes exist within specific industries for designation of
certain materials and operating conditions. ’ |
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VOLUME

Introduction

The volumetric objective of this study was to define the
minimum desirable volume for specific activities as
related to mission parameters., Specifically, the study
addressed itself to developing standards for extraterres-
trial habitats, in which the average person could work,
sleep, eat and relax comfortably and efficiently over
long periods of time,

This study therefore represents a departure from many
past studies directed at developing volumetric guidelines

" of manned space flight in that it concerns itself with

average individuals in no special combinations rather
than exceptionally fit (mentally and physically) individ-
uals and ideally matched groups. The objectives are
clear; that the habitability should be such that individuals
(scientists) could be selected on their professional quali-
fications alone without undue regard Ior their pnyszcal or
emotional makeup.

Insufficient data exist to determine what minimum de=~
sirable standards are, therefore, the reader must
recognize that the volumetric recommendations devel-
oped should be used as guidelines only and do not repre~
sent fixed standards., The unknown figures include not
only total volume but also the apportionment of volume.

It is probable that within any randomly selected highly
talented group of professionals, a high percentage of -
dominant typgs would exist, Confining such a group in
very tight quarters could possibly lead to considerable
interpersonal stress. It is because of these potentially’
stressful situations that the adequate and appropriate
division of space becomes so critical., This is not to
say that adequate volume alone will make a space hab-
itable, One factor which is impossible to determine at
this time is that of leadership which some behavioral-
ists consider to be one of the most important single
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factors in determining group response, effectiveness and
morale.

A factor which can be affected by the designer and is
common to all confined habitats from Arctic camps to sub-
marines and experimental simulation, is the monotony of
the environment. This sensual boredom seems to have
less to do with volume of space -(assuming a baseline of
acceptability) thanit does with thetreatment and geometry

* of that volume, the boredom that sets in after an extended
period of confinement appears to be one area in which
existing confined habitats are the least successful in solving
In this area lies a challenge to the designer to develop a
habitat which will, to the maximum extent possible, pro-
vide for some degrece of change in the physical environment
of the habitat. The need for change is discussed further in
the sections on lighting, acoustics, color, texture and dual
room usage, sections A, B, D, F and H respectively.

Using what may be corsidered an additive approach to
determining total volumes, general volumectric guidelines

- have been developed for all those activities for which the
volumes are not mission-equipment related. That is,
recommendations have been developed for only those areas.
in which all furniture could be defined. These areas are:

Crew quarters

Bathrooms

Dining Room {

Conference/Briefing Room

Chapel '

Theater

Lounge

Library

. Gym : -

10. Locker Room . '
11. Barber Shop ' '
12. Dispensary

13. Office

14. Passageway

ogO«xO*gn»bwgvu-a
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Schematic layouts illustrating acceptable layouts as
well as various activity-related key dimensions, appear
in section IIIL

While it has been the intent of this study to determine
extraterrestrial volumetric needs, the recommendations
are presented in terms of square feet of floor space and
ceiling height requirements., This has been done to fac-
ilitate visualization of the recommended volumes, For
instance, it is easier to visualize a 100 square foot room
with a 7 foot ceiling than it is to visualize a room with a
volume of 700 cubic feet,

As a general rule, it is recommended that volumetric
provisions for individual activity areas such as dining
sleeping, etc., increase in a direct arithmetic progres~
sion in relation to crew size, In other words, a dining
room designed to support a crew of 15 should double in
size to support a crew of 30 in a similar fashion,

In regard to the total volumetric needs of the overall
station, it is recommended that the total space provided
for activities other than work be expanded by more than
an arithmetic amount when the crew size is increased
substantially and an increase in station volume should
accompany a substantial increase in mission duration,
These recommended increases are a direct result of

the increased need for compartment specialization
experienced with longer missions and larger crew sizes,
This is explained in more detail in paragraph II-E-4, 3. 2,

Gross Area

NTr——

Gross Area is the approximate area required to attain '
the minimum tabulated net area. Gross area is found
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by deducting only large ventilation trunks, access trunks
and other similar items, No deduction should be made
for normal access ladders or main passageways within
the space. This area represents the entire wall to wall
area.

Area per Man

Area per man refers to the numerical figure arrived at
by dividing the gross area of a space by the number of
occupants the space is designed to hold.

Net Area

Net area is defined as deck area that can actually be
walked upon., Deck area occupied by trucks, hatches
fixed berths, lockers, installed furniture, etc., ex-
cluded. ;

Visual Space

Visual area is the an;‘xoun’c of space visually perceived

as usable. This space is related to physical objects

in a room (e. g., furniture and partitions) and the place-~

ment of these objects relative to the observer's eye level

(sitting and standing). For example, a 7 foot long X 3 foot

wide X 5 foot high bunk bed placed against the wall in a

7 foot X 7 foot X 7 foot room appears to make the room look

smaller. On the other hand, a single low bed 7 feet long,

3 feet wide and 18 inches high, placed against the wall in

the same 7 X 7 room does not significantly reduce the

visual area of the room. .
Area (Square Feet)

Room and Furriishings Gross Net Visual
7 X 7 No furniture 49 49 49
7X 7 Low Bed 49 28 49

7 X 7 Bunk Bed 49 28 28,
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Minimum Desirable Volume

That volume provided for a épecific activity which man
will perceive as adequate, )

A minimum desirable volume provides adequate space

to support the dynamic envelope man describes in per=-
forming the activities related to that space, the volume
in which man feels comfortable in regard to distance be-

© tween himself and others, and the volume which man

visually perceives as adequate during all activity con-
ditions.

Factor Detail Discussion

Gross Area

Gross area represents the total area occupied by an ac -
tivity and is useful in tabulating the overall station
volumetric requirements. Because gross area takes

in all of the area cccupied by built-in furniture, storage
units and the like, it is not a useful figure for visualizing
the usable area in space.

Area Per Man : s

Since this figure relates to the number of occupants

a space is designed for, it is useful in figuring area
requirements for public areas and other areas in which
the number of occupants determines the spatial require-
ments of the room. :

Net Area

This figure is especially relevant in those areas which
are occupied for extended periods of time and are of
limited size (e.g., offices and private quarters).

Visual Area

Like the net area this area consideration is especially
important in small areas in which people are likely to
ible amount of time, such as private

T
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Minimum Desirable Volume

The perception of space as adequate, small, large, etc.
is a subjective response to'an area based on a number of

factors, among them being:

1. Kinesthetic response
2. Interpersonal or social response
3. Visual response

Kinesthetic/ Anthropometric Spatial Requirements

Kinesthetic and anthropometric spatial requirements refer
to the size and shape of a space required to contain both
"point" and "transfer" body movements related to specific
tasks in both an artificial gravity and a zero gravity
environment. : ‘

Point Movement

That movement occurring at a fixed point of restraint or
positioning such as movement related to the act of putting
on a pair of socks as illustrated in Figure II-E-1.

Effect of Gravity Level on Point Movement Spatial
Requirements

Point movement spatial requirements established in a

gravity environment will most likely prove sufficient in

zero gravity., However, as illustrated in Figure II-E-1, .
point movement spatial standards established in a gravity
environment may prove to be extravagant in some cases

if used to establish zero-gravity spatial standards.




Figure II-E-1 )
Point Restraint Area
Requirement

T 25" == 20"
e e E o

—

~_

Y

Putting on Socks: 50% Male  Putting on Socks: 50% Male

Scated -~ Artificial Gravity Waist Restraint - Zero Gravity
A-54" Seated Erect A-70" Standing Erect
B~45"'" Seated Crouched B-60" Standing Crouched

X - Point of Restraint

R
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Transfer Movement

That movement occurring during bodily transfer from
Each type of activity requires that

one point to another.

a certain amount of space be provided to contain the re-
lated movements. It is this type of movement which deter=-
mines minimum widths for passageways and establishes
the minimum distance between chair backs in a dining area.

" Figure II—E-Z
Passageway Area Requirement

3.5.1.2.1

60"

Zero-Gravity

Effect of Gravity Level on Transfer Movement Spatial

30"

oy

78"

P

42"

Artificial-Gravity

. Requirements

>

As illustrated in figure II~E-2 it appears that an enclosed

30" X 60" passageway will be sufficiently large for two way

traffic in a zero gravity envircnment,
stantiated by both operational (Apollo) and simulated mis-

This figure is sub-~

sions. This represents a 45% reduction in volume over an
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' acceptable artificial gravity two way passage. For ex=
- tended open area transfer, to facilitate what appears to be
the most natural type of movement, that is, head first
""push off and glide", and to minimize the possibility of
collision between people in motion and people restrained,
it is recommended that straight aisles 30-60 inches wide
be provided between all obstacles such as restrained peo-
ple or tables. This recommendation is based on zero-G
parabola experience. This degree of table separation in
areas such as the dining room has the additional benefit
of maintaining a degree of audio privacy between tablés.

While it is not recommended that traffic be directed overhead
it is recognizable that traffic patterns should be high enough
to allow individuals to pick up visual cues for seat selection.

This concept is illustrated in figures II-E-3.

Figure II-E-3
Zero Gravity Open Area Transfer

Distracting

Preferred é@

"~'{%}-—s~d~ - —1\,-1-9_.
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The best arrangement is to provide individual personal
quarters for each crew member; any other arrangement
has inherent disadvantages. It is, in fact, recommended
that private quarters be provided for the individual even
at the cost of a reduced spatial enclosure. It is recom-
mended that the rooms should provide a minimum of
approximately 38 square feet of visual area. This rec=-
ommendation is based on the premise that the crew
quarters support the following six activities; sleep,
private relaxation, limited social relaxation, personal
work, personal storage and limited grooming. Depending
on the arrangement of the room the gross area require-
ment would be about 45-50 square feet.

Because of the lack of data regarding the interpretation
of visual space in zero gravity it was not possible to dev-
elop a2 recommended minimum desirable size for a zero
gravity private room. It is probably safe to assume that
"a private room which is adequate in a gravity environ=-
ment will be adequate in a zero gravity environment.

- .When there is no alternative but multiple occupancy in
personal quarters, it is best that the number of crew be
in even increments rather than odd, i.e., 2,4,6,8,
rather than 3,5,7,9. Group studies have indicated that
these even patterns reduce the chance of the '"'ODD MAN
OUT" condition to occur. . It is essential that partitions
or curtains be provided that ensure privacy as well as
territorial definition of the individual's personal space.
Also, the prior selection of particular crew members
to share quarters will be required since interpersonal
adaptation can be a problem in the sharing of personal
quarters. . ' '
i
The following gross area requirements were developed
providing each individual in the room with the same
furniture and storage equipment that he would be prov-
jded within a private room. Additional spatial economy
could be realized by reducing individual furniture stan-
dards. For instance, the desk could be shared bytwo
people.

T e
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Social Spatial Requirements

The standards recommended herein have been established
so that interpersonal contact may occur at the social
range established by behavioralists as comfortable to indi-
viduals in our society. It is felt that contact at personal

- and intimate distances should be a matter of choice rather
- than an imposed necessity. Examples of the application

of these standards may be seen in the recommended sizes
for crew quarters which provide adequate space for limited
socializing. "

"Visual Spatial Requirements

- A space will usually be visually perceived as adequate if

sufficient room is provided for movement and comfortable
social interaction.

Psychophysiological Effects

Privacy Requirements of Crew Quariers

Crew quarters designed to accommodate more than one

crewman must take into careful consideration the psychol-

_ogical factors of individual behavioral patterns. A fund-
amental need in man appears to be the provision for ''ter-

ritoriality' or in other words furtherance in the concept of
possession of property and rights of ownership. The

nature of the scientific ptrsonality operating in a new
dimension of exploration ‘who may be keenly possessive of
his data and findings during their formative stages might

be threatened by a situation in which other individuals .
invade his private sanctuary. If the function of the personal
quarters is to serve more than simply a place to ''sack out"
during off-duty hours, it must take into account these human
reactions. The term ''personal quarters' must be in fact
uniquely personal in the sense that this specific volume of
space belongs to a specific individual for the duration of the
mission. Active and outgoing personalities in opposition te
introspective types can create untenable reactions that
could have disruptive effects on the entire crew morale.

PPTTISNPALY BV S VE DRI
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Men/ R;om .Sguare Feet/Man (Gross)

1 - . 45-50 |

2 | 3

3 a2

4 | 36

5 » 40 '
6 | ’ | 39 E
7 o 40

8 . | . | 39

9 | : | : 42

The savings realized by utilizing multiple occupancy quarters
does not, in our opinion, justify their use in an extrater=-
restrial habitat.

Volume Requirements Related to Responsibility Level

For the purpose of this report, the crew would be organ-
jized into three levels of responsibility; command, line
officers and working crew.

The private facilities volumetric recommendations for ,
individuals at each level are illustrated and discussed in §
section IIl of the handbook and rationale book respectively.

It is recommended that the commander's office and bath-

room be located adjacent to his private room and there- j

fore, because of their accessibility they will be considered
a part of the commander's personal space.

It is recommended that, depending on the size of the crew, :
the deputy commander and line officers making up the f
management core of the station, be provided with direct

access into semi-private or private bathroom facilities

located adjacent to their bedrooms. It is recommended

that, like the captain's sea cabin in the U.S. Navy, the

R



2"119 =

4
]

private room serve only as a bedroom and as a place for
limited private work or discussions, and as such, it
need be no larger for the captain than for any other
crew member,

4.3 ~ Spatial Requirements as Related to Crew Size and
Mission Duration -

4. 3.1 Individual Activity Spatial Requirements

It is recommended that space provided for individual activ-
ities such as dining, sleeping, etc., as a general rule,
increase .n a direct arithmetic progression in relation to
crew size., In other words, a dining area which was designed
to support a crew of 15 men would double in size to support

a crew of 30 men in a similar fashion.

Spa,:cial standards recommended for the various individual
activities are such that there will be no increase in spatial
standards required as a result of increased mission dura-
tion. For example, a dining area which is considered as
desirable for a 60-day mission would remain so for a
180~day mission. | '

4,3.2 ° Total Habitat Spatial Requirements

>

It is recommended that increased space be provided in
the overall habitat as a result of a significant increase in
mission duration and that more than a direct arithmetic
jncrease in the overall habitat space be provided due to

a significant increase in crew size. This increased need
is illustrated in figure II-E-4, Hypothetical spatial re-
quirements are shown for habitats containing 15 and 30
men, i : ‘

The reason for the increased area requiremént is that
there exists an increased need for compartment spec-
jalization as crew size and/or mission duration increase.
This splitting off of activities into separate compartments
results in an increased level of sensual stimuli required
by extended mission duration and reflects the increased
complexity in scheduling activities for larger crews.
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.~ For example, an area in a 20 man habitat which as
its main function supports the activities of lounging,
training conferences, theatre, passive recreation and
snacks, will become less effective as mission duration
increases (same sized crew) or as the crew size increases,

The historical trend for habitat activity areas to become
increasingly specialized as mission duration and/or crew
.size increase is discussed in section H on Dual Room
Usage. '

Figure II-E-4 Overall Station Volumetric Requirements
as a Function of Crew Size and Mission Duration
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Effect of the Location of Living Quarters to Work Area

it is recommended that crew compartments be located

at a distance from the work areas for the following

- reasons:

y

a) Enforced social interaction

Locating the personal quarters at a distance from the
work area will have the effect of combating any tendency
for individual isolation to occur by forcing individuals to
pass through other activity zones,

b) Provide change of environment

Variety of spatial experience that should occur during
transit from one area to another is desirable as semsory
stimuli previding the ''change of pace'' between the schedule
of activities.

The determining factor of proximity between an individual's
crew compartment and his work station should be based on:

a) Responsibility for critical decision making
b) Under emergency conditions--what are the minimal
time limitations for decision making.

These factors will have to be determined according to the
individual requirements of station configuration, crew size
and mission responsibility.

Application

The volumetric standards recommended in the crew area
criteria section may be utilized in the early planning stages
to establish approximate volumetric figures for the off duty
areas only. It should be realized that these figures are
based on rectangular shaped rooms. Because of the unus-
ual geometry of some of the spaces resulting {from the re-
laticnship of the space to the vehicle pressure shell, the
desirable gross area recommendations will not always
prove sufficient. Additionally, the degrec of spatial
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efficiency and the resulting volume of dual room usage
combinations must be studied on an individual mission
basis to accurately determine acceptable area standards.
Ideally, these combinations should be studied in full scale
mock-ups to evaluate the spatial adequacy under all con-
ditions of occupancy. To aid in the development of graphic
layouts, select pieces of furniture are illustrated on the
following pages with acceptable standard dimensions where
appropriate. In addition to the furniture dimensions, the
related net or clear floor area is also shown as illustrated
below. These figures may be use}d to develop dimension-
ally acceptable furniture relationships within the area being
studied.

// 4 _Clear floor area required relative to fur-
//// niture elements (no passageway consider-

ations).
2% %% Clear floor area rcquired reclative to fur-
’:‘:’0‘ niture elements (passageway area).
L ! .

No attempts have been made to specify exact furniture
standards to be used in extraterrestrial habitats. Rather
the information provided is of a fairly general nature and
is based on only those basic units commonly found in a
off -duty section of any habitat. '

The graphic representations of the furniture units have
been kept simple and so as to facilitate usability in a
typical drafting situation.

For artificial graivity layout studies, arrows indicating
the desirable direction of spin relative to furniture units
are shown to the right of appropriate units. .
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Graphic Symbols

General

aw o

Spin Direction Spin Axis

rvaries~l

18" )
" °_!—T - Jlvaries
. 1>
. g <
//Ag_ T
Desk Chair

Cabinet Storage

15"-17" height
\

Crew Quarters

78"_80“

7

/ \

sé
//'// é//},
i;;;;z;ffi;géééi 55222;;2;;;22%i/; f;_

Berth
18" height

—

Storage Unit

variesT :

Drawer Storage

F33“——4 i

varies

Vertical Berth
(Zero "G" only)
78'"-80" height
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5.1.3.  Dining Room

72"

4-Man Table

(Non-coriolis)
30" height

atrorr———— __F : '

. 1.

- ‘ 72'1‘

~

S 69" ———
1____’_ 30”__1 'varigs____d
: - 18" «
' —
: | v l 4[{}1 . ’
| w // 1
4-Man Table o i/ 3
{Coriolis) ' {
30" height Storage Buffet/Serving Table

30" height
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> Lounge

81"

3[+l| .‘

| S — 27” _—_.-

|

27"-30"

1-3 Man Seat
15”_1711 height

"~ wvaries ]

}
varies
i

Varying Length Coffee Table
14"-16" height

leaVar ie Su

® varies

l

End Table
15 “_20” l-leight
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. 5o 10 5 Ba-thl'OOm

r‘x—*f~—.3o" —AT:ifﬂ . - x 30"———~ﬂ

Sink . . Toilet
34"-38" height 9"'-13" height

D L o __-k— 30" —~| |

;‘ X ’____.‘ 2.4"_..!_12"*1 N
NN T \\

Urinal" . ' Shower
24" height '

5.1.6 Study/Office

t—-——— 30"-60"—=
|

!

|

| . l

! 18'"-24"
|

!

S

Desk with Drawer or File Folding Desk
30" height 30" height
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TEXTURE AND PATTERN *

Introduction

Texture produces the most common yet the least acknow-
ledged sensory experience, that of tactile response.
Textures produce such a common source of stimuli to

us that we tend to take them for granted. Hence, very
little objective data are available on the subject. Textures

provide a very valuable means of replacing some of the

stimuli which man may be deprived of in the extraterres-
trial environment.

Virtually every part of the body is affected by one texture
or another throughout the course of a day. The clothes

we wear, the surfaces which surround us, every aspect -
of the environment has one or another quality of surface.
Texture is appraised and appreciated almost entirely by
touch, even when it is visually presented. With few
exceptions it is the memorary of tactile experiences that
enables us to appreciate texture.

Patterns : ‘

A pattern may be described as a two-dimensional or
three-dimensional design put together in a particular
arrangement of motifs. Motifs used for patterns may
be natural, conventional, abstract or imaginary.

There is close correlation between pattern and texture;

in fact, the difference is almost indiscernible, since
every pattern creates a texture of some sort, Frequently
this texture is only visual, since it does not have a

tactile quality. We tend to think of pattern as basically
visual and texture as something essentially tactile. The
two are thus highly interrelated, and too clear a definition
between the two may be misleading.

Definition

i iy e e v e
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" Texture

Simply stated, texture is the tactile surface quality of
an object. It relates to or identifies the tactile reactions
of man to the quality of the surface of materials such

as smooth, rough, soft,hard, warm, cool, or the many
other characteristic variations or combinations possible
and available in today's materials technology.

Pattern

Patterns used in the context of this report are design
motifs of two or three dimensions, These design motifs
can be applied to various materials by a number of pro=-
cesses such as printing, silk screening and painting

in a two dimensional form, or by molding, embossing,
casting, or forming in a three-dimensional form.

Factors Detail Discussion

Texture
e ——————

We generally think of texture in terms of roughness or
smoothness, but our senses also discern between the
hardness or softness of that object. Additionally, we
anticipate that certain surfaces will be either warm or
cool to the touch; we remember what a particular object
should feel like. We expect a shaggy rug to be soft and
warm, a metal surface to be smooth, hard and cold, etc.

Broad definitions of each ty;pe of surface texture are given

following; these are relative terms, in order to make some
distinction possible in discussion of various textures:

Rough |

- Absorbs light and makes co'lors appear darker than they

are, due to shadows created. Rough.textures are generally
considered more rustic, and are, therefore less formal.
Rougher textures are practical where hard wear is expected
and generally can be considered to be humanizing in their
eifect. These textures broadly fall into the categeory of more
natural type materials...deep wood grains, coarse fabrics
or {ibers, pebbled surfaces, etc.

o~
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Smooth

A smooth texture gives little or no decorative interest
except for its color or pattern. Smooth surfaces tend

to be cool-looking and are appropriate in spaces where
cleanliness and function are of primary importance.

Very Smooth

The natural result of a very smooth surface is a high
reflectance factor. Not to be used in any area where S
eyestrain could result. It should be noted that highly

reflective surfaces can be used effectively in contrast -

with roughly textured surfaces to create variable visual
interest. Particularly good for use on small decorati-e
items.

In addition to these types of surface texture, ‘the guality
of the surface should also be considered:

Soft

"Deep pile textures create a feeling of warmth and luxury

and are most effective where the body comes into contact
with the surface. Soft materials retain temperature and
produce an inherent warmth. Absorption and retention of
body heat over prolonged periods should be considered.

Hard : . . '

We visually tend to equate smooth surfaces with hard
qualities. Also, we generally tend to expect such a surface
to be cool. This can be modified with the use of color and
roughness to produce the desired warmth.

R, W

Pattern

The proper use of patterns depends on the principles of
good design, but special attention should be given to the
effect of overall rhythm and color. Patterns generally
have movement, and they should be used in the most
effective 'flow' in the interior.

¢
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Patterns are primarily used to provide interest, contrast,
variety, illusions of surface textures, space, height or
length, or for design emphasis. Patterns may also be
used for more functional purposes such as directional
guides, sports or games.

In rooms where function is primary, such as kitchens,
baths, and certain kinds of workrooms, patterns can be
more daring or amusing as long as color and scale are
appropriate. Surfaces or spaces adjoining patterned

areas should be planned to harmonize, otherwise the spaces

- will not have unity and will not be pleasant.

It is most difficult to define specifics for application of
patterns. The use of the properly selected patterns is
related to so many variables that specifics are almost
impossible to define. Discretion in application is the most
important factor, and a sense of 'pacing' of busy areas re-
lated to less involved areas is important to build into plan-
ning. It will sometimes be possible to incorporate decor-

" ative interest into those areas where friction and grip re-

quirements exist, rather than treating these requirements
separately. ‘ |

Psycho~physiological Effects

.

All tests to date within confined areas (regardless of vol-

- ume) have produced a common result. The need for sensory

stimuli of a variable nature is extremely important. Part-
icularly necessary are those objects or surfaces which pro-
duce a "humanizing' influence on the environment. Plants,
wood grains, and soft carpeted surfaces are indicated as

~major psycho-physiological factors in overcoming normal '

sensory deprivation.

Texture can create sensory variants within a fixed area.
All the senses of man have the characteristic of adaptation
to stimuli impinging on them =~ hearing organs adapt to a
fixed noise level; eyes adapt to fixed intensity levels, etc.
Our sensory apparatus responds best to a varying sensory
environment, and variation in surface quality provides a
simple method of achieving this. Thus, texture and pat-
tern represent very valuable tocls in the creation of a

g e o
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habitable environment. Touch is the most personal
ofall sensory stimuli, and as such is a major psychol-
ogical aspect of the environment.

Certain psycho-physiological relatiOns.hips can be noted
for use in application of textures or patterns. A number
of relationships are indicated in ChartII-F-1; these are
general in nature and should be used for basic guldance
only.

Chart II-F-1 Types and Effects of Textures and Patterns

Basic Type Psycho=-physiological Relatibnship

Large Tends to make spaces appear smaller
than they actually are. ILarge bold
patterns are stimulating and seem to
make time go slower. Good for recreation
dining, snack bars, etc.

Small When used on walls, small vertical
(Directional) patterns tend to increase the apparent
height of ceilings, while horizontal
patterns tend to lower the apparent
ceiling height. The small pattern
, should be used in spaces where neat
- symmetry and quietness is desirable, i
such as a bedroom or study.
!
L All-Over Tends to carr(‘louﬂage jogs in walls and
(Non~directional}) unify odd-shaped spaces. Should be
' ' used in conjunction with solid colors,
since other patterns used in the same
space would compete for dominance,.

Mural or Gives illusions of space, such as moun-
Scenic ; tain scenes, countrysides, gardens. Used

! to carry the eye out and away from enclos-

_ ing walls. Very restful, used most ‘
| effectively in small confined spaces. Essenr-
| tially a deceptive device, and not intended
P to really fool the observer. Should be used
with great discretion.
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Copies (and) Woods, stones, brick, leather, etc.
Natural may be either imitaion or natural
Materials materials. Textures and patterns

of natural materials create feelings

of warmth and well-being and are
associated with home and earth. Good
for studies, lounges, libraries, etc.

Textured - These patterns have a three-dimensional

Patterns appearance, such as woven threads or

fibers. They are usually.found in neut-
ral tones that give variety without adding

color or strong pattern. Can be used
effectively in work spaces, libraries,
offices, etc.

Borders _ Provides vivid color or accent motif
and Stripes where fully patterned wall would be

too strong. Used primarily for accents.

Application

The functional applications of texture (or pattern) are
fairly obvious - providing non-skid surfaces where nec-
essary, providing for grip surfaces, etc. Smooth tex-
tures should be used in those areas which have cleanli-

ness as a primary consideration = personal hygeine areas,

laboratories, galleys, etc.

Where smooth surfaces are desirable, their appearance
can easily be modified by the application of any pattern
to the surface, so that cleanliness can easily be accom=~.
plished without sacrificing visual effectiveness.

Textures and patterns should be applied with great dis-
cretion, and in conjunction with all other interior discip-

~ lines. Other factors can affect a texture or pattern sig-

nificantly. Light, for exarnple, placed at a severe angle
to a textured surface, will greatly enhance the textural
quality, as the shadows created magnify the illusion of
the texture. Similarly, placing a dark color in the re-
cesses of a texture or pattern and a lighter shade on

the foremost surface achieves a greater illusion of depth.

. N
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HYGIENIC AND MESSING FACILITIES

Introduction

The hygienic and messing facilities provided on a space-
craft are important not only from the standpoint of crew
personal cleanliness, but also because of psychological
and social considerations. A situation where personal
hygiene is largely neglected can be tolerable for limited
time periods for small crews. Makeshift eating arrange-
ments are acceptable for the same conditions. For the »
anticipated future mission profiles, however, function_ally
distinct and more permanent facilities are required.

With larger crews performing a variety of tasks in many
different locations in the vehicle, the arrangement of
hygiene facilities,; the type and number of facilities re-
quired, and the dining seat arrangement will vary ac-
cording to the specific mission profile. General stan-
dards have been established by considering those pro-
files and by analyzing expected usage rates and periods,

Data pertaining to hygienic facilities required for inter-
nal body waste elimination, full body cleansing, and
various external surface activities concerned with per-
sonal hygiene are presented in this section, Use ratios
for the various hygienic facilities and design considera-
tions are also included in this section. Classification

of spaces into basic occupancy groups has been employed
as a means of determining more precisely the numbers,
types and locations of hygienic facilities,

Hygienic facilities concerned with general housekeeping,
medical, dental, or laboratory functions are specialized
areas that are beyond the scope of this sectien, Also,
mess provision data pertaining to types of food prepara-
tion equipment, food storage, menus, or refuse disposal
are beyond the scope of this section.
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2.0 Definitions
2.1 Persons
As used in this section, the term persons refers to both
+  men and women, Separate hygienic facilities are to be

.provided for each sex unless noted otherwise.

2.2 Occupancy Group

The term occupancy group refers to the basic purpose for
which a space is to be used. Occupancies are classified
into five basic groups: 1) assembly spaces, 2) living
spaces, 3) work spaces, 4) food preparation and serving
spaces, ,and 5) service spaces, See Table II-G-1 for de-
tailed classification of occupancy groups.

Table II-G-1 Occupancy Classification

Occupancy - .
Description of Occupan
Group P pancy
Assembly Places of worship, auditoriums, theaters, etc.,
Spaces where persons congregate for periods of one hour

or more

Living Spaces | Sleeping compartments, lounges, studies, libra-
ries, dormitories, recreation rooms, etc. .

Work Control rooms, offices, laboratories, shops, com-
Spaces puter rooms, communications, etc.

. ving Spaces

Food Prepara- Kitchens, galley, snack bars, food storage, dining
tion and Ser- | rooms :

Service Laundry, supply, equipment, power, storage, etc.
Spaces

Note: Medical and dental spaces are not included in any occupancy
group. Special criteria and requirements for hygienic facili-
ties will be established by the organization having control over

t the standards for design of these spaces.

i

2.3 Maximum Fixtures Per Person

4

As used in the graphs, maxirnum fisturcs per person refers
to a ratio of fixtures to persons that would result in a low to

-
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moderate usage of fixtures, There would be little or no
waiting time or inconvenience even during ''peak'' period.

Optimum Fixtures Per Person

As used in the graphs, optimum fixtures per person refers
to a ratio of fixtures to persons that would result in a
moderate to high ysage of fixtures. One could expect some
waiting and inconvenience during "'peak'’ periods.

Minimum Fixtures Per Person

i

As useo in the graphs, minimum fixtures per person refers
to a ratio of fixtures to persons that would result in a

high usage of fixtures with an anticipated moderate to high
inconvenience factor, due to waiting for fixture during
"peak'' or '"rush' hours. Some waiting or inconvenience
might be expected during off-peak hours,

Personal Hygiene Module

A personal hyglene module is a facility or space that con-
taing individual personal items such as mouth care equip-
ment, shaver, mirror, hairbrush, comb, nail ¢lipper and
file, deodorant, hair dressing, shampoo, soap, first aid,
towels, etc. ' '

Classification of Occupancy Groups

Table II-G-1 has been prepared to define the occupancy
groups.,

Watercloset - A fixture or receptacle in which a person

can defecate or urinate. The fixture must dispose of,

" or flush away, the waste matter.

Ur inai

A fixture or receptacle in which a person can urinate.
The fixture must dispose of, or flush away, the waste
matter.

T
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)
:

A bowl or basin designed specifically for washing the
face or hands. ‘

2.10 Lavatory

2.11 " Dental Lavatory

A small lavatory designed specifically for oral hygiene
functions such as brushing teeth, mouth wash, etc.

2.12 Shower

A fixture or facility for full-body cleansing under a
spray of water or other suitable liquid.

3.0 Factors Detail Discussion

In establishing the hygienic facilities standards, the

usage rates of the facilities were considered. The nor-
mal micturation rate is six per man per day at one-minute
per event and the normal defecation rate is one per man
per day at five minutes per event. These figures indi-
cate the large rate at which facilities could be used if
necessary.

Usage periods were also considered in establishing the
facilities standards. Since twelve to sixteen hours will
be spent each day in the living spaces, the facilities in
these areas will get the most usage. The daily defeca-
tion and three or four urinations will probably occur in
these areas over widely spaced periods throughout the
day. Two other micturations should occur in work
spaces and one other micturation may take place in the
other occupancy areas. Hygiene facilities in food pre~
paration and serving spaces or assembly spaces will
experience periods of very heavy use between periods
of little or no use. '

The dining area must be capable of seating certain
percentages of the total crew at any one time. For
small vehicles and minimum crews, this percentage
is at or near 100 percent; that is, the complete crew
could eat at one time. As vehicle and crew sizes
increase, the reguired seating percentage decreases
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until, for a crew of 100, the optimum dining seat require-
ment is 60 seats and the minimum is 40 seats. Conse-

quently, eating periods for larger crews will be staggered

in order to minimize the required dining space.

Design Considerations

Personal hygiene can be distinguished between activities
concerned with internal waste material elimination, full

"body cleansing, and various external surface activities.

See Table II-G-2 for general classification and arrange-

ment.

Table II-G-2 Hygiene Requirements

Classifications

Activities

Arrangement

Internal
Waste Elimina-
tion

Urine Elimination
Fecal Elimination

Individual privacy
required

Full Body
Cleansing

Bathing

Individual privacy
highly desired

External Surface
Activities

Washing Hands
Washing Face
Hair Grooming
Shaving

Oral Hygiene

Individual privacy
desired but may be
acceptably performed
in communal spaces.

Separate hygienic facilities are to be provided for each
different occupancy group when feasible. Water closets,
lavatories, showers, etc., are to be selected and arran-

‘ged so the personnel can use them in the shortest time.

| If a hygienic facility is provided to serve all occupancy
' groups, maximum effort shall be made to locate it in the

vicinity of the living spaces.

If overlapping usage of

hygienic facilities by different occupancy groups is
necessary, then the most stringent occupancy condition
3 must govern the fixture/person ratio. Overlapping peri-

ods of maximum usage must also be taken into conside-

ration when designing communal facilities.

-
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The maxirnum distance from any space to a hygienic
facility required for that space must not exceed the dis-
tances in feet or levels shown in Figures II-G-1 and
II-G-2.

Access to wash room facilities shall be provided in a
manner to eliminate the need for passing through a water
closet area enroute to or from a wash room facility. In
the event a communal hygienic facility is essential due to

" gpatial limitations, it is important that all of the crew uti-

lizing a specific facility be of the same peer group if
housekeeping is to be divided equally. Therefore, it is |
recommended that communal hygienic facilities be avoided '1
when possible, but where spatial limitations enforce their
existence, it is essential that privacy partitions be in-

stalled isclating the individual waste equipment.

Table II-G-3 presents an evaluation of the merits and
deficiencies of various concepts of hygienic facility
arrangements,

Messing facilities are to be located adjacent to lounge
and rest room facilities when possible. In multi-level
structures the messing facility shall be near stairwells
or elevators, However, maximum effort shall be made
to provide messing facilities that permit a variation in
the type of food services available for each meal, i.e.,
cafeteria, self-service, table service.

Requirements :

Table II-G-4 lists the requirements for hygiene facilities |
for the various occupancy groups. This table is to be '
utilized with '"use ratio charts' shown in Figures II-G-3

through II-G-9. j
Table II-G-5 presents an evaluation of the merits and 4
deficiencies of various mess seating concepts. l

Figure II-G-10 presents recommended maximum, opti- }
mum, and minimum seating ratios for dining spaces.



Table II-G-3 Ewvaluation 6f Various Hygienic Facility Concepts

Concepts

Merits

Deficiencies

Development Status

Applicability
& Rellability

Other Factors

Have separate hy-
glenic facilities
only within sleep
compartments and
dormitories, have
other hygilenic
facilities serve
several occupancy
groups.

Locate all hygl-
enic facilities
in ceantral com-
munal area to
serve all occu-
pancy groups.

Have separate
facilities in
each different
occupancy group
based on expected
manpower and
requirements in
each space.

Saves In wei-
ght, and vo-
lume. Makes
good use of
facilities.

Requires mini-
mum facilities
simplifies
plumbing.

Most conven-
ient for crew.
Optimum pri-
vacy.

Greater inconveni-
ence for crews,
Facllity require-
ments between cer-~
tain areas may con-
flict.

Lack of privacy &

ywalking distances

may make this con-
cept unfeasible.

High cost in
volume, welght,
complexity.

Development 6f low-

Loglstics problems
require development|
of suitable arran—
gement of facili~
ties, No otlher
unicue development
problems.

gravity facilities
required. No addi-
tional development
problems.

Specific require-
ments for each
facility would be
fixed by actual
mission model. No
unique development
problems.

Distance restric-
tions may present
problems on multi-
level space station/
base. Some other
separate facilities
msv be required.

Possible only on
small space sta=-
tions beceuse of
distance and pri-
vacy considera-
tions.

Most suitable for
very long-term

missioas and very
large spacecraft.

Restriction to
communal facili-
ties only may be
unacceptable both
psychologically
and socially.\‘\§
Psychological im-
portance of con-
venience factor
significant on
long-term mission.

6€1~2




Table II-G-4 Hygiene Facilities Requirements

Occupancy FACILITY TYPES
Group “Water . N
Closets Urinals Lavatories Showers Laundry Other Facilities
Assembly See Figure | See Figure | See Figure Not Required Not
Spaces 11-G~3 II-G-3 II-G-~6 Required
Work See Figure | See Figure |See Figure | Safety Showers are to Not Provide sanitary
Spaces II-G-4 I1-G-4 I1-G~7 be provided for each | Required napkin dispensing
10 persons exposed to and disposal faci~-
excessive heat or 1ities in each wo~-
irritating materials. men's rest room.
Living See Figure | See Figure |See Figure | See Figure II-G-9 Not Provide sanitary
Spaces II-G-5 - II-G-5  |II-G-8 Required napkin dispensing
' o |and disposal faci-
lities in each wo-
mén's rest room.
Provide separate
personal hyglene
modules for each
person.
Kitchen See Figure | See Figure |See Figure Not Required Not Special design cri-
and Food II-G~4 II-G-4 II-G-7 . Required teria to be estab~
Preparation lished for each
Spaces kitchen or food pre-
} paration space.
Service See Figure | See Figure |{See Figure Not Required Wash and dry
Spaces I1-G-4 II-G-4 II-G~7 facilities

15# per per-
person per

day.

-
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Table II-G-5 Evaluation of Various Mess Seating Concepts "\_

Concept

Merits

t

Deficiencies

Development Status

Applicability
& Reliability

\Other Factors

—

2 men seated
per table

‘High accessibility

personalized envi-
ronment. Conver=-
sation easy.

Wasted space.

Mo development .
problems.

Applicable only for
very small crews

or in "special"
areas.

No additional fac-
tors.

4 men seated
per table

Accessible, normal
eating environment,
Conversation easy.

Wasted space, if

‘number of tables

is large.

No. developmerit
problems.

Optimum for smaller
crews.

No additional fac~

. tors.

10 men seat-

Saves space, maxi-

Impersonal environ-

No development

Necessary for larg-

No additional fac-

ed per mum space utili- ment less accessi~ | problems, er crews. tors.
table zatlon. bility. ‘
Combination |Diners given pre- | Arrangement must Vo development May be necessary No additional fac-
of small ference, maximum be worked out to nroblems, on large vehicles |tors.
and large utilization of minimize wasted or long-term mis-
tables space in "odd" space., May re~- sions because of

' areas, - Provides sult In status social and psycho~-

variety of dining | seeking. logical require=-

environments.

ments.
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1 Note: 1, Urinals may be provided in men's or women's ' \._.'

toilet rooms in lieu of water closets for appro- _
ximately 1/3 the required number of water closets,

2. One water closet and one urinal shall be considered
— minimum facilities in men's communal toilet rooms. l
F
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Maximum Fixtures .
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Figure II-G-3 Water Closet Use Ratio Chart #1
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Number of Fixtures

Number of Persons

Figure II-G-4 Water Closet Use Ratio Chart #2

Note: 1. Urinals may be provided in men's or
— women's toilets in lieu of water closets
for approximately 1/3 the required
B number of water closets. 'J
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Note: Separate Dental Lavatories should be provided
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Desizn Example

A tyzical example of the use of hygiene data is presented
in tt= following:

Rec=izement: Provide maximum number of water clo-
sets required in sleeping compartments that contain
four ™en on a mission scheduled for six months dura-

tion.
Solc=ion:

Step 1: Determine from Table II-G-1 which occu-
pancy group A sleeping compartment is
: classified. Solution: Living Spaces.

Step 2: Enter Table II-G-4 at occupancy group -
"Living Spaces'. Proceed to column under
water closets, Read: ''See Figure II-G-5,

|

Step 3: From Figure II-G-5, enter number of per-
sons at 4 and read vertically until in "maxi-
mum fixtures per person'' area. Read across
horizontally to '"'number of fixtures'',
Answer: 2.

Step 4: Determine maximum distance from living
area to water closet from Figure II-G-1,
Enter at 6 months duration and read verti-
cally up to line. Answer: 75 feet. Maxi-~
mum distance in floor levels is obtained
from Figure II-G-2, Enter at 6 months
duration and read’vertically up to solid
line. Answer: one floor maximum.

Frorn the data, the maximum number of water closets
to be provided would be 2. These water closets must be
located not more than one level away and must not ex-

ceed z distance of 75 feet from the sleeping compart-

metriz.
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DUAL ROOM USAGE

Introduction

The term dual room usage refers to the practice of
providing facilities for two or more activities in one
compartment. Specifically, for the purpose of this
study, dual room usage refers to the combination of

two or more active activities such as dining and loung-
ing rather than combinations involving passive activities
such as storage. The success of the mating of activities
depends on the degree to which the activities are com-
patible, that is, how capable they are of functioning
together harmoniously. '

In attempting to establish parametric guidelines for
compartmentalization levels* for specialized and com-
bined activity compartments for extraterrestrial
habitats, it has been necessary to rely entirely on
extrapolated data from environmental simulation, histor-
ical presidence, and common sense. As a result of the
non-scientific nature of the available data, it has not
been possible to develop reliable systems for computing
compartmentalizatibn levels. A concept system format
has been developed but is not considered accurate at
this time. : .

As a general rule the advantages and disadvantages of
dual room usage can be summarized as follows:

ADVANTAGES

Spatial efficiency is realized and larger open areas
become practical when activities are combined.

#*Compartmentalization levels refers to the numbex of
compartment types required to house the various habitat
activities. Separate compartments for dining and bath-
room facilities represent two compartment types. Two
separate bathrooms represent one compartment type.

A combined activity compartment such as the theater/
lounge/dining room represents one compartment type.

R R et L
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DISADVANTAGES

Compartmentalization level reduction results in a lower
level of sensory stimulation along with scheduling and
environmental (é.g. noise level) compromises,

Dual room usage is used as a means of making the most
of limited space in all types of habitats, from efficiency
apartments to submarines., An extreme example of this

- practice is seen in the Gemini space vehicles in which

one compartment served as the dining room, bedroom,
control room and bathroom for two men for periods of
confinement of up to 14 days. Although this vehicle
proved to be adequate for the mission and individuals

it was designed to support, there is little doubt that it
represented the extreme lower limits of habitability even
though the crew was exceptionally highly motivated and
trained.

As a general rule, a significant increase in crew size
has resulied in a reduction in the effective level of dual

. room usage, and therefore, an increased level of com-

partmentalization, The need for the increased special-
ization can be attributed to both mechanical system and
personnel needs. : .

In the case of the mechanical éystems, as crew size is
increased there is an attendant increase in the physical
size of the station or habitat to the point that it is struc-
tively advantageous to subdivide the total volume into a
number of compartments. . Additionally, an increase in
equipment size and degree of specialization (e. g. photo~
graphy and repair facility) is to be expected with an ‘
increase in crew size and gpecialization level to the point
that physical separation of activities is desirable.

In the area of personnel needs, an increase in crew size

will result in additional conflicting activity schedules, an

increase in personal stress created by sheer numbers,
and an increased level of task specialization, all of which

“may be alleviated by an increased level of compartmen-

talization in public, private and work areas,

e ot g o



The effect of mission'duration of compartment special-

ization is debatable depending on the degree of change ;
and specific mission lengths considered. Generally

speaking, however, it is known that the complaint of

‘sameness or monotony in the environment has been

common to practically all experimental and operational
isolated missions as a result of the low level and non-
changing nature of the sensory stimuli.

While insufficient data exist to develop accurate com-~
partmentalization/mission duration relationship guide-

lines, it is probable that a relationship does exist for .

significs . increases in mission duration, especially for !
missions from 0-60 days. As a general rule, therefore,
because an increased level of compartmentalization will’

result in an increased level of visual stimuli and change,

it is recommended that a significant increase in mission
duration be accompanied by a reduction in the level of

dual room usage. *

While general recommendations have been developed, it
was not the intent of this study, noxr was it possible due

to lack of relevant data, to establish precise standards for
room combination priorities related to specific mission
parameters. The recommendations presented herein,
therefore, should be used as preliminary study guidelines
only.

Definitions - N. A.

Factor Detail Discussion ’ !

Degree of Compatibility

Certain points on which activities are compared have a
greater influence on compatibility than others.

An example of functionally uncompatible activities would
be a dining room and an activity that required that the
temperature be held at 87°F * 1 and the humidity be kept
at 85-90%.

P - - = d , - g . e, TR W




3.2

-

2-156;

|

1

An example of an activity imposed requirement of a
lesser nature is that of material limitations. For
example, if a lounge area doubles as a distribution
area for supplies during periods of resupply, high
standards of material toughness would be imposed on

the lounge fixtures exposed to the distribution activities.
- While these increased standards would decrease the

choice of available materials, the area could still
support lounging activities, if only a little less graciously.

Efficiency of Combination

The spatial efficiency realized in combining activities
varies considerably depending on the nature of the
activities involved in terms of layout and associated
equipment or function.

The dining room and theater combination is an example
of optimum efficiency achieved by combining two activ-
ities in that the space savings realized can be as high
as 50% since the furniture in both areas is moveable and
the schedules of usage do not overlap.

i :
The supply room and shop, on the other hand, represent
an inefficient combinaticn of activities since both activ-
jties contain fixed, incompatible equipment, and the

schedules of usage overlap.

.

" The determination of the average efficiency to be expected
‘when two or more activities are combined must be deter-~

mined for all activity combinations to more thoroughly

evaluate the relative merit of a specific aciivity combination.

Psychophysiological Effects

As a general rule, as the number of activities being com-
bined increase and types of activities combined become
more diversified, the stresses associated with trying to

. accomplish a task in this environment will increase.
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Application

" A system has been developed by which compartmentation

levels may be approximated on the basis of the mission
duration and crew size. .As stated in paragraph 1. 0, the
system developed is not considered accurate at this time
due to the lack of relevant data.

To utilize the system developed two steps are required.

'SteE 1

By referring to figure II-H-1, a mission compatibility
rating figure can be determined for a specific mission,
Five compatibility rating zones are defined, with the
lower rating (1) representing a parametric area in which

a high level of dual room usage and corresponding lower
level of compartmentilization is practical. The high end
of the scale (5) defines a'parametric zone which requires
a high level of compartmentilization. Missions with large
crews and/or very long mission durations fall in this zone.

The crew size break off points are 'fairly arbitrary due
to the lack of meaningful data in the sources reviewed
pertaining to group dynamics pertaining to large crews.

The selection of the mission duration break off points
was based on limited experience from operational and
test data., It appears that stress build-up may parallel
mission up to approximately 30 days at which time a de-
gree of stabilization occurs. Following this, at approx-
imately 60 days into a mission another stress build up
tendency has been observed. Break off points beyond this
are purely arbitrary. :

Step 2

Using a NASA-prepared list of 35 possible activity cen-
ters, five sets of possible dual room usage combinations
have been developed respective to the mission compatibility

USRI
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ratings of 1-5.* These combinations are shown on the
following three pages with activity combinations approp=
riate to each compatibility zone listed accordingly,
Figure II-H-1

Compatibility Rating As a Function of Crew Size

and Mission Duration :

v Rating:

100

50

30

20

10

e]

1 = Most Effective
S5 = Least Effective

Compatibility Zone

100 200 300 500 1000

Mission Duration (Days)

% Only 34 activities appear on the activity combination
lists., Recreation, one of the activities specified by
NASA originally, will be supported by a number of
activities centere {e, g, dining, lounge, gym, etc.)
and is not considered to be an independent area.
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5.2.1

Compatibility Level I

Personal Quarters
Study
Loocker room

Library
Liounge
Conference
Briefing
Chapel
Theater
Dining Room
Gym

|Passageway

Galley
Snack Bar

Dispensary

Barber

Bathroom l
Laundry

5.2.2 Compatibility Level II

Personal Quarters
Study
L.ocker room

Library

Lounge
Conference Room
Briefing Room
Chapel

Theater

Dining Room

|Passageway

IGym

. Animal Housing
JAgricultural Study Area

Communications
Control
Computer

Storage
Supply

Equipment
Shop
Maintenance

Office
Laboratory
Photography

Docking A
Air Locks

IPower

Communications
Control
Computer

Storage
Supply

Equipment
Shop
Maintenance

Office
Laboratory

"IPhotography

JAnimal Housing

GRS
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IIBafhroom

Galley

' Snack Bar

|Laundry

Dispensary
Barber

.Compatibility Level III

|Personal Quarters

Study
Locker Room

-Libra ry
Lounge

Conference Room

Briefing Room
Chapel
Theater
Dining Room

‘{Passageway

1IGym
|Bathroo.m

Galley
Snack Bar

1Laundry

Dispensary
Barber

Compatibility Level 1V

Personal Quarters
Study

IAgricultural Study Area

Docking
Ajir Loocks

IPower

Communications
Control -
Computer

Storage

ISupply

Equipment
Shop
Maintenance

|Otfice

Laboratory
Photography

tAniral Housing
{Agricultural Study Area

Docking
Air Locks

{Power

Communications
Control
Computer
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Library
Lounge

Conference Room
Briefing Room
Chapel '
Theater

Dining Room

|IGym

[Locker Room
IPassageway
IEathroom
{Galley

iSnack Bar

{Laundry

Compatibility Ievel V

Personal Quarters
Study

{Library

| Lounge
Conference Room
Briefing Room

Chapel

Theater
Dining Room

| Gym

Communications
Control
Computer

Storage
Supply

Equipment
Shop
Maintenance

[Office
|Laboratory

|Photography

- |Animal Housing

|Agricultural Study Area
|[Docking

lAir Locks

iStorage

ISupply

Communications
Control

1Computer

iEquipment

Shop

IMaintenance

1Office
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| Locker Room | Laboratory
| Passageway - | Photography
| Bathroom A | Animal Housing
Galley | Agricultural Study-Area
Snack Bar :
‘ | Docking
| Laundry
| Air Locks
|Dispensary
| Power

|Barber

{
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‘II-I. - GRAVITY

1 0 Introduction

Gravity, or the lack of it, will have a definite influence i
on spacecraft habitability., For manned space systems,
two gravitation modes of operation are possible: weight-
lessness and artificially-induced gravity, Weightlessness ,
is the ''matural'' state during space travel; artificial gra- !
vity requires rotation of the spacecraft about some spin \ i
axis during spaceflight. _ : 2
’ {

|

Both modes of operation have inherent advantages and
disadvantages from a habitability standpoint. Unfortu-
nately, the preferred mode of opération for future space
systems cannot be determined-at the present time since
only weightless environments have been used on previous
space missions, These space missions have been of
limited duration and they have not provided adequate data
concerning man's response to protracted weightlessness,

Adverse, and possibly debilitating, physiological effects

due to protracted weightlessness are a definite possibi-

lity and the effectiveness of proposed countermeasures
remains questionable. If man experiences a time limi-

tation on his ability to inhabit a weightless environment,
artificial gravity induced by spacecraft rotation has the
greatest apparent validity as a possible countermeasure. '
The habitability considerations of both weightlessness

and artificial gravity are considered in the following |

sections.
2.0 Definitions - }
2.1 ‘ | Artificial Gravity ;
Apparent weight produced by centripetal acceleration l

in a rotating spacecraft, ' l
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Axes in Artificial Gravity

In the interest of clarity, the directions in which move-
ments are made and external forces are applied will be
indicated as axial, radial, or tangential with respect to
the rotating spacecraft, as shown in the figure below..
Tangential movements and forces may further be des~
cribed as operating toward the leading edge or the trail-
ing edge of the spacecraft. Thus, an astronaut climbing
a ladder is translating radially, while an astronaut walk
ing in the same direction the spacecraft is rotating is
moving tangentially (toward the leading edge).

Trailing
Axial

Axis of
Rotation-

Coriolia Force

An apparent force resulting from linear movement with
a rotating system.,

Cross-Coupled Anpular Acceleration

Angular acceleration produced by angular movement
within a rotating system. Also known as gyroscopic
precession. When, within a rotating spacecraft, an an-
gular motion occurs about any axis not parallel to the
axis of rotation, a torque is applied to the moving object
about an axis perpendicular to the axes of motion of the
spacecraft and the object. »
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Coriolis Stimulus

A highly unusual stimulus to the vestibular (motion
sensing) system which results from cross-coupled angu- '
lar acceleration produced by head movements in a rota-
ting room or spacecraft.

Deafferentation

In a sensory system, loss of sensory input signals be-
cause of either mechanical or neural interference with

.normal operation,

Weightlessness

Absence of weight due to extreme distance from large
astronomical bodies or (as in orbiting spacecraft) due
to a cancelling centrifugal force.

Otolith Organs

Those receptors of the vestibular {motion sensing)
system which are responsive to linear acceleration and
gravity.

Semicircular Canals

Those receptors of the vestibular system which are
responsive to angular acceleration,

!
Factors Detail Discussion

Zero Gravity

Past space missions have not exceeded 424 hours dura-
tion, and have not produced any major problems due to
protracted weightlessness. However, protracted weight-
lessness has a number of known, and possibly adverse,
physiological effects (Ref, I.1). In general, these
effects have not been disabling in the short missions
accomplished to date, but there exists a definite possi~
bility that they will become more pronounced with longer
missions. Whether man experiences a time limitation
on his ability to inhabit a weightless environment will

e g s e T 0 T YT 00 TR
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depend on whether the deterioration is progressive, or
reaches an acceptable asymptotic level with increasing
-exposure, and on the effectiveness of proposed counter-
measures, '

The stimulation and response of human sense organs to
subgravity are presented in Table II-I-1. The physiolo-
gical effects of weightlessness are shown in Table II-I-2,
and the effects of zero-gravity on performance are shown
in Table II-I-3. Zero gravity design considerations are
given in Table II-I-4,

Artificial G ravify !

While artificial gravity induced by spacecraft rotation
has the greatest apparent validity as a procedure for
preventing possible physiological deconditioning due to
protracted weightlessness, it unfortunately involves a
number of undesirable phenomena (Ref. 1.4, 1.17, I.5).
Because of the unusual forces operating in such an
environment, astrcornauts may anticipate 2 considerable
degree of locomotor difficulty, spatial disorientation,
and perhaps motion sickness, The degree to which
these adverse effects will be experienced varies with

the radius, angular velocity, and gravity level. In
general, the degree of performance degradation which
will occur is not known, since the conditions encountered
in a rotating space station cannot be adequately simulated
in a one-g environment (Ref. 1.25, 1.3, L 26).

The major effects of artificial gravity on astronaut per-
formance are presented in Table II-I-5,

To summarize the information presented in Table II-I-5,
the static effects of artificial gravity are not very serious,
involving only a simple, constant visual-proprioceptive
conflict regarding the vertical-horizontal frame of re-
‘ference. During movement, however, and particularly
radial or tangential translation and angular head move~
ments, a number of serious abnormal mechanical and
perceptual phenomena will occur. These phenomena may
reasonably be expected to result in lecomotor difficulty,
illusions of spatial perception, motion sicknesg, and
generally degraded performance. The degree to which

"‘““"‘"”ﬁ"r:-‘——-l R, N
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Table II-I-1 Stimulation and Respo’fuse of Sense Organs (and Their
Manner of Operation) ,‘to Subgravity

Nerve Endings or Organs Responding to Differences in [Receptor Or-
Pressure (e.g., those of touch or hearing) gan Sensitive
Those Responding| Those not responding solely to gravi- |to Light
Specifically to |tational stimuli but provide similar
Gravitational information to the brain
Stimuli
) Muscle Sense
Motion and giving body
Position position and | Posture Pressure Optical
Sense movement Sense Sense Sense
Sense Otoliths (inner |Muscle Nerves|Sense Cor- |Sense Cor- |Eyes
Organ ear orientation puscles puscles
organ) along the of touch
course of
nerves
Normal Acceleration and|Tension and |Tension Pressure Light
Stimulus fweight weight and weight .
Effect of||Decreased Wt. & |Decreased Wt.|No Effect Decreased |No Effect
Subgravityjdisplacement of |& muscle ten- Pressure at
Otoliths , sion : ' contact po-
int of body] .
with sup-
S port
Effects |Lack of Wt. & Lack of Phy- [No Effect No feeling | No Effect
of O-g displacement of |sical Stress of pres-
Otoliths i sure at
body con=-
tact points
Sensory {None or O-g No signal No Effect No signal | No Effect
Inputs Signal '
during
0-g
Sensory || None or O-g No signal No Effect No signal |{No Effect
Output
during
0-g
Sensation] No Gravitation- {Stress-Free [No Effect Stress- No Effect
during al Vertical Sensation Free Sen- -
0-g ; sation
Psycholo- Loss of Verti- |Disturbance |No Effect Loss of No Effect
gical & | cal orientation |of muscular touch sen~ | when visual
Physiolo- without visual |coordination sation cues avail-
glcal Re- reference able
sults
(Ref. 1.6)
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Table II-I-2 Physiological Effects of Weightlessness

" Function Effects of Weightlessness )
Gardiovascular Spaceflight has been shown to disturb the homeostasis of the cardiovascular system of
Function man. Decremental changes have been documented in compartmental fluid volumes (plasma

volume, red-cell mass, blood volume), hydrostatic pressure (orthostatic hypotension),
and related parameters. The extent to which they may adversely affect the performance
of man remains to be determined as well as the effectiveness of preventive and/or reme-
dial techniques. '

Bone With protracted weightlessness, urinary excretion of calcium is increased to a point that

Decalcification calcium is lost from bone tissue in significant amounts with possible eventual brittle-

" | ness. The amount of decalcification which might result from long exposure to welghtless-
ness 1s not known.

Muscle Welghtlessness results in a greatly reduced requirement for skeletal muscle exertion

Deconditioning since a very small amount of energy is required to accomplish desired locomotion move-

: ments. It is almost certain, however, that muscle deconditioning can be prevented by
appropriate physical exercilses.

Otholith During weightlessness, the otholiths are deactivated or deafferented. Adaptation to this

Deconditioning unstimulated state might be expected to result Iin overreaction to gravitational stimuli
when reinstated and, more seriously, atrophy of the receptor tissue assoclated with the
otoliths. The extent of otholith deconditioning which may result from protracted weight-

| lessness is not known.

Respiration Welightlessness and artificial atmospheres have major effects on the respiratory gas-ex-
change function of the body. These effects impose possible health, hazards and limita-
tions on man's performance limitations. The effects of prolonged exposure to weightless-
ness are not known.

Endocrine Observations from past space flights are too sketchy to give a precise picture of how

Function the endocrine system responds to the stress of spaceflight. Minimal information gained

thus far indicates decreased endocrine activity during flight and increased activity
after reentry.

Metabolism and

Some changes related to metabolism and nutrition have been noted. These changes include

Nutrition reduction in body weight and loss of mineral material in the bones. Such effects may be-
come progressively more serious to the extent of impairing the tolerance of bone struc-
ture, weakening of muscle mass, and possible formation of kidney stones.

Hematology A paculty of hematological data has been obtained to date; however, red-cell mass defi-

cits have been consistently observed. More information is needed to determine the cause
of this space-flight-related hemolysis. In addition, man's ability to combat infection

and repalr traumatized tissue under spaceflight conditions has not been established.

(Extracted from Ref. 1.1, 1.22)
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Table II-I-3

Effects of a Zero-Gravity Environment on Performance

Performance Area

Performance Effects

QOperational Behavior

From an operational viewpoint, all astronauts to date were capable of
carrying out their functions and assigned duties satisfactorily, even
under demanding situations. However, actual performance was never mea-
sured and It is entirely possible that some degradation actually occurred.

Emergency Bebhavior

Persomnel can function correctly Iin an emergency situation.

Manual Work with a Tight Res~-
traint

In general, with a tight restraint, personnel can perform as accurately
and as quickly during zero-gravity as during normal gravity.

Manual Work with a Loose Res-
traint

Loose restraints recuire the use of one hand to hold onto any convenient
solid apparatus to retain a position whil performing a task with other
hand.

Lecomotion by Free Floating

Easily accomplished if body's center of gravity and 1ine of thrust are
aligned pointed towards desired destination. If not aligned, tumble ac=
tion takes place, however tumbling 1s easily controlled and can be stopped
when contact is made with solid surface.

Hand Motions

Speed and accuracy appear to be about the same during zéro-gravity-as
during normal gravity.

Orlentation

When restrained and without tumbling, "up'" stays up and 'down" stays down.
Tumbling produces complete disorientation.

Visual Functions

No degradation of visual skills have been reported on spaceflights to
date. TIllusions such as oculogyral, oculogravic and oculoagravic and di-
minished accuracy of the perception of the vertical have been demonstrated
during zero-g phase of parabolic flight.

Knowledge and Control of Limb
Position

Knowledge not generally impaired, but overshooting occurs in darkness.
Bodily movements requlre less effort.

Body Resillience Motions

Bodies in passive state tend to leave surface. Restraint systems are
required, '

Walking

Propels individual away from surfaces. Handrails, handholes or foot grips
are required.

Torque Operations

Applying torque Iinduces uncontro]led motion in operator.

Package Handling

Requires use of restraints and locomotion aids.

Information Processing (cogni-
nitive functions)

No impalrment has bzen reported on space missions to date. However, a
human information-processing error of any magnitude could prove disastrous
Therefore, the conservative approach is to withhold conclusion until ade-
quate data are obtained during long-term living Iin weightlessness.

(Extracted from Ref., 1.1, I.15, I.22)
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Table 1I-I-4 Zero-Gravity Design Considerations

(dining rooms)
Small
(bedrooms)

Design
- Considgration Group Type Expected Motlon Design Rationale o
Orientation Large Static Orientation for conventional "up and "down'" to simulate
(dining rooms) earth-like environment and promote sense of security.
This provides for face-to-face communications and read-
able fgcial expressions.
Dynamic Establish traffic patterns for large group movement so
that plane of vision is constant to avoid collisions.
In addition, establish traffic patterns to prevent psy-
chological distractions; example: do not establish
traffic flow patterns over dining tables or food ser-
ving counters.
Small - Static Provide for easy orientation cues in different planes
(bedrooms) to provide a sense of change. This will provide crew
personnel the opportunity to change to prevent monotony.
Lighting Small Dynamic Provide indirect or soft diffuse lighting so that any
(bedrooms) surface may be utilized. This will prevent glare.
) Static Can be utilized as orientation cue.
Color Large Dynamic Use colors for directional cues for orientation of tra-——
(passageway) ffic patterns. Example: dark blue in passageway would
lead to particular crew area which is also colored blue
at entrance.
Small Static Colors can be utilized as cues in rooms requiring defi-
(bedroom) nite floor/ceiling orientation.
Housekeeping Large Dynamic Provide easily cleanable material for locomotion aids
(lounge) such as handholes, rails, etc. In addition, place loco~
motion aids to reflect actual movement patterns. These
will become dirty with use and will be psychologically
displeasing if not easily cleanable.
Poth Large and Statie and Avoid sharp corners or protruding objects to prevent in-
Small Dynamic jury or damage. In addition, rounded surfaces are more
] easily cleanable.
Restraint Large Static Prevent body drift but allow hands to be free. Restraint

must allow for group visual orientation., Provide sleep-
ing restraint to prevent body drifting including legs and
arms. Also prevent extreme pressures that can cause
numbness.

0L1-2
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Table II-I-5 Major Effects of Artificial Gravity

Effect

Remarks - \

. Artificial

gravity vector

Since artificial gravity is caused by centripetal acceleration, the artificial gravity
vector at any point is radial so' that, in general, a conflict exists between gravitational
vertical and the vertical direction Indicated by a flat floor (see Figure II-I-1). This
will be the only unusual effect from the point of view of a stationary astronaut.

Coriolis Forces

a) tangential
translation

b) radial
translation

An apparent force which 1s applied to an object translating within a rotating system.

Results in coriolis forces in a radial .direction (see Figure II-I-1). An astronaut moving
in the spacecraft's direction of rotation experlences an apparent weight increase while
movement in the opposite direction produces an apparent weight decrease.

Forces encountered will tend to pull the astronaut into or away from the ladder he is
climbing or descending if the ladder's oriented radially. If the ladder rungs are orient-
ed tangentially, the astronaut climbing or descending would be pulled away in a lateral
direction (see Figure II-I-1).

N

. Non-linear

Motion of Drop-
ped Objects

in a tangential direction.

An object rotating with the spacecraft will, when released, continue to travel linearly

Since the spacecraft continues rotating, the object appears
to move in a non-linear fashion as shown in Figure II-I-l.

Cross-coupled
Angular Acce-
leration (or
gyroscopic
precession)

Major effect will be on the semicircular canals. An angular head ‘movement in any direc~
tion other than parallel to the spacecraft spin axis will result in a highly unusual
stimulus to the vestibular system. Since the semicircular canals respond not only to the
head movement actually made, but also to cross-coupled torque, the vestibular system
provides information to the effect that a head movement has been made in a direction other
than that actually accomplished (Ref. TI.18). This information conflicts with all
other visual and proprioceptive information and with the individual's knowledge of the
movement attempted. This entire complex of conflicting sensory information, called a
"Coriolis stimulation", is highly disabling, resulting in extreme spatial disorientation,
undesirable compensatory motor responses, motion sickness, and general confusion.

. -'"""t'a” LT /
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these factors influence mission success will vary with,

1) the magnitudes of the phenomena (primarily a function
of angular velocity), 2) the degree to which adaptation -
occurs, and 3) the degree to which appropriate equipment
design and mission constraints are employed.

Habitability Design Criteria for Artificial Gravity

A number of basic design criteria, including optimum
orientation, tilt, and layout of crew stations; control and
display panels, and bunks; optimum direction of horizon-
tal translation; floor layout; and optimum orientation during
tangential translation, can be determined on the basis of
an analysis of artificial gravity conditions. These analy-
ses appear to be relatively straight-forward, and their
results can be viewed with some confidence. The princi-
pal information which cannot be determined by analysis
is the degree to which these criteria are critical. Arti-
ficial gravity experimentation will be required to deter-
mine the effects of deviations from orientations, equip-
ment designs, etc. Some specific design guidelines are

discussed in Table II-1-6.

Another consideration not mentioned in Table II-I-6 con-
cerns.habitability near the axis of rotation. Performance

may be extremely degraded if mission planning requires
translation through, or particularly, performance at, the

axis of rotation. It is apparent that this environment com-

bines all the disadvantages of weightlessness (the artificial
gravity level is zero at the rotation axis) with all the dis- .
advantages of artificial gravity (all the unusual forces re-

sulting from rotation are still present), while benefiting |
little from the advantages of either. Until and unless it ;
is demonstrated that acceptable levels of performance are
possible under these conditions, mission planners would i
be wise to avoid requirements of astronaut performance }r
at the spin axis wherever possible, ;

JEEENS

A counter-rotating hub has often been proposed for inclu- “t
sion in artificial gravity spacecraft designs. The princi- !
pal advantage of such a device is that it would allow zero- !
gravity and fixed-attitude experimentation while the space-

craft is rotating. A secondary advantage is the elimina-

tion of unusual rotational phenomena for astronauts

e . . e v
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Table II-I-6 Habitability Design Considerations for Artificial Grévity

Crew Movement/Motion Requirements

Crew Area Design Requirements

1.

Mcde of locomotion must allow the
crewman to remain oriented perpendi-
cular to the spin axis.

All other stationary positioning must
remain fixed in the above designated
orientation.

All head movements must be performed -
perpendicular to the spin axis in a
reference of the forward vertical
planes. Thus, an up or down head move-
ment will not further aggrevate the
vestibular situation. It should also
be noted that all movements that are
contrary to the above orientation must
be executed very slowly.

Movements parallel to the spin axis
‘should involve a sideways shuffle and
thus continue to allow the head to re-
main fixed in the proper orientation.

1.

3.

4,

All cperable equipment, work stations, and data display con-
soles should be oriented in the design to .operate perpendicu~
lar to the spin axis. It is necessary that controls and dis-
plays be laid out vertically, so that the required head move-
ments are In fact confined to the plane of rotation. Note
that the use of current predominantly horizontal displays
would negate the benefit o’ correct display panel orientation.

All bunks should retain the above orientation. A slight head
restraint should be used to restrain head movement while the
crewman 1s in a sleep position. Extreme care should be used
if bunks are stacked since Coriolis forces will be encounter-
ed during radial translation and since a (non-linear) fall
from an upper bunk could be quite serious.

A1l corridors and passageways should be designed to 311Q-\he

crew members to retain the above orientation.

Ladders which provide for radial translation among levels
must have the rungs oriented axially and with allowance for
climbing one side and descending the other. Thus, Coriolis
forces may always be made to press the astronaut into the
ladder, rather than pulling him away. Ascent will be accom~-
plished on the trailing side, descent on the leading side.

(Extracted in part from Ref, I 15)
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operating at the spin axis. The ability of astronauts to
make the transition from artificial gravity to weightless-
ness and back is entirely a question of adaptation. No
experimental evidence bearing on this issue is available
(Ref. I1.24). '

Adaptation

The vast majority of earth-based rotational stﬁdies
have taken place in rooms rotated about their vertical

~axes8. Under these circumstances, a normal perceptual-

motor adaptation has been found to occur within about 24
hours at angular velocities at least as great as 6 rpm
(Ref. 1.7, .12, 1.9, 1,13, 1,19, 1.20, L21).

Since this angular velocity is greater than the maximum
rotation rate proposed for early artificial gravity experi-
mentation, and almost surely greater than that which
may be used on later, larger space gtations, it has fre-
quently been assumed that adaptation will occur under the
forescen conditions of artificial gravity, particularly if
the maximum rotation rate is approached gradually (Ref.
1.8). It should be noted, however, that rotation ina
space station differs in some significant details from ro-

~tation in an earthbased room (Ref. 1,10). The intersen-

sory discordances accompanying most movements in an
earthbased rotating environment are consistent in the
sense that any given movement has essentially the same
effects on the subject regardless of his position within
the room or the direction in which he is facing or (ex-
cept for the direction of apparent gravity) moving. In

a rotating space station, on the other hand, pitch and
roll head movements (when standing), angular limb
movements, and horizontal translation will have grossly
different effecta depending upon the orientation of the
astronaut. Thuse, the intersensory discordances which
occur in artificial gravity are inconsistent. Since con-
gistent intersensory discordance is a usual requirement
for a normal perceptual-motor adaptation (Ref. 1.14,
1.16), adaptation may be expected to occur to a lesser
degree (Ref. 1.10, 1,18) or in a different form in space
than on earth. ‘
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A second form of adaptation which may occur to artifi-
cial gravity is a -simple vestibular habitation or suppres-
sion of vestibular inputs {(Ref. 1.28). While this form of
response change occurs primarily as a function of re-
peated stimulation and may not be affected by the pre-
sence of intersensory conflicts (Ref. I.23), it is none-
theless a mechanism whereby the adverse effects of
artificial gravity on astronauts will probably be reduced.

A third form of adaptation which may occur in artificial

gravity is a simple conditioned visual suppression of con-
flicting information. That is, the visual sense will be-
come predominant, to the exclusion of conflicting infor-
mation from vestibular and other proprioceptive sensors,
While this form of response change has not been elicited
specifically as a result of the kind of intersensory discor-
dance present in artificial gravity, it is known to occur in
humans (Ref. 1.2). It is this "adaptive mechanism' which

"appears to be most adaptive in the presence of the incon-

sistent pattern of intersensory discordance present during
spacecraft rotation (as opposed to rotation in an earthbased
room).

While these considerations of adaptive mechanisms may
seem to be of purely theoretical import, the degree and
kind of adaptation which occurs bears significant impli-
cations for the proper design of spacecraft and for proper
mission task planning. A normal perceptual-motor adap-
tation, for example, might well be highly radius-specific,
so that an astronaut comrpletely adapted to rotation at 33
feet might be unable to perform well at, say, 16 feet,
where different responses are appropriate due to the
change in radiug and gravity level. Normal perceptual-
motor adaptation also involves significant after-effects,
so that a period of readaptation, in this case to a state

of weightless non-rotation, is required. This period is
often as long as that required for initial adaptation. Thus,
an emergency despin following which critical tasks must
be performed might pose insurmountable problems to an
astronaut if adaptation takes this form. The other two
forms of adaptation, however, would not be particularly
radius-specific, nor would they require a significant
period of readaptation after rotation. Of these two mech-
anisms, only that involving conditioned visual suppression

B, S WO, N———
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would fail completely in the absence of a structured

-visual field (Ref. I1.2) as might occur, for example, in

a power failure, Basically, each of these possible forms
of adaptation would result in improved performance at the
33-foot level, While performance at other levels would
be a significant clue to the type of adaptation occurring,
the measurement of eye movements in conjunction with
controlled head movements with and without a visual

field is probably the only practical method of clearly de-
termining the nature and degree of adaptive effects.

Artificial Gravity Design Envelope

Several investigators (Ref. 1.4, I1.17, 1.26, 1.27) have
developed design envelopes for acceptable combinations
of radius, angular velocity, and gravity level, Basically,
the design envelopes are all bounded by some combination
of the parameters: maximum angular velocity, minimum
radius, maximum gravity level, minimum gravity level,
and maximum level of Coriolis forces during translation.
These parameters will be congidered separately. The
criteria used by each author for determination of design
envelopes and the resulting design envelopes, shown as

a function of radius and angular velocity, are presented
in Figures II-I~2 through II-I-5, A composite design
envelope is shown in Figure II-I-6,
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1.0

INTERRELATED ENVIRONMENTS

Introduction

‘The problem of habitability is essentially one of inter-
related environments. Habitability is a global concept
involving the interplay of all factors related to man and
his environment., Since man's environment includes not

‘only the physical environment and physiclogical require-

ments, but also psychological and social requirements,
the large number of possible interrelationships among
habitability requirements makes the evalnatior of habi-
tability an extremely complex and difficult task.

The assessment of habitability is complicated not only -
by the large number of possible interrelationships among
habitability requirements, but also by the interrelation
of habitability requirements and individual differences.
That is, habitability is a relative as well as a global con-
cept; optimum habitability for one person may not be

~optimum habitability for another person. For example,

studies of visual comfort and visibility have shown that
persons vary considerably. Some are very sensitive to
brightness and find that what may be a comfortable situ- ¥
ation for others is considerably annoying and uncomfor-
table to themselves. In one particular study (Ref., J.5),
observers were required to select brightnesses which
were at the borderline of comfort and discomfort. The
percent of observers selecting borderlines falling with-
in different brightness ranges is shown in Figure II-J-1,
The average brightness selected was 890 foot lamberts.
However, if this value were used as the basis for deter-
mining brightness limitations, 50 percent of the observers
would be uncomfortable, In other words, a much lower
brightness must be used if all observers are to be com-
fortable. Another example of the problem of individual
differences in habitability concerns the use of color in
living areas. Generally speaking, most people prefer
either warm or cool colors., Personal preference de-
pends on such factors as the individual's familiarity

A
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with certain colors and color schemes and the emotional
connotations, either conscious or unconscious, that they

_may-have for him. It is generally assumed that emotion«
- ally responsive persons will react freely to color, inhi-

bited individuals will feel uneasy with an actively colored

" environment, and restricted or detached types may be

unaffected (Ref, J.4).

The problem of individual differences in habitability is

" traditionally handled by establishing comfort ranges

and tolerance limits for the various indices. Unfortu-
nately, the specification of tolerance limits and comfort
zones for various factors iz complicated by a third type

. of interrelationship, the interrelationship of time and

multiple stresses on behavioral efficiency. The re-

. liability of established end-points of tolerance and com-

fort zones is always questionable; however, the relia-
bility is especially suspect when other stressors are
operative in the environment. In addition to the usually
unknown effects of multiple astresses on tolerance limits,

 there is the problem of the convergence or divergence of

2 8 54 — vas (OS5 A 2881

the end points as a function of time. Very few studies
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have been performed to evaluate multiple stresses and
time relationships. The limited data that are available
indicate that whether combinations of stresses produce
additive or less than additive effects depends entirely
on what effect is measured. For example, the data in
Table II-J-1 were taken from a study (Ref., J.7) in which
three separate stressors (heat, 105°F; noise 110 db; and
hypoxia, 12,000 ft. equivalent) were paired or used to-
gether while performance was measured by a primary
tracking task and a secondary monitoring task and three
physiological measures were monitored, heart rate,
respiration rate, and rectal temperature.

Table II-J-1 Effects of Multiple Stresses

Effects A
Stresses Primary Physiological Secondary
Task Measures Task
Hypoxia heat & noise <additive additive additive
Hypoxia and noise- ‘additive additive additive
Hypoxia and heat ‘additive additive > additive
Noise and heat <additive additive ~additive

Note that only the physiological measures showed consis~
tent additive effects, the primary behavioral task showed
additive or less than additive effects, and the secondary
task showed additive or more than additive effects.

To conclude, the problem of interrelationships is cru- '
cial to the overall problem of habitability., Some of the
interrelationships are possible to express in quantitative
or qualitative terms; others are impossible to express,
either quantitatively or qualitatively. The major in-
teracting influences on temperature, illumination and
acoustics are presented in the appropriate chapters.
However, certain interrelationships stand somewhat
alone and are difficult to place in other chapters. The
major conclusions concerning these are presented next.
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Interrelated Environments

Interrelationships of Interiors

Interrelationships among colors, illumination, shade,
_\and the subjective impressions of time, size, weight,
and volume are given in Tables II-J-2 through II-J-6,

Table II-J-2 Color Effects on Perceptions of Time, Size,

Weight,
and Volume '
Color Perception of Time Size Weight Volume®
"Warm' time is over-estimated. | things welghts |decreases
‘ Use warm colors for .Seem seem apparent
red areas where time in ap~.| longer heavier. | size of
yellow parent "slow motion" and big- rooms.
pink might be more pleasur~ | ger.
ivery able (eating, recrea-
cream tion).
peach
lemon
coral
rose
wine
“Cool" time is under-estimated.| things weights | increases
Use cool colors for: seem seem apparent
green | areas where routine or | shorter | lighter. |size of
violet "monotonous tasks are and (Use on | rooms.
blue performed. ! "smaller. | boxes &
bluish- : | contain-
green ers which
turquoise must be
lilac carried
lime about.)
jade
aqua

(Extracted from

Ref. J.2, J.4)

*The conditions of brightness, color saturation and level of 1llu-
t mination required to either enlarge or close-in a living area are
. presented in Table II-J-3.

'
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Table II-J-3
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Level Effects on Perception of Volume

Brightness, Color Saturation, and Illumination

Volume
- 1 (roomi~
o ness)

enlarge®#*

Brightness¥®

Color Saturation

TITomina~
tion
Level

Areas will be enlarged
by lightness and small
paper patterns.

(Usevto alleviate feel-
ings of oppression or
elosed=in'.)

Pale or desaturated co-

lors "recede. In situ-
ations where equipment
prcjects into a room and

| tend to make it appear

smaller than it actually
is, paint projections

the same color as the

celling or wall-a very

11{ght shade~to make them|

appear to recede into
ceiling or wall.

High

Close~in

-} paper patterns.

Areas will -be closed-in
by darkness and large

Dark or saturated hues
“"protrude'.

Low

(Extracted

*Brightness is a function of reflectance.

from Ref. J.2, J.4, J.8)

Table II-J=4 and II-J-5

give reflectance factors for typical paint, paper, and wood finishes

" and Federal Color Standards.

Table II-J-6 presents the Illuminating

Engineering Soclety's recommendations for reflectance ranges of in-
terior surfaces (Ref. J.6).

*Note:

In establishing space relationships in interiors there is

a wholly natural sequence of perspective, white, black, !
pure hues, and deep shades will appear near the eye.

what is called aerial perspectives, as colors shift or !
fall back into the distance that which is dark increases 3

In

in value; that which is light in value softens and all

colors eventually fade into medium gray.
can be planned to feature this phenomenon by using strong
contrasts for near elements and grayish or Weak contrast

for far elements (Ref. J.2).

TRIEARAE A v ne e
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Table II-.T—Li Reflectance F

In the table of
Federal Color
Standards at the
right, the first
digit of the Fed-
eral color number
indicates the gloss
range of the color
(1, gloss; 2,
semi-gloss; 3,
lusterless). Where
a color appears in
more than one gloss
range, the last
four digits are the
same, The Federal
color numbers list-
ed are gloss colors.
Federal Standard:
Colors, NO 595, in-
cludesg thase colors
in semi-gloss and
lusterless when
required for Shore
Establishment use.
{Ref, J.8)

2192 j

i

actors fox/ Federal Color Standards

(No. 595)

S Federal Color |Reflectance

Color Number Percent
Light ivory 13711 75
Soft yellow 13695 72
Peach 12648 64
Sun tan 13613 60
Light green 14516 55
Highlight buff 13578 55
Brilliant yellow 13538 55
Light blue 15526 50
Pearl grey 16492 46
Light Navy gray 16251 29
Bright green 14260 26
Medium green 14277 25
Vivid orange 12246 23
Medium tan 10219 21
Terra cotta 10233 20
Clear blue 15177 19
Spruce gregn 14159 15
International orange 12197 15
Radiation purple ' 17442 15
Med. Navy gray 16187 14
Deep green 14158 14
Fire red . 11105 7
Deep Navy gray 16087 7
Passive green 14077 7
Passive maroon 10075 7
Marine Corps green 14052 4
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‘_J,.'I’a'.t'Jle II-J-5 General Reflectance Factors of Paint, Papez_‘, and Wood

Percent of Re~- Percent of Re-
Color flected Light “ Color flected Light
White 85 |
Light Dark
Cream 75 Gray 30
Gray 75 Red 13
Yellow 75 Brown 10
Buff 70 Blue 8
Green 65 Gfeén 7
Blue 55 ”
Medfum || Wood Finish
Yeiiow 65 Maple. 42
Buff 63 Satinwood 34
Gray 55 English Oak\ 17
Green 52 Walnut 16
Blue 35 E Mahbgany 12

: (Ref. J.8)
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e Table II-J-6 Reflectance Range for Interior Surfaces

Ceilings 60 to 85 percent (white or pale tint)*

Walls 35 to 60 percent#

Window or -1 Fabric treatment: .
Glass Wall Wide expanse or backgrounds. 45 to 85 percent .

Limited areas of decorative
deslign on light background
or side draperies 15 to 45 percent

Floors 15 to 35 percent (25 to 35 percent preferred)+
(Values of high end of range recommended for use in
rooms where lighting efficlency is a major conside~-
ration: kitchen, bathrooms, utility rooms)

% 70 percent or more is requlred for effective performance of
indirect lighting methods., -

# ° Appreciably higher than 50 percent creates brightness problems
when portable luminaires are placed near walls and when exten-
sive wall lighting methods are used. According to paint manu-
facturers, the public prefers 45 percent.

+ Middle to high values preferred because of their predominance
within the 60-degree cone of vislion when performing many visual
activities. ' |

2.2 Interrelationships in Living Areas

..W_

Interrelationships among colors, temperature, sound,
and overall subjective impression in living areas are
presented below,



Color

"Warm"

red

yellow
lemon
pink
ivory
cream
peach
coral
rose
wine

Sound

Temperature

Subjective Impression in Living
Area

Noise induces a -
hazier perception
of warm colors .

Brightness, loud-
nese, stimulation
of senses in gen-
eral are associ-
ated with the most
active effect of
warm colors.

"“warmness''
Use to soften
up chilly or
vaulty spaces.

Centrifugal action - with high
levels of illumination, warm and
luminous colors, the person tends
to direct attention outward.
There is increased activation in
general, alertness, outward ori-
entation. Such an environment

is conducive to muscular effort,
action, and cheerfulness.

"0001"
green
blue

violet
lilac

bluish-

" green

turquo-
ise
lime
jade
aqua

Noise increases
sensitivity for
cool colors.

Dimness, quietness
and sedation of the
senses in general
are assoclated with
the most active
effect of cool
colors.

“coolness"

| Use where work-

ing conditions
eXpose person
to warm tempe=~
ratures,

Centripetal action - with softer
surroundings, color hues, and
lower levels of illumination,
there 1s less distraction and a
person’s ability to concentrate
on difficult visual and mental
tasks is enhanced. Good inward
orientation is furthered.

(Extracted from Ref. J.2, J.3, J.4)
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2.3

Interrelationships of Colors, Odors and Taste

Interrelationship among colors, odors, and taste are

shown below:

‘OdorN : Taste
These colors have pleasant pink coral
assoclations with odors and taste, | lavender peach tints
Thelr use in food service areas pale yellow soft yellow
has been shown to facilitate appe=~ | green light green
tite appeal.
' vermillion
| £flamingo richer
! pumpkin colors
turquoise
Avold these colors in food ‘gray yvellow-orange
gervice areas as they have un- brown yellow-green
pleasant associations with odors black purples
and taste. deep shades violet
in general greenish yellow
gray
blue
olive

(Extracted from Ref. J.2, J.4)

2.4

!

. Interrelations Between Color and Type of lllumination

In the field of interior color, the expression ''true color"

has no meaning.

finite number of ways (Ref. J.6).

Light modifies colors in an almost in-
The effects of artifi-

cial illuminants on the perception of color is of particu-
. lar interest in establishing habitability illumination re-
© quirements; therefore, the effects of white fluorescent
. lamps and mercury and filament lamps on the percep-

" tion of colors are given in Tables II-J-7 and II-J-8.




Table II-J~7 Color Effects of White Fluorescent Lamps

RCEIRNRPI S SR

Cool Deluxe* Warmt Deluxe+ ' . Soft White
White Cool White White Warm White |Daylight White Natural
Lamp appearance; White White Yellowish | Yellowish |Bluish Pale Pinkish
effect on neutral White White White Yellowish |White
surfaces.
Effect on "atmos- Neutral to |Neuttal to |Warm Warm Very Cool |Moderately |Warm,
phere™ moderately |moderately warm pinkish
cool cool . ,
Colors strengthened |Orange, All nearly |Orange, Red, Green Orange, Red,
yellow, equal yellow orange, blue. yellow orange
blue vellow,
green
Colors grayed Red None appre= | Red, Blue Red, Red, Green,
clably green, orange green, blue-
blue blue
Effect on complexions| Pale Pink |Most natu- | Sallow Ruddy Greyed |Pale Ruddy Pink
ral
Remarks Blends with{Best over- ' Blends with{Excellent |Usually Usually re-|Usually re~
natural all color incandes-~ |color ren- | replace~ placeable |[placeable
daylight. |rendition; | cent light.|dition; si-| able with |[with CW or |with CWX or
: simulates mulates in-~| CW, WW. WWX.
natural candescent
daylight. light.
* Creater preference at higher levels. Source: General Electric Company

+ Greater preference at lower levels.

e i — L i [
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Table II-J~-8 Color Effects of Mercury and Filament Lamps

Incandescent !' High Intemsity Discharge Lamps
: White Mer~ |Deluxe White
T.amp Names Filament** Clear Mercury cury Mercury Multi-Vapor¥ Lucalox**
Lamp appearance |Yellowish white | Greenish blue- Greenish Purplish Greenish Yellowish
effect on neu- - white white white white
tral svrfaces
Effect on "at- |Warm Very cool, Moderately |Warm, Moderately Warm, :
mosphere" Greenish cool, Green=| Purplish cool, Green- | Yellowish
ish ish :
Colors stren- Red Yellow Yellow Red Yellow Yellow
gthened Orange Green Green Yellow Green Orange
Yellow Blue ° i‘Blue Blue Blue Green —]
Colors greyed Blue Red, Orange Red, Orange | Green Red Red, Blue
Effect on com- |Ruddiest Greenish Very pale Ruddy Greyed Yellowish
plexions : ‘ :
Remarks Good color Very poor Moderate Color Color Color
rendering color render- color ren~ | acceptance |acceptance acceptance
ing dering similar to |similar to approaches
CW fluores- |CW fluores- -|that of WW
| cent cent fluorescent

* Greater preference at higher levels.
%% Greater preference at lower levels.

861~¢
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A related problem concerns the ''normal'' appearance

of object colors; for example, the normal appearance

of human flesh. It has been demonstrated by A. A,
Kruithof (Ref, J,2) that the normal appearance for ob~
ject colors will require different tints in a light source,
depending on the degree of illumination intensity. Colors
of objects and surfaces will have a pleasing and natural
appearance only if the color tint of the light source is
warm (pink, orange) at low levels of intensity and whiter
and cooler at high levels of intensity. Figure II-J-2 de-
monstrates Kruithof's principle; the region of natural
appearance for object colors in relation to the tint of
light source and level of illumination lies within the
crosshatched area. Note that for good and flattering
human appearance, warm light is required at low levels
of illumination and whiter (cooler) light is required at
higher levels of illumination.

!\\ - N~ ~ \\
gt
>
: - )
175009 20000_ 2250° 2500° 300C° 4000° 5000° 10,000°
=~ Warm Tint L ', Cool Tint-——a

Color Temperature, %Relvin ,

Figure II-J-2 Kruithof's Principle {Ref, J.2}
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Table II-J-9 Kelvin Color Temperatures of White Fluorescent Lamps

Lamp Color Name Color Temperature’
Warm White ~ ~ - 3000K
Deluxe Warm White : . 2900 K
White ' 3500 K
Cool White ) 4200 K
Deluxe Cool White ' 4200 K
Sign White . 5200 K
Daylight ~ 7000 K

Source: General Electric Company

2.5 Interrelationship of Volume and Ventilation Requirements

Often the production of body odors in an enclosed space
requires ventilation, The data plotted in Figure II-J-3
below are the minimum odor-free air requirements to
remove cbjectionable body odors under laboratory con-
ditions for sedentary adulis and for adulis engaged in
manual tasks. ’

8

& 30 N\ ' _

34’ \\ ' i

y N ,

& 25 :

5 N RN

O 20 N :

L . - |

§ 15 ‘ < \\\

& . . \\\ Manual {

< 10 \‘\ Tasks )

Q A r

Q —] :
—— - .

ki 5 .| _| Sedentary l

;5 ~ ' Tasks i

ge} N (:

O 0L » !

100 200 300 400 500 6p0

{(Extracted in part from Ref, J,I)
Airspace per Person, Cu, Ft.

Tigure II-J-3 Minimum Odor-Frece Requirements to Remove
Objectionable Body Odors
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CREW AREA CRITERIA

1.0

3.0

Introduction

Habitability criteria standards are presented in this
section by crew area for a broad range of mission para--
meters. Data relating to the following crew areas are
presented for each area by the groups listed below. The
four groups are further broken down by specific areas.
The description of each area, to a great extent, deter-
mined the various standards and concepts. The activity
of the crew areas determines the metabolic rate for tem-
perature considerations and lighting requirements and
is listed as either high, moderate, or low. The mood
to be created in the room determined such factors as
temperature, color, lighting, and acoustics. Therefore,
the mood characteristics are either restful, mental con-
centration, or physical activity. The social factor de~
termined such items as hygiene and mess requirements,
volumetric requirements, and dual room usage. For
each standard and concept, all of the descriptive terms
must be combined to achieve the optimum standard or
concept.

Personal Areas

1. Crew Compartments, Bedroom

Public. Areas

1. Dining Room
2. Lounge
3. Recreation

4, Library

5. Study

6. Conference
7. Passageway
8. Chapel

9. Gym

0. Locker Room

Fo a—
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3-2

11. Theater
12. Briefing Room

Service Areas

.. Galley
Snack Bar
Bathroom
Dispensary
Laundry
Barber Shop

* L]

TN W N

Work Areas

fomd
.

Equipment -
Maintenance
Power

Storage, Food
Supply

Control '
Communications
Computer

Shop

Offices
Laboratories
Docking
Photography
Animal Housing
Agricultural Study Area
Air Locks 'i

1
H

. . .
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3-3

AREA:
DESCRIPTION

ACTIVITY:
MOOD
SOCIAL FACTOR:

Crew Compartments (bedroom)

Low |
Restful, Mental Concentration
Private with ability to have one '
ar two gne_s_t_s N

.~ LIGHTING
d

Light Source:

Light Level, Foot Candles

:
H
I
&
i
i1z
:
1

REMARRS: Individual reading lamps

Relative fumidity, ¥

Incandescent
and Desirable|/Minimum| at head of each bed for personal
Fluorescent use essentlial. General lighting
10-30 3 level controllable (high-low) to
Item Reflectance, % adequately meet needs but not in-
Desirable| Minimum| terfer with functions of other
Ceiling 60-90 60 occupants. Atmosphere shpuld be
Walls 20-50 T 15 cool and relaxing. !
Floors 15-35 10 i
Furniture 20-40 10 i
. Draperies 15-60 15 ;
A
ACOUSTICS
. IHESREAE !  REMARKS: Relaxation must be pro=
= RN moted, therefere Inlermittent and
: NJH REEH high-pitched noise sources must’
TR THERE be eliminated. Thick carpets,
g AL 1 drapes, and padded cloth furniture
g TR . can be used to help trap noises.
‘éf‘ icc‘ar.sl:; el
g bt TT | {11 .
bt i
20 1 1, @00 [su00 {ruves
25] 5")63 ll ‘62 Ogljgl':u Sd:?'x‘\)
TEMPERATURE \
Comfort Zomnes )
90 Legend: !
e 5 PSIA '
I 10 PSTA —— — ——
o 80— o 14.7 PflA—-——- 1
E o — == y
RN | Afr Flow Rate: 50 fpm }
& | | —~— | ___ | Metabolic Rate: 300 BTU/hsg
& ——————— | 7 — —=j Clo Factor: 0 to 1.0 .
2 60 I — Occupancy Time/Day: 9 Houns
pa]
= .
&
£
= 5033 60
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EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC
. here is an acceptable color
ANALOGOUS P scheme for the defined mood
& Q & i
& © | § % g :::a?cii::ﬁZrlizeihzﬁlghiit
Iy} =) = = = o ?
g E = -g = ga be construed as the sole
£ R H o K =g solution, The Ostwald Color
E 4 2 ) ] E 9 System is employed as a base-
(= n @ 0 0 O« line reference only. Both warm
3ba 2dc  léne 13fe 13ne |2ic and cool schemes are recommended
l4pe 15fe 13pc {2ne to allow for personal taste and
14pl 13pl |2pc provide for change. Provisions
: 15ne should be made for personal
15p1 involvement if desired by occupant .
VOLUME

REMARKS: . The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain

to an artificial gravity enviromment, It is recommended that all personnel
be provided with a private room. The following area galdellneszlpply
(square feet): Gross: 45-50, Visual: 38, Net: 20-38 (fold up bed).

Ceiling Height= 6'6"

 PR—— | "0"-——‘—"‘"]

T
; SOLDQ

/ ’ 30 ' /| YA
/ LV /-» BIVA

A P

BED STOWED BED DEPLOYED
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EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC ' here is an acceptable color
' ARALOGOUS o scheme for the defined mood
o b & b 5 and activity level of this
" g 2 = g = area; however it should not
g 'g sl g o Ea be construed as the sole
5 L) X o H a5 'golution, The Ostwald Color
E 2 2 < 5 g 9 System is employed as & base-
R w o ,w © @ O« line reference only. Both warm
3ba 2dc¢ 17nc  3dc  15nc |2nc -and cool schemes are recommended
171g 151a {2ng = to allow for personal taste and
17p1 - 15p1 provide for change. Provisions
181g should be made for personal in-
18pl volvement if desired by occupant.
VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
to an artificial gravity environment, :
A: Suitable for deputy commander, crews 50 - 100, Gross area/man=
80 sq. ft.
B: Suitable for deputy commander, crews 15 - 50, and management per- \
sonnel, crews 50 = 100, Gross area/man= 70 sq. ft,
Ceiling Height= 6'6". ‘

|

i‘

112 13 1als el Islo liolialializlial aslie li7]1s 119]
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EXAMPLE COLOR SCHEME

MONOCHROMATIC | A REMARKS: The example shown
here is an acceptable color
scheme for the defined mood

and activity level of this
area; however it should not

= "be construed as the sole

g golution, The Ostwald Color

g System is employed as a base-
O« line reference only,

.Both werm and cool schemes are
l4pc recommended to allow for personsgl
taste and provide for chenge
Provisions should be made for
personal involvemen’ if desired
by occupant,

Subordinate
4
B
g
]
w

33

g qudominant
o, Subdominant

w Dominant

NN N
o g 3
=0 0

(¢}
Lo LD fet bt b
@ oo o Subordinate
[N I o I (]

-

I

o]
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VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
to an artificisl gravity environment, The bedroom and bathrocm sizes
are constant for all missions; the office varies according to crew size.
Gross area/crew size- 125.5 sq. ft./6-30 crew; 133.5 8. ft./31=60 crew;
159,5 sq. ft./61-100 crew, Celllng helght~6'-6"

1112 1314 Is]el7 18lo liolinlazl 13 14]15 |16 17/ 18] 19]
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II1-3.1 AREA: Dining Room
DESCRIPTION
ACTIVITY: Moderate to Low
. MOOD: Restful
"SOCIAL FACTOR: Public
LIGHTING

Light Source:

Incandescent [Light Level, Foot Candles| REMARKS: Two levels provided to
and Maximum| Desirable| Minimum| suit the individual conditioms:
Fluorescent "1 higher level for expediting meal
: 30 15-30 10 serving time, lower level for
Item Surface Reflectance, % gubdued, relaxed dining. Higher
Max{mum| Desirable] Minimum| level for maintenance program.
Ceiling 90 - 6090 60 Environment warm and imviting.
Walls 60 35«60 35 Use of incandescent appropriate,
Floors 35 15-35 10 '
Furniture 45 15-45 15 :
Draperies 60 15-60 15 :
Machines : - !
Control Panel - :
Ianstruments = .
ACOUSTICS 1
i i NINBR AR i '
wof H- i ;E REMARKS: High pitched noise sources
ol T'**"‘ QA A A 1% must be particularly avoided to
¢ L e o preclude crew annoyance. Unloca~
g i a el B lized noise sources are more an-
H : IEEBE T noying than noilse sources that can
g ‘?*;__ i be localized. From stendpoint of
Saof: T é noise control, ideal wall, ceiling
>¢; - - ; - and floor sghould be massive and
mzo [ ];o iR lls(lﬂ Jais] fé30]” 17;( 2563 |5 ?i(x! Tosoc porous. SIL levels below 60 db
2531 susa m?z‘ '28‘3":&%{0 :1\3 o m; uﬂlqﬁg_oo nggw ShOuld be maintained °
TEMPERATURE
Comfort Zones ‘ . v
90 : Legend:
—— 5 PSIA
e T — 10 PSIA = — — — —
80 = _,___\"‘ ——— T 14,7 PSIA — = —u-
h‘""“--jgu~_-~‘- —
I — — Air Flow Rate: 60 fpm
70““-—-—~._ ‘“"“-~._-:::?-sﬁ\‘ Metabolic Rate: 408 BTU/ by
e T TT— i~ ===+ Clo Factor: .75 to 1.0
601 I — Occupancy Time/Day: 2 Hours
5035 40 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole
golution. The Ostwald Color
System -is employed as a base-
line reference only. Warm
colors are used to enhance
feelings of relaxation and aid.
the senses of taste and odor.

MONGCHROMATIC

=
&
(o]
8
@

Complementary

Subdominant
Subordinate
Subdominant
Subordinate
‘Accents

Dominant

VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
to an artificial gravity environment, Gross area/man = 15 sq. ft.
Ceiling height = 7'-0" for up to 300 sq. ft. gross area, 7'-6" 300-500
" sq. ft. gross area. Seating provision recommendations are as follows:
crews 6-20 = 100% of crew. For creWSgin'excess of 20 it is recommended
: . ! that seating be provided
S for a minimum of 50% of
- - 18'-11" - the crew. More than two
e 9'=2" 30" - 73 - settings per meal should
be avoided. It should be
kept in mind that this
will likely be the largest
visual area in the habitat.

241

- Lo
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111-3.2 AREA: Lounge
: ’ DESCRIPTION
ACTIVITY: Low
MOOD: Restful ,
SOCIAL FACTOR: Public :

.~ LIGHTING

Light Source:.

Bulb Temperature, °F

Dry

Incandescent [Light Level, Foot Candles|.REMARKS: Lighting should be de-
and Maximum| Desirable| Minimum| signed primarily for comfort and
Fluorescent | ‘ relaxation. FEmphasis should be
30 20-30 10 placed on creating variations
Item Surface Reflectance, % within the room with 30 fc in
. Maximum| Desirable| Minlmum| reading areas, Provide adequate
- Ceiling 90 60~90 60 visual rest centers. Friendly,
Walls 60 35-60 30 ~ warm sources desirable.
- Floors 35 15-35 10
Furniture 45 20-40 15
Draperiles 60 15-60 15
ACQUSTICS
30 N SR E i " T ]‘
LA R N SESE AR 5 | REMARKS: Arnnoving noise scurces
' N R _ (intermittent, high-pitched, un~,
8 NP e localized) must be avoided.
3 LTINS N i . Thick carpets, drapes, and padded
8 TR T TR TR ’ cloth furniture help to trap
O EYRTIIE T “\=v“rﬁﬁ T ' noise. "
§' I, n rwnuxlx 1 :
: i IHE
e TR T L L P R
3 125 r:gum;gly": ‘h)(“ {d 2000 4000 u
TEMPERATURE
Comfort Zones |
90 Legend:
— _ 5 PSIA
—— T — . 10 PSIA —— — — — '
80 e 14,7 PSTA— - —— - }
\ . — T —— '3’
T — ] ] i
_“f::f“‘—-~__ I Air Flow Rate: 50 fpm i
— 94— ==~ - ___ | Metabolic Rate: 450 BTU/br t
hNu*n‘"‘“ﬂ-—-—-~_N“ T 7] Clo Facter: .75 to 1.0 i
60 I — Occupancy Time/Day: 2.5 Hours
30375 50 T80 60 70

Relative Humidity, %
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/
/
EXAMPLE COLOR SCHEME
’ REMARKS: The example shown
MONOCHROMATIC -here is an acceptable color
ANALOGOUS | b scheme for the defined mood
o I o s s and activity level of this
o ] 2 ] g g area; however it should not
& *é o vg' o B2 be construed as the sole
& o H < H = &  solution. The Ostwald Color
E S 5 3 < E 9 System is employed as & base~
/A w 0 2! 7] O < line reference only.
1ba lic 1Ing 2db 2ng 151g -Warm colors with low intensities
Ini 2ni 15fe and subtle value changes supple-
. 24ng ment a relaxed attitude and add
24%p1 a note of cheerfulness,
VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain

to an artificiel gravity environment, Provide lounge seats based on 207
of crew sizes from 6 -~ 50, Minimum 4 seats. TFor crew sizes from 50 - 100
provide lounge seats based on 15% of crew size over 50, plus 10, Gross
area/seat= 16 sq. ft. Ceiling height = 7'0",

X

A
A 15"

C 48"

S - e
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I11~3.3 AREA: Recreation : Ty
DESCRIPTION |

ACTIVITY: Moderate to High
P MOOD: Mental Concentration® & Physical
P SOCIAL FACTOR: Public Activity

LIGHTING

Light Squrce:

|

Incandescent [Light Level, Foot Candles| REMARKS: Lighting should be gene-
and Maximum| Desirable| Minimum| ral to allow maximum use of area
Fluorescent . ' for actilve recreation. Colors
30 20-30 | 10 should be cool. Individual game -
Item Surface Reflectance, % | areas should be highlighted. Re-
Maximum| Desirable| Minimum| laxing as in lounge.
Celllng 90 60~90 60
Walls 70- 40-60 35 ) -
Floors 50 15-35 15
Furniture 45 | 25-45 20
Draperies 60 15-60 15
ACOUSTICS

LS

LR REMARKS: SIL level below 60 db
BEL must be maintained. From stand-

point of noise control, ideal

i ] wall, celling, and floor should

be massive with rough porous

surface. Thick carpets, drapes,

and padded cloth furniture help ~

"

1/3 OCTAVE BAND SPL, db -
: o

Dry Bulb Temperature, OF

aopd ”;5. %i to trap noise. \
ARSI, Ul
. 2025' 4050 'sul DI ”ig.)() 3]451)0 63(5’["0 !2?80 23‘1’2(‘ 3”2;0 ﬁ 000
31 63 125 250 500 1300 2000 4000 8000
FREQUENCY, M2 |
TEMPERATURE
Comfort Zones : T
-90 Legend:
— 5 PSIA
T 10 PSIA —— — — —
80 === = 14,7 PSIA — - ——-
I T — ] !
\ : —
70 b= — . ! Air Flow Rate: 70 fpm
: — v I ——1§___ | Metabolic Rate: 45% to 700 BTU/hr
C— T ~—|——""7] clo Factor: .75 to 1.0
60 f~‘_—‘—“"1“‘--5-____j Occupancy Time/Day: 2 Hours
5038 50 50 60 70

Relative Humidity, %

*Card Games
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P

EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC s
here is an acceptable color
ANALOGOUS | o scheme for the defined mood
Lo @ <) Q 1t
ol E fE 3l s
+ =] L= “ = ) ’
5 g s ‘fé ha B» be construed as the sole
& o by < K = & solution, The Ostwald Color :
E S 5 S 5 g9 System is employed as a base-
/A v o« 2] L2] O« line reference only,
Sba 5fe 5na 3fe 3na |15na  Warm colors with high intensities
5pg 3pg |13%la enhance feelings of excitement
6na and low responsibility.
6pg
VOLUME

REMARKS: Gym, theatre, dining area and crew compartment areas are

utilized for recreation activities. . : ;

S

-




Dyy Bulb Temperature, OF

3-.13
i

ITI+3.4 L AREA: Library
. DESCRIPTION
_“fXEEfVEE§E Low
MOOD: Restful and Mental Concentration
S0CIAL FACTOR: Public

LIGHTING
Light Source:
Incandescent-({Light Level, Foot Candles| REMARKS: Lighting should be
Halogen Cycle, Maximum|Desirable|Minimum| suitable for reading, either
Fluorescent _ at a table or In a chair.
30 20-30 10 Relaxing. '
. Item Surface Reflectance, % '
Maximum|Desirable| Minimum
Ceiling 90 60~90 60
Walls 70 40-70 35
Floors 40 15~35 10
Furniture 50 35-50 20
Draperies 60 15-60 15
i
' {
ACQUSTICS g
i

REMARRS: SIL levels below 50 db
must be maintained., Intermittent
. and high-pitched nolse sources
vl ' must be avoided to promote rest-
; ful atmosphere and facilitate
mental concentration. Thick
carpets, drapes, and padded
H purruz) =l cloth furniture help to trap
ISNERENI noise.

2

]

e

1/3 OCTAVE BAND 3PL, db
- " ~

20

R T Er N
a €3 125 ':m?umﬂy), “: 4 _
TEMPERATURE
Comfort Zones
90 Legend:
S ; 5 PSIA
——— T — 10 PSIA —— — — —
80 == '“‘\-_ ~=——1 14,7 PSIA — = e —
\ ———— — — - ~ - .
70 = B ___ﬂ::?‘~‘-*‘"‘-—,__~_ Air Flow Rate: 50 fpm
- -~ ——— = ——|— . __| Metabolic Rate: 450 BTU/hr
-‘-h-"“““‘-—~_~__ : — = Clo Factor: .75 to 1.0
60 I e _Occupancy Time/Day: 1 Hour
5050 40 50 60 70

Relative Humidity, %

PN BTG R RS e s
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EXAMPLE COLOR SCHEME

REMARKS: The example shown
‘here is an acceptable color
scheme for the defined mood

and activity level of this
area; however it should not
_be construed as the sole
solution. The Ostwald Color
System is employed as a base-
. line reference only. Colors
l4ie provide adequate illumination
151c¢ l4ic levels for sight tasks and cool
16ic hues evoke an atmosphere of
léie relaxed restraint and high res-
ponsibility,

MONOCHROMATIC

2
g
:

g; Dominant

o Subdominant
Subordinate
Subdominant
Subordinate
Complementary

(=]
0
=t
(o
e
0
!
L]

ite

o Accents

N W
B
[¢]

VOLIME

REMARKS: The following recommendations sre to be used for gemeral
guidance only; unless otherwise noted, the ares recommendations pertain

to an artificial gravity environment, Mission 30«60 days=.5 lin, ft, of
shelves/man; 60-120= 1,0'/man; 120-1040= 2,0'/man. Minimum books/mission=
mission duration (days). 'One lin, ft. of wall space= 6 1in, ft. of shelf
space, One lin, ft, of shelf space= 7 books. Limn. ft, of books= approx-
imately one square of gross area required for library. Ceiling height=
7'-0". Key passageway dimensions shown in schematic layout.

202"
18"6"

f—-30":{:

——]

L~ agri
{72 —

-
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III~3.5 AREA: Study : ~
DESCRIPTION
ACTIVITY: Low
. MOOD: Restful and Mental Concentration
SOCIAL FACTOR: Public ‘ ' 7

_-LIGHTING
” Light Source: - E
Incandescent~ [Light Level, Foot Candles| REMARKS: Lighting should be suitable
Halogen Cycle,[Maximum|Desirable|Minimum| for reading, either at a table or
Fluorescent: in a chair. Relaxing.
30 20-30 10 :
Item Surface Reflectance, % ‘
" [MaxImum|] Desirable|Minimum
Ceiling 90 60-90 60 -
Walls 70 40-70 35 !
" Floors 40 15-35 10 :
Furniture 50 35-50 20
Draperies 60 15-60 15
ACOUSTICS
RN AT SR KR AR R AR AR REMARKS: SIL levels below 50 db
SRR HEI NI must be maintained, Intermittent
s NS ! T and high-pitched ncise socurces
S AIRN NERIIE must be avoided to promote rest-
g ! ! ik ful atmosphere and facilitate
gs > x TR mental concentration. Thick
.k TN e 1 **; carpets, drapes, and padded cloth
g, ifff ; T’Tj‘r : furniture help to trap noise.
TN R EEHE N 1k
Ll S R g
FREQUENCY, Hz X ;"
TEMPERATURE ‘ )
Comfort Zones _
90 : Legend: |
e P— ] 5 PSIA ’
° "~u~\:‘“-Nhﬁ\‘ 10 PSTIA —— — o — ‘
o 80 e ———— == 14.7 PSIA — - —— }
5T | T — — -
H 20 = —_— . 1 Air Flow Rate: 50 fpm N
& __‘__._'""““--—-—-;::i::j;:;:::___‘N Metabolic Rate: 450 BTU/hr -i
T—— hand =3 ' B
& “-—--________~“-— ~ Clo Factor: .75 to 1.0 ¥
o 60 Occupancy Time/Day: 1 Hour !
g .
a- .
- A 3043 40 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC here is an acceptable color
ANALOGOUS | » scheme for the defined mood
19 X
u v ©» e ] and activity level of this
] 3 o Fv o
o @ ) 9 g g area; however it should not
g ol o ol o E @ be construed as the sole

(-] g o g o Q

£ 2 5 -~ H =5 solution, The Ostwald Color

E 4 3 e 9 EQ System 1s employed as a base-

a 7] 7 17 n O < line reference only.

White 17ea 17ie 18ea 18ia |-~ Colors provide adequate illumi-
17ia {15ea 18ga nation for sight tasks and cocl
17ga 18ie hues evoke an atmosphere of

! 15ia relaxed restraint and high
15ie responsibility, :

VOLUME

REMARKS: Not independent area, Prdvisions for study exist in
crew compartment and Library,

RS- — L AT
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SOCIAL

FACTOR:

Conference

« Moderate to Low
. Mental Concenirstion

Public

Light Source:

Light Level, Foot Candles

Relative Humidity,

%

Fluorescent REMARXS: Lighting should be
and Maximuml Jesirablel Minimum| efficient and funciicnal,
Metal Halide - Colors should be cool but
70 50-70 - 20 stidmulating,
Item Surface Refliectance, %
) Maximun| Desirable| Minimum
Celling 90 6G-30 60
Walls 60 £40-60 40
Floovs 35 15-35 15
Furniture 45 20-45 20
Machines 45 25~45 20
ACQUSTICS
o ' [
WL ' ' j!i ; REMARKS: EIL levels below 60 db
rof T : . il must be maintsined to promeote
s 14 sk Rt face-to-faca communicaticn.
ER M R R XY AN AR Avold intermittent, high-pitched
T T T e LA and unlocalized noise sources,
PN R H s T T thick carpets, drapes, #nd padded
e Lybr i - i i] Pex il H
Bachdort L L UL 0 At cloth furnitare can be used to
SO B N R N R AR “;‘ help trap noise,.
AR N R *
FREQUENCY, #z
TEMPERATURE '
Comfort Zones '
90 Legend:
’ ' 5 PSIA ~—
&' ?\“*\~ 10 PSIA —— — — —
w! T N \‘ — o ———
T e —t—
. T —— ~ '
g 70 - — Air Flow Rate: 60 fpm
o. T ——— el . ~~—— Metabolic Rate: 500 BTU/hr
E [ — T e
9 ol T = _| Clo Factor: .75 to 1.0
' —_— _Occupancy Time/Day: 2 Hours
5 60 =
3 :
2
e
& 5059 50 50 60 70

Do

e ot L
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 _EXAMPLE COLOR SCHEME

REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this
-area; however it should not
be construed as the sole
solution., The Ostwald Color
System is employed as a base-
line reference only, Warm
-colors add to stimulating

3nl ~ atmosphere which lends itself
to discussion and the exchange
of points of view,

MONOCHROMATIC

2
g
:

[»

Subdominant
Subordinate
Complementary
Accents

-]

£‘Subdominant
st

o Dominant

W
[+

3ne

v o~
S §~Subordinate
S e

W

O

LW
4]
[y

VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
to an artificial gravity environment, Sufficient seating should be
provided for the commander and 100% of department heads plus two seats,
Interior dimensions shown represent acceptable minimum passageway
clearances. Gross area/man= 15 sq, ft, Ceiling height= 7'0",

- 127-04- : g
- ' N
-1,8" '
1
9'.gn :
30" : 1
|
L"’}_S”"‘"‘" 181:,—!‘ 6'=0 > 36" ——
! |

A P S e oot i
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IT1-3.7 f AREA: Passageway

DESCRIPTION -
JACTIVITY: Moderate

MOOD: Physical Activity
SOCIAL FACTOR: Public

LIGHTING

Light Source: :

Incandescent-|{Light Level, Foot Candles| REMARKS: Lighting generally should

Maximum| Desirable] Minimum| be adequate to observe any obsta-
- cles. - Hallways provide transition

Halogen Cycle

20 5~20 1 between lighted areas; consequently,
Item Surface Reflectance, % lighting and color should meet
Maximum|Desirable|Minimum| transition function. Lighting
Ceiling 20 40-80 40 level should be no greater than
Walls 50 20-45 20 1/5th of adjacent areas.

Floors 50 C15-35 ] 15

ACOUSTICS

| VF?”.%: 3?¥, 1 ;% REMARKS:+ SIL levels below 70 db

d il T should be maintained so as not

2 I IRERAE " to interfere with loudspesker

STIREIIE UM communication. Floors made of

2UHT IR R e LR bare woods magnify impact noises,

R R e T particularly in long corridors.

Seop “Tjrf AT % Carpet with proper padding will

:”f an i.i}_%r T : absorb airborne sounds.

ol L RS : RN R )
owml b lwluu{mgoo‘“? ol % ulm‘;zu 23‘;20 o mluoo'
31 63 125 F:gguwgg? ":coo 2000 4000  BOUL
TEMPERATURE
Comfort Zones
90 Legend:
= : 5 PSIA
o LT —d 10 PSIA —— — — —
o 80 — = - 14,7 PSIA — = —— -
— | e

§ 70 — —— 7 Adr Flow Rate: 60 fpm
e T —— | Metabolic Rate: 400 to 750 BTU/hr
3 T —|———" —|— _____ | Clo Factor: .75 to 1.2 '
A 60”—_‘"“““—-—--——_~ ' =3 Occupancy Time/Day: .5 Hour
r:l e ———————
@
>
I
[}

5035 %0 50 60 70
Relative Hlumidity, % :

MR iyt LRI AR S 4TI 1 - omrs 2 ST, T RO




R it e SR

3-20

EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC .
here  is an acceptable color
ANALOGOUS | & scheme for the defined mood
E .é é é | g and ?ctivity level of this
" < Ed 2 o g area; however it should mnot
g g b g = 5.3 be construed as the sole
& ) 5 < H 'g‘g golution, The Ostwald Color
g 2 2 S 5 E 9 System is employed as a base~
=] 0 ) 173 N7 U< line reference only. ,
3ba 2dc 31c - 4nc |13%1la  Neutral scheme creates an
31g 4pi 141i  expansiveness in narrow areas
2ic and allows for good transition
2pg into areas which will be of
different color schemes.
VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
 to an artificial gravity environment. Zero-Gravity passageways based on

*limited data.

‘ . 30"
J
E— N S————

Minor ‘ Major

Zero Gravity

l" 30"—:4 — 42" —

\

78"

]

Minor Major

Artificial Gravity

A A AT PV NI " S TN S CR i e A
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Relative Humidity, %

I11-3.8 AREA: Chapel M
’ DESCRIPTION
ACTIVITY: Low
" MOOD: Restful and Spiritual Concentration]
SOCIAL FACTOR: Public B
-7 LIGHTING
Light Source: 9
Incandescent—|Light Level, Foot Candles| REMARKS: Lower subdued atmosphere 4
Maximum| Desirable] Minimum| for meditation; higher lighting %
Talogen Cycle levels for active worship. Speci-"
20 520 2 fic highlighting of alter for focus
Item Surface Reflectance, % of attention., Colors subdued. .
Maximum| Desirable| Minimum '
Ceiling -85 50-80 50 \
Walls 50 20-50 20 :
Floors 35 15-35 10
Furniture 40 15-40 10
ACCUSTICS
CHETTIEE L T b REMARKS: SIL levels below 50 db
NI SR il SHE] must be meintained, Intermittent
s MU L A ! and high-pitched noise sources
£ I iR !E must be avoided to promote restful
T TTITNG ST T ol atmosphere and facilitate mental
.o e e S A WP g 41 concentration. Thick carpets,
Bt il o IN T?ﬁﬁg.' 2l drapes, and padded cloth furniture
S,'d" ' - “T%—L&Tivg ! help to trap noise.
218 RoE L SHEE
R RN RN A
., FREQUENCY, Hz
TEMPERATURE
Comfort Zones =
90 Legend: ’ ;
- 5 PSIA '
0 [ ——— 10 PSIA _____ j
o 80— —— 14,7 PSIA — - —— - }
H = — — \\
B \ \.\\\\\ —— p——
g 70 k= | — —— — .1 Afr Flow Rate: 60 fpm %
& —T-re—— — ] Metaﬁolic Rate: 400 BTU/hrE
g ‘**—-~.___;:::::;:_____“~ Cle Factor: .75 to 1.0 i
a 60'~‘““‘~—~—~~_\__ S 1 Occupancy Time/Day: 1 Hour'
— ¥ P — N
R T
9 o
2 5055 Z0 50 60 70
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EXAMPLE COLOR SCHEME

 REMARKS: The example shown

e R e

MONOCHROMATIC R
here is an acceptable color
ANALOGOUS | o scheme for the defined mood
4 s - I s and activity level of this
U ) s < ] 5 area; however it should not
5 'g = "g b 8o be construed as the sole
g s B < H = & solution, The Ostwald Color
E | 4 5 5 g9 System is employed as a base-
" 2] 2 0 2] < line reference only,
White llpe 11lla |10pe 12%la|é4ni Colors used are those asso-
11le |12%pe 12%le|3pi ciated with religious signi-
) ‘ 10la figance,
101e
VOLUME

REMARKS : See Theater-
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II1-3.9 AREA: Gym ' -
' DESCRIPTION
ACTIVITY: High
: MOOD: Physical Activity
7 SOCIAL FACTOR: Public

-

LIGHTING

Light Source:
Fluorescent, [Light Level, Foot Candles| REMARKS: General lighting for
Mercury Vapor, Maximum|Desirable| Minimum| maximum use of area. Cool

Metal Halide ; colors.
30 20-30 | 15
Item Surface Reflectance, %
Maximum|Desirable| Minimum
Ceiling 80 70-90 60
Walls 70 46-60 35
Floors 35 15-35 15

ACOUSTICS

REMARKS: None

e wept g 1 gy ot S

1/3 OCTAVE DARD SPs., db
.

«
<

3
S,

16000

L
28

i: ;
0| | 40 lso sts 630] 1230 |2500 [500C
251 sol 100f 200[ 4 0] 6

63

=
®
=)
I
-3
=]
w
=
o

an 125 r:gugms;y? 1,000 2000 4000 ou
TEMPERATURE i
Comfort Zones :
90 A Legend:
- 5 PSIA
[o I \\ -l X 10 PSIA —————
o8O = 14,7 PSIA — - —— -
: —t = ‘
4;5‘ \\ \ . —_ : 1.
P == Alr Flow Rate: 80 f
o 70 _—C pm
= e S " Metabolic Rate: 750 to 1800 BTU/hr
Eﬁ‘_’( B ———— | \\N\:\\- Clo Factor: .5 to 1.3
2 6lD ] —— = Occupancy Time/Day: 1.5 Hour
Z —
>
=
= 5053 40 50 60 70

* Relative Humidity, %
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e

-

E¥AMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC . :
. here is an acceptable color
ANALOGOUS o scheme for the defined mood
& Q N 2
E 2 |8 £ | area hovewr it should not
'y = - ] =] o ’
= ‘é s 'g = B be construed as the sole |
£ - H ] & = solution. The Ostwald Color :
E | 5 | 5 g9 System is employed as a base-
A w 2] oz «© O < line reference only.
5ba 5fe 5ng 3fe 3ng 17ic Feelings of excitement and
5pe 3pe }151c stimulation are accented by
: 3ia warm hues,
3ea '
|
VOLUME

REMARKS: The following recommendations are to be used for general

guidance only; unless otherwise noted, the area recommendations pertain

to an artificisl gravity enviromment, _ .

A~ size-for crews of 6-50 men on missions of 30-180 days 102 sq. ft. gross

B- size for crews of 6-50 men on missions of 180-104C days 187 sq. ft. gross
C- size for crews of 50-100 men on missions of 180-1040 days 289 sq. ft. gross
D- _dize for crews of 50-100 men on missions of 30-180 days 204 sq. ft. gross
Ceiling Height= 7'0", '

SAUNA
| 17'0"
L.OCKER !
________ _ROOM B ) _ }
f:::\ ________ ,/’;E { 1-.'-0" ' 3
i e -~ .
! Ss - : | }
i - - il Cc
ak ({YM AREA‘ ) | 170"
/: e ~_ ]
¢ S~ it oD
3 L= o
;(::::::::_——1:__: ::—_—__...__.:::-'_:. 1 '-OI‘
RRR - 7 % ‘{
b - T z
| ISR 1 |
i a7 | 1 A
. -7 S i i
;5 e T ;l_ | 6'=0"
:’ l ’/"/ \'\\ { : i
“: e i i
] Y Pt
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I11~-3.10 / AREA: Locker Room
i DESCRIPTION
ACTIVITY: Moderate
. MOOD: Physical Activity
SOCIAL FACTOR: Public
LIGHTING
Light Source: B
Fluorescent [Light Level, Foot Candles| REMARKS: Gemeral lighting for
VMaximum| Desirable] Minimum| maximum use of area. Cool
colors, '
30 20-30 10 ‘
Item Surface Reflectance, %
Max{mum|Desirable|Minimum
Celling 90 50-90 50
Walls 50 20-50 20
Floors 35 15-35 15
ACOUSTICS
i S i it REMARKS: None
e PN ML
I ER T O SN | 3o et \
H ] RN A TR | |
¥ H—" o
E, IR I NE
g L b e ety e
Wb LR
202‘5" ws’o |w|' 16210 3‘2)0[632 ol *16e 2;2?»0 ngoqmnm
k23 63 125 r:;?umgg(: mm 0 2000 4000 #000
TEMPERATURE
Comfort Zones _
_90 : Legend:
I o 5 PSIA -
° —— | T 10 PSTA—— — — —
o 80 T —— 14.7 PSIA ~— = ——-
g \\ ——— \\ —
bt ™ — — ‘\ —— S
\ —
% 70 B e o — — Alr Flow Rate: 70 fpm
1 Tr— T — 1.
& ] = ——-— | Metabolic Rate: 600 BTU/hr
K i \\ Clo Factor: O to 1.3
2 60 T | Occupancy Time/Day: .75 Hour
= ~ _
28]
Z)
e 5035 %0 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

REMARKS: The example shown

" here is an acceptable color

scheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole

- golution. The Ostwald Color

System is employed as a base-
line reference only,

Color should be of warm hues
which enhance skin tomnes,

MONOCHROMATIC
ANALOGOUS ﬁ
s 2 R 3
o g B g g g
-] ol o ol ol BE o
] g ] g o v W
= = I -t o
ool .~ ] 1) L] ° o ©
E R | 3 g o
<) 7] 7] 17 7 O <
3ba 3de b5ec 51e 6ec l4nc
5gc 6gc
bec
Lge
VOLUME

REMARKS: See Gym

TN

-




Dry Bulb Temperature, OF
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IIr-3.11 AREA: Theatre
DESCRIPTION
ACTIVITY: Low
- _ MOOD: Restful
SOCIAL FACTOR: Public

LIGHTING

d Light Source:

. Incandescent [Light Level, Foot Candles| REMARKS: General lighting con-
and Maximum| Desirable| Minimum| trollable from high to off to
Fluorescent meet.needs of film projection.
25 5-20 2 Yery low intemsity lighting as
Item Surface Reflectance, % required to maintain safety
:  |Maximum| Desirable| Minimum| when general lighting is off,
Ceiling 90 60-90 60 Relaxing colors.
Walls 60 35-60 30
. Floors 35 15-35 10 !
Furniture 45 20-40 15
‘Draperies 60 15-60 15
ACOUSTICS

20 ¢ 1 1 H - T

! ! ; | S S R i

SE RIS B H R REMARKS: Ncne

80

S

-
-7
B R S e e P
y 4 :
/
. e

¢

)
1
1 /./
Ff
i1

. : H :
N 21 R B Sa g
1B . P -~.‘f’1 et
] . ii-ed ACCEPTARLE - it
1 i bt . ' 1. . HEER B
A1 S i psi . L
. : P f ;
1 j T RN SRR K
i i, T H [N ' Al h
A INE N AN
g I 40 [ [80 | | 160 ’315 630( {1250 zsog 5000 {10000
25:“ 50 100] 200{ 4 8 1604 3150| 630g
63

125 250 500 1000 2000 4000 &OCO
YREQUENCY, He

TEMPERATURE

1/3 OCTAVE BAND 8PL, d9

N
=

-
Q

S
g

Comfort Zones ‘
90 Legend: ,
5 PSIA = Ig
10 PSIA == = — — ’

80'\ —— 14,7 PSIA — = —— -
- 1 1
I T = m 60 £ r
70— - r ow Rate: pm ;
— — — | | Metabolic Rate: 450 BIU/hr i
—— T T . Clo Factor: .75 to 1.0 E
6O.-~‘~“‘-——‘_2_~___ T — T ] Occupancy Time/Day: 2 Hours:
— ) _
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" Relative tumidity, %
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i
EXAMPLE COLOR SCHEME
MONOCHROMATIC REMARKS: The example shown
_ here is an acceptable color
ANALOGOUS P scheme for the defined mood
- i H s b and activity level of this
o g 8 e e g area;»however it should not
s 'g e - = g 2 be construed as the sole
& - by ,é = 'E“g solution, The Ostwald Color
E £ 5 5 S EY System is employed as a base-
A “ w v 0 O« line reference only,
5ba 5fe 5na 3fe 3na 15na Warm colors with high intensities
5pg ¢ 3pg |13%la enhance feelings of excitement
-6na and low responsibility.
6pg
VOLUME )
’ .
REMARKS: The following recommendations are to be used for general

guidance only; unless otherwise noted, the area recommendations pertain

to an artificial gravity environment,
provided for 507 of the crew.
7'0"= 100-300 sq, ft., 7'6"= 300-500 sq. ft.
dimensions shown are:

Ceiling Height:

(Back to back).

Sufficient seating should be

Gross area/man = 10-12 sq. ft,

Key

A-Minimum viewing distance; B-Minimum screen
size, C-Major through passage, D-Seats (Center to center), E-Seats

14____~____A80"___;;_,Tﬁzz"ﬁ,A;E 345_,1
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III-3.12 AREA: Briefing Room
DESCRIPTION
ACTIVITY: Moderate
. MOOD: Mental Concentration
T SOCIAL FACTOR: Public

LIGHTING

Light Source:

Fluorescent |[Light Level, Foot Candles| REMARKS: Lighting should be effi-
and " |Maximum|Desirable|Minimum]| cient and functional with emphasis
Metal Halide ) _ ’ in some areas. Projection type
70 50-70 20 lighting may be required.
Item Surface Reflectance, % o
Maximum]Desirable|Minimum
Ceiling 90 60~90 60
Walls 70 50-70 50
Floors 35 15~35 15
Furniture 45 | 25-45 15
ACOUSTICS
i T T . REMARKS: STI. levels below 40 db
"N IR ? _ must be maintained to promote
&M SIRRIHE Rt effective communication. Avoid
SIS T R Z intermittent high-pitched and un-
g ol ~‘M\¢%& AT i localized noise sources. Thick
5o i P S e : carpets, drapes, and padded cloth
5.kl NG e L furniture can be used to help
g | 2R ﬁ%{-#J’:_ ;; ' trap noise. N
1B IR ' '
T A T TR
FREQUENCY , Hz :
TEMPERATURE
Comfort Zones :
.90 ] Legend:
B 5 PSIA
) 10 PSIA —— — — —
o 80— 14,7 PSIA — = —— -
[l TTe— —_— - ——— 4 Y
3 Rl SO 1 —_— .
—— —
5 : | Air Flow Rate: 60 fpm
é 7?:::::”‘-—_,_____§ T T———| Metabolic Rate: 500 BTU/hr
g - T = Clo Factor: .75 to 1.0
o 607"""‘“‘-—— _____u__-~&:- —! Occupancy Time/Day: 1 Hour
& .
~ 5035 %0 50 60 70

Eelative Bumidity, %




' EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC here is an acceptable cclor
ANALOGOUS o scheme for the defined mood
u [ ) o o and activity level of this
= & [~ Y] & N
o @ g © © 5 area; however it should not.,
& far ot o ol E @ be construed as the sole
< E o E o O o
& S H 2 H '3.5 solution., The Ostwald Color
g -g -g ‘S -g g 9 System is employed as a base~ |
a % 7] ) % O« line reference only, :
White 15dc 15ic - l4ie {2 ea Ccol colors recommended with
15ic l4ic low contrast and intensity to
16ic cause the least amount of dis-
16ie traction, '
VOLUME

REMARKS: See conference room

SEals- Vo g ety Y, S o



Dry Bulb Temperature, °F
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IT1-4.1 AREA: Galley -
DESCRIPTION
ACTIVITY: Moderate
MOOD: Physical Activity
"SOCIAL FACTOR: Public

LIGHTING

Light Source:
Incandescent-|Light Level, Foot Candles| REMARKS: For maintenance purposes

Halogen Cycle,[Maximum|Desirable|[Minimum| area must be clean and bright.
Fluorescent Lighting should be ecrisp and effi-
50 20-50 - 10 clent with emphasis over work areas.
Item ~ |Surface Reflectance, % Light surfaces will facilitate uti-
Maximum|Desirable|Minimum| 1ization of light in reaching cup-
Ceiling 90 70-90 60 boards, under counters, etc. Loca~
Walls : 70 40-70 35. 1ized lighting over dish washing
Floors 40 20-40 20.. | area for high degree of performance
Furniture 95 60~80 50 in inspecting clean dishes. Serving
’ area should have deluxe color lamps
to enhance appearance of food.
SBource equipment must be easily main-

! ' tained and cleaned with minimum of
ACOQUSTICS dirt holding crevices or attachments.

REMARKS: High-pitched noise sources
interfere mogt with work, Conti-

T | ' uous high-pitched noise levels above
L] 90 db must be particularly avoided,

80

&

1 1 -
L DL L
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!

! ! ~

h

l 1

H L RE R HE

“dli = d o rd ot tl' R
0 40 U 60 15 30| Ixzq 2009|5000 [16000

22‘5' 50[ x!w‘ 2ol 40[ s00] 1609 31501 &30Q

.

31 63 125 250 S00 1000 2000 4000 8000
FREQUENCY, Mz .
4

1/3 OCTAVE BAND SPL, db
rs
o

w
o

TEMPERATURE
Comfort Zones
90______- Legend:
T — T - 5 PSIA
\~?\ '\\ .
\‘\ s
' 1. | Air Flow Rate: 80 f
70 ]| e : pm

| Metabolic Rate: 700 BIU/hr
. | —— Cclo Factor: 1.0

Occupancy Time/Day: 1.5 Hours

o]
(o]

i

¥
(@]
w

30 0 50 60 70
Relative Humidity, %
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EXAMPLE COLOR SCHEME

REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole
solution. The Ostwald Color
System is employed as a base-
line reference only.

A feeling of cheer is created
with warm colors while main-
taining high light levels,

MONOCHROMATIC
ANALOGOUS | »,
4 . Q 4 Q :
§ ® § & |®
€ s  oa g5 & g w
g E T § % &
H — o
i R 8 |2 £ B¢
g o o 5 3 g 9
a 0 (7 ) 7] o<
2ba White 2hb . |-~ 1%hb l4ge
2gc 1%gc | l4ea
2ea 1%ea :
3ge
3ea
VOLUME

REMARKS: Arez requirement of activity is mission equipment

dependent,

g
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ITI~4.2 AREA: Bnack Bar ;
DESCRIPTION i
ACTIVITY: Moderate ;
MOOD: Restful
SOCIAL FACTOR: Public
LIGHTING
Light Source:
Incandescent- |Light Level, Foot Candles| REMARKS: Lighting should be festive
Halogen Cycle Maximum|Desirable| Minimum| and engaging. Color should be
Fluorescent flattering and relaxing. Higher
. 30 10-30 10 levels for maintenance and move-
Item Surface Reflectance, 7% ment of people,
Maximum| Desirable| Minimum
Celllng 30 60-90 60 ;
Walls 60 35-60 35 !
Floors 35 15-35 15 ' |
Furniture 45 15-45 15 , |
Draperies 60 15-60 15 ' !
|
ACOUSTICS \
) ERRENEIEERAI REMARKS: High-pitched noise sources
K Rk s i must be particularly avoided to ’
e e LT L preclude crew amnoyance. Unloca-
O TR L AT Lo lized noise sources are more annoying
g T RS than noise sources that can be loca-
-y R e a s et et R 1ized. From standpoint of noise con-
5 |BzRA L AH BRI trol, ideal wall, ceiling, and
R 5 ;] BRI ik ! floor should be wassive, and po-
BRI ER ST R S R ERCIR1N L rous. SIL levels below 60 db
AR ol “sdol"“3do ;g‘fif;:’?ﬁ: oo should be maintained.
FREQUENCY, Hz
TEMPERATURE.
. Comfort Zomnes .
90 _ Legend:
g‘ [ — ~r 5 PSIA ‘
—_—— ——— 10 PSIA =~ = o o : ;
o 80 e S ——m—— 147 PSTA e e e
5 T T 1
20 B — \\\\ Air Flow Rate: 70 fpm ;
g \:\ —_— _::-.N | Mitabolic Rata; 5001BTU/hr
< ~—|~—__—"= Clo Factor: ,75 to 1.0 }
; 60— \\\ _: Occupancy Time/Day: 1 Hour l
2 |
t‘ +
& 5037 Ay 50 60 70

Relative Humidity, %

12 i s a1 A 2 2 S A AT S U T S A T A e R A T KT B 3TN £ 2
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EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC h 5
ere is an acceptable colior
: ANALOGOUS P> scheme for the defined mood
“ 8 g 8 8 and activity level of this |
o = e - = & area; however it should not '
e -é o E ! g2 be construed as the sole
& 5 K R 5 - solution. The Ostwald Color
E 5 ] 4 2 E‘g System is employed as a base~
a & ) @ (7 o< line reference only,
4eca ige 4pe 3gc  3pc lbic
4pa 3ni 3pa l41g
: épc ;
6pa i
i
VOLUME b

REMARK: Not independentiarea. Utilizea dining facilities, food

and beverage dispensers and dining tables during non meal hours.

~
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Bathroom

III~4.3 AREA :
) DESCRIPTION
ACTIVITY: Low
MOOD: Restful
SOCIAL FACTOR: Private*
LIGHTING 5

Light Source:

Incandescent - Light Level, Foot Candles| REMARKS: Definite use of deluxe
Halogen Cycle,Maximum| Desirable| Minimum| colors for flattering appraisal
Fluorescent - of complexion and skin tones.
30 10-30 5 Light specifically over lavatory
Item Surface Reflectance, % area to provide adequate 1llum-
) Maximum| Desirable[Minimum] nation for cleaning and shaving
Celling 90 60-90 60 functions. Care should be taken
Walls 70 40-70 35 to insure light reaching under-
Floors 40 20-40 20 side of chin. Lower lighting
Furniture 99 60-390 60 levels sufficient in other
bathroom areas.
ACOUSTICS
‘3_!“ ( | " REMARKS: Annoying nolse sources
- il . (intermittent, high-pitched,
£ i unlocalized) wust be avoided.
X b
T a |
! 8k |
qn;;! '. é ‘- . L
025‘ P 'suxool B :45 gljéégﬂf‘?ﬁg&gl‘é(ﬂg ﬂ;)ooo ¥
a 6 12 rggqumcv. I
TEMPERATURE \
. f 1
. Comfort Zones
90— Legend:
o o T — 5 PSIA
3 \\\\\ o — ! 10 PSIA = o —— —
- \ ——
o 80— -~-_~‘_\\\_‘--,_~ 14,7 PSIA — - ——— -
~ T~ —~— 7
\ —
§ J — .-\:-\;\\\‘ \ '
H I —— A == | Alr Flow Rate: 40 to 80 fpm
o 70 =]
& ““---._~_____-_ Metabolic Rate: 500 BTU/hr
o . Clo Factor: O to 1.0
o Occupancy Time/Day: .5 Hour
S 60
g
m
>
B [~
= 5035 40 50 60 70

Relative Humidity, %

*Private without compromise

R _\_,ﬁ st A R

o o
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EXAMPLE ' COLOR SCHEME

The example shown

REMARKS:
MONOCHROMATIC : . here is an acceptable color
ANALOGOUS | o scheme for the defined mood
4 g e 3 s and activity level of this
U ! 8 g ] s area; however it should not
> 'g s g = g2 be construed as the .sole
5 5 o ) 5 i~ solution, The Ostwald Color
E S 8. 4 ] E 9 System is employed as a base-
R w « w 12 O« line reference only.
3ba Bdc ‘5ec 5pe bec 13 %1a Warm hues used enhance skin’
5gc 6gc 14 pc  tones to generste feelings of
bec health and well-being,
bge '
VOLUME
REMARKS: The following recommendations are to be used for general

guidance only; unless otherwise noted,
to an artificial gravity environment,
developed from size and clearance figures presented in Section II-E
and fixture requirement recommendations presented in section II-G,

Ce111ng Height= 6'6",

— 36”
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the area recommendations pertain
The example layouts shown were
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Dry Bulb Temperature, °F
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"3.37

AREA:
DESCRIPTION
ACTIVITY:
MOO0D:

- SOCIAL FACTOR:

Digpensary

Low
Restful
Publiec

LIGHTING

Light Source:

REMARKS: Atmosphere should be

Relative Humidity, %

Incandescent -[1{ght Level, Foot Candles
Halogen Cycle [MaximumlDesirable| Minimum| clean and sterile. Localized
Fluorescent examination lights should be
100 50-100 | 30 color-corrected and provide
Item Surface Reflectance, % proper amounts of light on
Max{mum| Desirable| Minimum| specific areas being studied.
CeIling 90 70-90 60 Provisions should be made for
Walls 80 50~70 50 providing 500-100 £¢ for short
Floorse 40 - 20-40 15 "duration operations and other
Furniture 85 45-80 35 emergency practices. Deluxe
color general lighting essen
tialc )
ACOUSTICS
:AHE il BIREE Ll REMARKRS: SIL levels should be
JURIHIEE R i maintained below 50 db. Annoy-
2 LYY T HEERHEIE ing noise sources (intermittent,
£ 1T RiBEHANEL bigh-pitched, unlocalized) should
g r 3 T ?;-‘l; T be especially avoided.
1 > I !‘ : ;-
4§, [ N TR ]
o I Tl 20
oL ER iR
2025 I 4650 ‘KJZ 163 313 " 532 o 12?20 2;?20 50230 1G0n0
.‘—ll 63 128 r:z:“mgy(') "z!01 0 2000 4000 8000
TEMPERATURE
Comfort Zones
90 Legend:
: 5 PSIA ——mmm—
i 10 PSIA—— — — —
80:\ ——— 14,7 PSIA — - ~—-
T~ —4 Air Flow Rate: 60 fpi
70 pey _ o3ul
— T — — | —-‘h§~“ﬂ““-~__,‘~ Metabolic Rate: 600 BTU/hr
-1 .Clo Factor: O to 1.0
60[‘—_-~“--‘"““ "= —__ 1 Occupancy Time/Day: 2 Hours
R ————— .
\
5035 %0 50 60 70
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8

EXAMPLE COLOR SCHEME

REMARKS: The example shown

" . here is an acceptable color

scheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole
solution, The Ostwald Coler
System is employed as a base=
line reference only,

Colors are those generaily
accepted in hospitals which
tend to sublimate feelings
of depression,

MONOCHROMATIC
ANALOGOUS | o
4 Q e @ ‘RU
§ § 9 &
‘é a5 & £ & g n
£ § 3T E T -
f T & 2 £ B
A - s @ & & 3 <
Iba lge 1lc 2gc - 21c 15na
1llg 24gc 21g
24]c -
241g
VOLUME

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain

records, file or office,.

, to an artificial gravity environment, For missions which require a
dispensary, direct access should be provided to a bath room and medical
To make maximum utilization of the area it may

be possible to have its function as a barber shop since the physical
lgyout and wet-space requirements are similar and the frequency of usage
for both would probably be low,

Ceiling height is 6'-6",

Gross Area= 85,5 sq. ft, t
9'.6" - :
18” 36" IO 30" 30“__’____
u o !
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III-4,5

' 3.39

AREA:
DESCRIPTION
ACTIVITY:
MOOD :

SOCIAL FACTOR:

Laundry

Moderate to High
Physical Activity '
Public v

LIGHTING

Light Source:

- Incandescent. Light Level, Foot Candles| REMARKS: General lighting should
Halogen Cycle {Maximum| Desirable| Minimum| be uniform and adequate for the
Fluorescent, tasks. Inspection or mending
Mercury Vapor| 30 20-30 | 15 area should be provided with
Item Surface Reflectance, % higher level for work performance.

' Maximum| Desirablej Minimum
Celling 90 60~90 60 .
Walls 70- 40~65 35 |

. Floors 35 15-35 15 '
Furniture 90 60-80 50
ACOUSTICS

ronr T T T T I
o {ermoeneen LU UL REMARKS: Nome
RN = AR FIA
f. iem a0 LU e
8 w H i evepmsen . | DL
£ eof o A
:uvi K 0l L
5.1 = 1SR .
- 3 IS LT T
or! . . : ."] : ! :" L ; ! '
5025 I 405‘0 IEOILO‘ 16300'312 0 53330 1z§g0 2%‘1’.9)8‘0 230 :'000
31 63 125 r:;?umé?l') B:mc 2 L} 6007
TEMPERATURE
Comfort Zones
90 Legend: }
——— 5 PSIA '
— T 10 PSIA —— — — —
80 o T Sy 14,7 PSTA — - —— -
70 — " Air Flow Rate: 80 fpm i
~._.~_______~_~‘~“—~---_:ﬁ;:-~\~‘§”‘ Metabolic Rate: 1000 BTU/hr l
—— | T3 clo Factor: .75 to 1,0 :
60 : Occupancy Time/Day: .5 Hour |
3035 40 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

REMARKS: The example shown here

is an acceptable color scheme for
this activity mood; however it
should not be construed as the sole
solution, The Ostwald Color System
is employed as a baseline reference
only.

Adquate lighting is provided for
sight tasks, Basic cool hues are
conducive to feelings of spacious~
ness, responsibility, and tend to
1l6ic " make time pass more rapidly., Low
léie color intensity and value contrasts
serve to compliment attentiveness,

MONOCHROMATIC

:
:

§ Dominant

Ho

a

[¢]

% Subdominant

[N

[¢]
Subordinate
Subdominant
Subordinate

6o Accents

i
n

,—l

(2]

'

$

-t

~

H

®
>y Complementary

[
w
H
o]
et
S
e
(]
N
H
0

VOLUME

REMARKS: Area requirement of activity is mission equipment

dependent, i
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ITI~4,6 AREA: Barber Shop
- DESCRIPTION
ACTIVITY: Moderate to Low.
MOOD: Restful '
SOCIAL FACTOR: Public

" LIGHTING

Light Source: . ’

Fluorescent~ Light Level, Foot Candles| REMARKS: Deluxe color lamps
Deluxe Colors Maximum|Desirable] Minimum| over barber chair positioned
for adequate observation and

30 20-30 15 work.
Item Surface Reflectance, %
Maximum| Desirable| Minimum
Celling 90 /U=30 6U
Walls 80 50-70 50
Floors 40 '20~-40 15
Furniture 80 30-60 30

ACOUSTICS

" IEERIRNIRSa R REMARKS: High-pitched noise
. IS el _ sources must be particularly

s I e avoided to preclude crew annoy-

T T L ance. Unlocalized noise sources

g* | 1 iﬁ?TT§’,?’I are more annoying than noise

g0kt At 1 sources that can be localized,

§ Ll L LR L From standpoint of nolse con-

3 sl :f‘ﬁ- : ‘ff?'fi i ' trol, ideal wall, ceiling, and
whl LG e LA L floor should be massive and
AR R R 5 S porous. SIL levels below 60 db

o FREQUENCY, e should be waintained.
TEMPERATURE ‘
Comfort Zones |
- 90 ] Legend:
e 5 PSIA
o : 10 PSIA —— — — —
JQ.&O\\‘ —— 14.7 PSIA — = — -
e —— —d ‘\ _ .
I et R
H e B Air Flow Rate: 60 fpm
é 70:::::‘~~5.___“ T Metabolic Rate: 608 BTU/hr
g2 . — "--~::;::;:::::T Clo Factor: .75 to 1.0
! \ T e— y .
2 60 -_____;_“-~‘-~*::.___:~_ Occupancy Time/Day: .5 Hour
Cg i \r
o
A 5035 %0 50 60 70

‘Relative Humidity, %

oA e TP A SRR T

A e ad s T TR W P AL R SR AT
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EXAMPLE COLOR SCHEME

MONOCHROMATIC : - REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole
solution, The Ostwald Color
System is employed as a base~ |
line reference only. Colors
15na selected atre based on those
generally accepted in hospit~
241c als since this ares might serve
241g ©  @s & dispensary,

:
o
:

Subdominant
Subordinate
Subdominant
Subordinate
omplementary
ccents

= Dominant
C
A

ba

N
=
0

' 2gc
24gc

et
09
0

=
=
0 0
n
[
on

VOLUME

Eo R re X R o R in) L. Eatt o va— - Ao~
REMARKS: The following recommendaticns are te be used for general

,,,,,, gener
guidance only; unless otherwise noted, the area recommendations pertain

to an artificiel gravity enviromment., To make maximum utilization of

the area it may be possible to have it fucnction as & dispensary since

the physical layout and net space requirements are similar and the
frequency of usage of both would probably be low. Gross Area = 85,5 sq, ft.
Ceiling heiglit is 6'6",

- 9I'~6lt -
ql. . - 3" — o]
F:184f 56"*——*r“"30 ””T‘ 30

| T
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I |
1 i
! ,

- ;

\ !
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III-5.1 é AREA:Equipment -~
: DESCRIPTION
ACTIVITY :Moderate
MOOD :Physical Activity
SOCIAL FACTOR:Public

LIGHTING

Light Source:

Incandescent- |Light Level, Foot Candles| REMARKS:General, low maintenance
Halogen Cycle, [Maximum| Desirable| Minimum|1ighting equipment should be pro-
Fluorescent, . . ] vided. For emergency purposes
Mercury Vapor | 20 10-20 110 lighting should have a secondary
Item Surface Reflectance, % backup power source. Discharge
Maximum| Desirable|Minimum| types of sources may create stro-
Ceiling 90 60-90 160 boscopic effects in rotating equip-
Walls 60 40-60 40 ment which might be dangerous.
Floors 40 20-40 15 Instrument panels should be self-
Machines 45 25«45 20 lighted or designed to minimize
Control Panel | 40 20-40 20 reflections in the panels from
Instruments 45 25-45 20 the overhead lighting., Equipment.
‘colors should be coded to reflect

their use or danger.

ACOUSTICS
T T MARKS :None - |
IR =g R L REMARKS thone ~ %
g o - NHEEEIEy
.3 . b b . PLEYEIRED 1
5T : ;
£ JH L
N CANE f A N
g “E . NEEEHEHE
- !,xi] B . " !
L IIRERIRIIIE D
R R e R R A
3l 63 125 r:gumgg? ":000 2000 4000 8000
TEMPERATURE
Conmfort Zones
90 Legend:
: 5 PSIA
:\\\: 10 PSTA —— — — —
80 = =T 14.7 PSIA — - ——-
—f——t——1-—
= T
70‘“--::-::;::;:_~_‘ | ———— | Air Flow Rate: 80 fpm ‘
— | “~::L::;:7-“___“__ Metabolic Rate: 800 to 1600 BTU/hr
— | " TTT— -—=_"] Clo Factor: .8 to 1.0
60. I— —_— Occupancy Time/Day: 2 Hours
5035 %0 50 60 70

Relative Humidlity, %
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EXAMPLE COLOR SCHEME

‘

§ Dominant
[ :
rt

o

MONOCHROMATIC |

5 Subdominant
g
g :

Subordinate

:
%

Subdcminant

" {19ba

l4ca

omplementary

Subordinate
ccents

O«

REMARKS: The example shown

" here is an acceptable color
" scheme for the defined mood

‘and activity level of this

area; however it should not

be construed as the sole
solution, The Ostwald Color
System is employed as a base-
line reference only, Adequate
lighting is provided for sight
tasks, Basic cool hues are
conducive to feelings of
spaciousness, responsibility,
and tend to make time pass
more rapidly., Low color inten-
sity and value contrasts serve
to compliment attentiveness.

VOLUME

., REMARKS:

’ dependent.

Area requirement

of sctivity 1s mission equipment

\

P



I11~5.2 AREA: Maintenance
’ DESCRIPTION
ACTIVITY: Moderate
i MOOD: Physical Activity
SOCIAL FACTOR: Public

LIGHTING

~

_,ff-Light Source:

T Incandescent- [Light Level, Foot Candles| REMARKS: Localized higher light-
" Halogen Cycle {Max{mum|Desirable| Minimum| ing levels are necessary over
Fluorescent, machining operations and areas
Mercury Vapor| 100 50~100 30 of fine detall work. Care should
Item Surface Reflectance, % be given to reflect glare present
Maximum] Desirable|Minimum| in attempting to read specular
Celling ' 90 40-90 40 metal machine tools.
Walls 60 40-60 40
Floors 40 20-40 15 '
" Machines 45 2545 20 f
.Control Panel| 40 20~40 20
Instruments 45 2545 20
ACOUSTICS )
) [ : '.“wlric?hclri(!ﬂ!x’u!ulmitn i i REMARKS: None
g IRLEI R -

s et
i 1 4
i 4 ' -] B
Py e |

1

!

T
REFERRED

T
Sy

o
K-

1/3 OCTAVE BAND SPL, dh
L.
S

-
-

]
|
|
o
e th |

1 S i

' S ih Hah

i, A THEES IR
140 160[ 215} fe3e| 1250 {2500 'souo {10060

2s] 50 1 200} 400 eoul 1609 3150 edog

an €3 125 250 500 1000 2000 4000 8090

FREQUENCY, M=
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TEMPERATURE
Confort Zones ‘
90 Legend:
LD 3 T N —— |
& [T - 10 PSIA —— — — — S
r 80 S— == 14,7 PSIA —~ ~ —rnu-
(] Se—— \ '
b \ — 4 -~
H 70"**-.:f':-—h; — , Air Flow Rate: 80 fpm !
3 ~‘---‘-..__~_~.._7:;::;:: 4o Metabolic Rate: 800 to 1600 ?TU/hr
8 ——— T ———=7 Clo Factor: .8 to 1.0 I
] '‘Occupancy Time/Day: 2.5 Hours
ﬁ 60 ‘N\‘_ i
2 |
/M f
Qf;. 1
e 5035 %0 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

MONOCHROMATIC

:
:

Subdominant
Subordinate
Subdominant
Subordinate

§ Dominant
e
rt
o

19ea
19gc
l4ea
14gc

|
¥
o
[
=t
L
1]
Y]

19ba

15gc " |14ca

ot
wn
o

ihga

omplementary
ccents

T
oo A

3fe

REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this
area; however it should not

be construed as the sole
solution. The Ostwald Color
System is employed as a base=-
line reference . only, Adequate
lighting is provided for sight
tasks, Baslc cool hues are
conducive to feelings of
spaciousness, regponsibility,
and tend to make time pass
more rapidly. Low color inten-
gity and value contrasts serve
to compiiment attentiveness.

VOLUME . 2

REMARKS :
dependent.,

Area requirement of activity ls mission equipment




II1~5.3 AREA: Power
DESCRIPTION
ACTIVITY: Moderate
MOOD: Physical Activity
s SOCIAL FACTOR: Public
LIGHTING
Light Source: v
Incandescent- [Light Level, Foot Candles| REMARKS: General, low maintenance
Halogen Cycle [Maximum| Desirable| Minimum| lighting equipment should be pro-
Fluorescent, : vided. For emergency purposes
Mercury Vapor| 20 10-20 10 lighting should have a secondary
Item Surface Reflectance, % backup power source. Discharge
Max imum| Desirable| Minlmum| types of sources may create stro-
CeTling 90 60-90 60 boscopic effects In rotating
Walls 60 40-60 40 - equipment which might be dan-
Floors 40 15~35 15 gerous. Instrument panels should
Machines 45 25=45 20 be self-lighted or designed to
Control Panel| 40 -+ 20-40 20 minimize reflections in the panels
Instruments 45 25-45 20 from the overhead lighting.
Equipment colors should be coded
to reflect their use or danger.
ACOUSTICS
WP T T T T T !
’;.J{ i mn%%nxm!waQL&:m%. l; : I ! REMARKS: None
i i 4 ] voom '&”z:_::;;m'mnm i1 i -
P = LT r T RS
; 70*’ N \ ru'nuzn i " :
¥ | L
a7 o IUENEIRE
£ . - =t
i HEL Y ‘
s I T
“HT IREHERI \
PR T T ] ol P T
31 63 125 r:gumlgv? “;01 (1] 2000 4 . ‘
TEMPERATURE ¢
Comfort Zones
90 ' Legend:
B 5 PSIA
L e 10 PSIA —— — — —
o 80 —= = ———— ] 14,7 PSTA — - — -
g \ — P — — — .
\ \\_‘\ ———] *
o ~—
"I —_ o I
H —— — | Air Flow Rate: 80 fpm
o 70 = pm
5 ~ —— | Metabolic Rate: 800 to 1500 BTU/hr
Ll T ™ RSy
K --~_-‘_~§~‘;‘\‘~ ———1 Clo Factor: .8 to 1.0
: Time/Day: -
2 60 — Occupancy Time/Day: 1 Hour
&
A
;4'
~ 5033 %0 50 60 70

Relative Humidity, %

o b o N o
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-~

- /—.

" EXAMPLE COLOR SCHEME

REMARKS: The example shown

MONOCHROMATIC
here is an acceptable color
ANALOGOUS oy schene for the defined mood
g é E § g ::d ?ctivity level of this
o p a8 g s e ea; however it should not
g "é‘ s "é‘ o g2 be construed &s the sole {
& o 8 - 5 R solution, The Ostwald Color -
B S -5 g 5 B9 System is employed as a base=-
| w @ .z » O« line reference only. Adequate
White 15ba 15ea - | 19ba 19ea |3ge lighting is provided for sight
l4ge l4ca 19gc |3ec tasks, Basic cool hues are
15ga  lbea | 3fe conducive to feelings of
l4ge spaciousness, responsibility,
1bpg | andltend to make iime pass
, more rapidiy. Low color inten~
sity and value contrasts serve
to compliment sttentiveness.
VOLUME

REMARKS: Area requirement of activity is mission equipment B

dependent,

L
[, N

i
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I1I=5.4 AREA: Storage, Food
: DESCRIPTION
ACTIVITY: Moderate
MOOD: Physical Activity
SOCIAL FACTOR: Public
o~ »
LIGHTING

Dry Bulb Temperature, OF

Light Source:

Relative Humidity, %

Incandescent -[Light Level, Foot Candles| REMARKS: Lighting ghould be ade-
Halogen Cycle (Maximum|Desirable| Minimum| quate for proper identification
: . T of products, Shelves should be®
10 5-10 5 ghallow for ease of seelng pro-
Item Surface Reflectance, % ducts located on rear of shelf.
Vaximum] Desirable|Minimum| Lighting should be utilitarian
Ceiling 90 60-90 60 in nature.
Walls 60 35-60 35
Floors 35 - 15-35 15
ACOUSTICS
RIIHIE A REWARRS : Nome
e e T T ~
<" =1 I O = g ¥
NIl ITRIEIHRH
;, i HliRINEHEE U
s il ! .
S e L
- V_ BRI v
2025 I ‘050 l BUA )J l62)@ :“: 0 ;33 ig( lzngg:%?ggo:ozggé :0000 }
31 63 125 F:“?UHOS‘Y,&.I 0o
TEMPERATURE ’;
Comfort Zones :
90 . Legend:
—— T 10 PSIA —— — — —
80— —— —— 14,7 PSIA — - ——-
— ) \\:\ — :. - ' ' ' \
B e .. Air Flow Rate: 80 fpm
i — | ——=_——-| Metabolic Rate: 750 BTU/hr
: T —— ‘Clo Factor: .8 to 1.0
66 : | Occupancy Time/Day: .5 Hour
5035 %0 50 60 70

e R I e S L S
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EXAMPLE COLOR SCHEME

MONOCHROMATIC
| ANALOGOUS

o © . o
§ & § =
g £ 5 |5 £
= E % g T
] "] o g o
E 2 5 |3 3
White 3¢k -- -- -

3dc

Complementary

Accents

REMARKS: The example shown
here is an acceptable color
gcheme for the defined mood
and activity level of this
area; however it should not
be construed as the sole

" golution. The Ostwald Color

Systen is employed as & base-
line reference only. Adequate
light is provided

Neutral colors are recommended
for storage areas,

VOLUME

REMARKS: Physical description of activity is mission dependent,




Dry Bulb Temperature, OF

3-51
I1IT-5.5 ' AREA: Supply
DESCRIPTION
ACTIVITY: Moderate
‘ MOOD: Physical Activity
SOCTAL FACTOR: Public
LIGHTING

Light Source:

Incandescent- |Light Level, Foot Candles| REMARKS: Lighting should be ade-
Halogen Cycle {Maximum| Desirable|Minimum| quate to provide illumination of
Fluecrescent, storage and dispensing areas to
Mercury Vapor 20 15-20 5 insure proper product identifi-
Item Surface Reflectance; % cation. If color identification
Maximum| Desirable{Minimum| is important, color of sources
Celling 90 60-90 60 should have high color rendering
- Walls 70 40-60 40 index.,
Floors 40 20-40 15
ACOUSTICS
IR AN S i|!x
; | T’-"“‘m"‘“ - i ' REMARRS: None
; ”-u?ﬁ; T i i
SR TINNNEER AL
B ' sk
e FECYERRED : i1
2 i RERIRIE
§ ' CEL L '
g® SR BN
K ERiiR I A
2025 i ‘050 [Bul DO! lﬁg )0’312 00 5321.; lzfgm 2;’;2‘0)00 Eggﬁ:)zm
. le 65 125 'iguné}x’) ”:0(10 2000 4
TEMPERATURE
Comfort Zones
90 Legend:
i 5 PSIA
10 PSIA = — = o— —
g0 F— e 14.7 PSIA ~ - ——
\~‘—~. 7 \qs
-—-__~__;::“"'—--_______ A
\ Tt ———
: . =~ Air Flow Rate: 70 f
70 = — pm
. ‘:;j::-_.__ _ ~M“““"--'Metabolic Rate: 1000 BTU/hr
— | T — Clo Factor: .8 to 1.0
60 T ::::::::;-T"“~- Occupancy Time/Day: 1 Hour
—
5035 50 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

MONOCHROMATIC

ANALOGOUS | »
o v o oW q
Es | % |
E P % |EF 2 |f:
£ EE O|E % 3%
g 55 e 3 g8
[ L2 1721 [72] wn O«
White 15ba 15ea 19ba 19%ea |3ge
15gc 1l4ca 19gc |3ec
15ga l4ea |3fe

1l4gc

1422

REMARKS: The example shown
here.is an acceptable color

‘gcheme for the defined mood

and activity level of this
area; however it should not

be coustrued as the sole
solution. The Ostwald Color
System is employed as a base=
line reference only. Adequate
lighting is provided for sight
tasks, Basic cool hues are
conducive to feelings of
spaciousness, responsibility,
and tend to mske time pass
more rapidly. Low celor inten~
sity and value contrasts serve

to compliment attentiveness,

VOLUME

REMARKS @
dependent,

Aree requirement of activity is mission equipment

R
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Dry Bulb Temperature, OF
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Control Room

Relative Humidity, %

III-5.6 AREA:

DESCRIPTIGCN

, ACTIVITY: Moderate to Low
MOOD: Mental Concentration
SOCIAL FACTOR: Public ’
LIGHTING
,/.“‘

Light Source:

. Fluorescent- |Light Level, Foot Candles| REMARKS: Lighting should be
Deluxe Colors/Maximum|Desirable|Minimum| efficient and functional with
Metal Halide ' emphasis over specific working

0-70 20 :

. 70 30-7 _ areas., BHigher levels.should be
Item Surface Reflectance, % provided over areas where speci-
_ Maximum| Desirable[Minimum| fic detailed work is being per-
Ceiling 90 60-90 60 formed, e.g., navigational,
Walls 60 40-60 40 chart reading, etc. Colors
Floors 35 15=~35 15 should be cool but stimulating.
Machines 45 25~45 20 '

" Control Panel| 40 20-40 20 -
Instruments 45 25-45 20
ACOUSTICS

100 T .
: REMARKS: Annoying noise sources
4&'-'L I i | (intermittent, high-pitched,
E - ; E i unlocalized) must be avoided to
. ' | i | preclude interference with men-
2 Nl A tal tasks, SIL levels below 60
g >t TR db must be maintained to promote
e T N RRH ot : close face~-to-face communication.
N A1 il I
ﬂ;i. - i i From standpoint of noise control,
’n;:) I‘O LG .:-ISO 31; 613(.) 1250. 2 5000 lxocon 1deal Wall, ceiling, and floor
"l QllﬁLzeo‘gunmm“géf&nmﬁw should be massive with rough
. FRRURCY, Pnrnxlg__sur{-'m_ .
TEMPERATURE
Comfort Zones

90 Legend: ‘

5 PSIA ;
—_ . —

80_.____~;~;-__~‘§_~_-§ . ,

70k -‘_-‘"“*-~5___;_ = — air Flow Rate: 60 fpm ,
==—— —————| Metabolic Rate: 750 BTU/hr |

—— . T — 4 . Clo Factor: .8 to 1.0 %
60-.~‘_~._~‘--‘ﬁ‘\~‘\--‘--*_-_\“‘“;_‘“,Occupancy Time/Day: 8 Hours,
— | . |

\

5035 %0 50 60 70

VT I PTG -

EEERRT B e ko A e o e o e

e
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/ .
EXAMPLE COLOR SCHEME
HOROCHROMATIC . - REMARKS: The exsmple shown °
here is an acceptable color
ANALOGCUS n scheme for the defined mood
H 8 o 5 8 and gctivity Jovel of this
o g 8 < u & area; howsver it should not
& "é b *é - g8 be construed as the sole
ks - B - b = B solution, The Ostweld Color
B ] | 8 g2 System is employed as & base=
KR 12 w Lz w O« line reference only, Adzquate
White 15ba 15ea 19ba 19ea | 3ge lighting is provided for sight
. 15gc l4ca 19gc | 3ec tasks. Basic cool hues are
15ga l4ea | 3fe conducive to feelings of
l4ge ‘ spaciousness, responsibility,
1l4ea and tend to make time pass
more rapidly., Low coler inten-
sity and velue contrasts scyve
j‘ ’ to compliment attentiveness.
VOLUME

REMARKS: Area requirement of activity‘is migsion eqﬁipment
dependent.
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III=5,7 AREA: Communications
DESCRIPTION
ACTIVITY: Moderate to Low
MOOD: Mental Concentration ,
SOCIAL FACTOR: Public 4
_LIGHTING
P

4 Light Source: _ . '

* Fluorescent~- |Light Level, Foot Candles| REMARKS: Lighting should be ef=~
Deluxe ColorsMaximum|Desirable|Minimum| ficient and functional with em-
Metal Halide phasis over specific working

70 50-70 20 areas. Higher levels should be
Item Surface Reflectance, % provided over areas where speci-
Maximum|Desirable{Minimum} fic detailed work is being per-
Ceiling 90 60-90 60 formed; e.g., navigational,
Walls 60 40-60 40 chart reading, etc. Colors
Floors 35 15-35 15 should be cool but stimulating.

. Machines 45 25-45 20
Control Panel| 40 20-40 20
Instruments 45 25-45 20
ACOUSTICS

N i i REMARKS: Annoying nolse sources
-k i ! (intermittent, high-pitched,
s HTTNG ! unlocalized) must be avoided to
£ HT AT T preclude interference with mental
e 3P tasks. SIL levels below 60 db
g 4oy - must be maintained to promote
. - Baobt . : ' close face-to~face communication.
S o U BRI From the standpoint of noise
AR EH G HIEEREE ‘ control, ideal wall, ceiling and
’%yfglwuéﬂﬁ;“gf{g:ﬁyﬁ&“?JW”° floor should be massive with
rmusey, o B rough porous surface, :
TEMPERATURE
Comfort Zones
90 Legend: |-
. 5 PSIA ———o i
19) _— N 10 PSTA —— — — — )
o 80— == 14,7 PSTA — = —m - '
E T ——d4==7,, -
B 70— e r Flow Rate: 60 fpm 1
B __-‘:::-~.__~____‘ o ——] gitasolic Rateé 800 BTU/hr }
o T — - ‘Clo Factor: .8 to 1.0 4
; 6ON\§\\N\\\\\" T ;::: Occupancy Time/Day: 8 Hoursj
a ]
A 5035 %0 50 60 70

Relative Humidity, %
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- to compliment attentiveness.

3-56 rg‘
o7 REPRODUCIBLE
S
o
EXAMPLE COLOR SCHEME
MONOCHROMATIC " REMARKS: The example shown
‘here is an acceptable color
ANALOGOUS o scheme for the defined mood
g 3 t b i and activity level of this
" g E g g g area; however it should not
g E 5 "g b g2 be construed as the sole .
, £ - 8 = 8 'ag solution, The Ostwald Color
, g S 3 S 3 g9 System is employed as. a base-
_ @ @« @n ©n O< line reference only. Adequate
White 15ba 15ea - |19ba 19ea | 3ge lighting is provided for sight
15gc |l4ca 19gc | 3ec tasks, Basic cool hues are
15ga ‘l4ea | 3fe conducive to feelings of
l4ge spaciousness, responsibility,
l4ga and tend to make time pass

more rapidly., Low color inten=
sity and value contrasts serve

VOLUME

REMARKS: Area requirement of activity is mission equipment
dependent,




Dry Bulb Temperature, OF

3-57 , —

111-5.8 i AREA: Computer

DESCRIPTION X
j ACTIVITY: Moderate to Low ~

. MOOD: Mental Concentration
SOCIAL FACTOR: Public

LIGHTING

Light Source:

Fluorescent, [Light Level, Foot Candles| REMARKS: Lighting should be ef-
Metal Halide [Maximum|Desirable]Minimum| ficient and functional with
emphasis over specific working
70 50-70 20 areas, Higher levels should be
Item Surface Reflectance, % provided over areas where specific
Maximum| Desirable| Minimum| detailed work is being performed;
Ceiling 90 60=-90 60 e.g., navigational, chart read-
Walls 60 40-60 %0 ~ ing, etc. Colors should be
Floors 35 15-35 15 cool but stimulating.
Machines 45 25-45 20
Control Panel| 40 20-40 20
ACOUSTICS A | |
ST e e T REMARKS: None j
semswe A MR R IH QI T HALH ' | :
e TN i i
NI YN »
AR et BT
S 3 e l ' ' :
& S el i
R IRNERE RN I NE R .
L e
e N M e N M N R
3t 63 122 [;‘;gu}mgz‘: lhlD 0 2000 40
TEMPERATURE ‘ K
Conmfort Zones ’
90 Legend:
. 5 PSIA
S . 10 PSTIA — — — — —
\ \‘\\\\
\ —— —) , .
70 — e —— Alr Flow Rate: 60 fpm
—— T~ —— —————__| Metabolic Rate: 700 BTU/hr
T — Clo Factor: .8 to 1.0
6O~h‘““““--.._‘ -N~“*‘*-~::;“‘ Occupancy Time/Day: 8 Hours
S —
\\
5035 4C 50 60 70

Relative Humidity, %

i o, S ATV TR T
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EXAMPLE COLOR SCHEME

MONOCHROMATIC REMARKS: The example shown
here is an acceptable color
ANALOGOUS | o " scheme for the defined mood
T 3 ¥ s = and activity level of this
" 2 -] g g g area; however it should not
g "é‘ b = = gw be construed as the sole
= < & ,§ 5 - solution. The Ostwald Color
E R 2 g g9 System is employed as a base- |,
A n o« Lz iz O < line reference only. Adequate
White 15ba 15ea. | 19ba 19%ea |3ge lighting is provided for sight
15gc { l4ca 19gc |[3ec tasks. Basic cool hues are
15ga l4ea |3fe conducive to feelings of
l4ge spaciousness, responsibility,
1l4ga and tend to make time pass
more rapidly. Low color inten-
sity and value contrasts serve
to compliment attentiveness,
VOLUME -

REMARKS: Area requirement of activity is mission equipment
dependent. . : .

e
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I11-5.9 AREA: Shop
: - DESCRIPTION
ACTIVITY: Moderate to High /

MOOD: Physical Activity
SOCIAL FACTOR: Public

.~ LIGHTING

Light Source:

Incandescent- |Light Level, Foot Candles REMARKS:VLighting should be ef-
Halogen Cycle /Maximum|Desirable|Minimum| ficlent and functional with em-
Fluorescent, | _ phasis over specific working
Mercury Vapor| 70 | 50-70 20 areas. Higher levels should be
Item Surface Reflectance, % provided over areas where speci-
Maximum|Desirabie|Minimum| fic detailed work is being per=~
Ceiling 90 65-90 60 formed; e.g., navigational,
‘Walls 60 40~60 40 chart reading, etc, Colors
Floors 50 20~50 20 should be cool but stimulating .
Machines 45 25-45 20
Control Panel| 40 20-40 . 20
ACCUSTICS
w I PTLW ;,m N EHT I REMARKS: None
g;vﬁ;mwmﬂM?v¢ﬁ 0 .
g B¢ i ’ i ; +
{ e u ' L
i Termr
5 Hal 1k 3Hl
. 2025] 4“50 lﬁU]wl Mg 0 :”3 (') ISJ: 0 12.;73(, 2;‘]‘;0 5\133}0‘!\'000 '
) . 31 63 125 p:m?u;_\;éy‘: H:G 0 2000 4000 Bovy A
TEMPERATURE
Comfort Zones 2
90 Legend:
- [ 5 PSIA ]
o —— 1= 10 PSTIA —— = — — }
S 80 ——= — — 14.7 PSTA— -
@’ P ——— _\\\ — \ : R
%70 Tr— S — Air Flow Rate: 80 fpm 3
g | T — 4—="— Metabolic Rate: 1250 BTU/hr:
H [ ——] i
2 | Clo Factor: .8 to 1.0 t
2 60 — Occupancy Time/Day: 6 Hours
= .
48]
>
S
2 5045 %0 50 60 70

Relative flumidity, % A
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EXAMPLE COLOR SCHEME

MONOCHROMATIC REMARKS: The example shown
here is an acceptable color
ANALOGOUS | > scheme for the defined mood
- s - bt = and activity level of this
“ g g p g g area; however it should not
E "é‘ o "é ! ga be construed as the sgole
5 s B k) e =8 solution, The Ostwald Color
g R | 4 g ¢ System is employed as a base~
A w o |« w O < line reference only. Adequate
white 15ba 15ea . | 19ba 3ge lighting is provided for sight
15gc' | 19gec - 3ec tasks, Basic cool hues are
15ga lbhea 3fe conducive to feelings of
l4ge ‘ _ spacliousness, responsibility,
14eoa and tend to make time pass

more ranidly, Low color intene
sity and value contraste serve
to compliment attentiveness.

VOLUME

~

REMARKS: Area requirement of ectivity is mission equipment
dependent, '
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I11-5.10 AREA: Offices
. DESCRIPTION
ACTIVITY: Moderate
‘ MOOD: Mental Concentration
. SOCIAL FACTOR: Public
L
LIGHTING

Fluorescent, [Light Level, Foot Candles| REMARKS: Lighting should be ef=-
Metal Halide {Maximum|Desirable|Minimum| ficient and functional with
' - emphasis over specific working
70 50-70 | 20 areas. Higher levels should be
Item Surface Reflectance, % provided over areas where speci-
| Maximum| Desirable| Minimm| fic detailed work is being per-
Cellling 30 60-90 60 formed; e,g., navigational,
Walls 60 40-60 40 chart reading, etc., Colors
Floors 35 15-35 15 ‘should be cool but stimulating.
Furniture 45 20-45 20
Machines 45 25-45 20
ACOUSTICS
11 if!} BEIHEE ? REMARRS: Annoying noise sources
TR T (intermittent, high-pitched,
8 TRLS IHE | unlocalized) must be avoided to
é T NG T T : ; preclude interference with men-
zer R AR ~Eafi) tal tasks. SIL levels below 60
£ wof =R AT db must be maintained to promote
S ot AR ECH R R e AR T cloge face-to-face communication.:
8 AR RN N IR NS Ba } From standpoint of noise control,
o e A e ' ideal wall, ceiling, and floor .
2%ﬁ“w£“%uﬂei?gfiaf?gﬁﬁ&fﬁﬁ?“ I should be massive with rough
FREQUENCY, Hs porous surface.
TEMPERATURE !
- Comfort Zones
90 Legend:
TN 5 PSIA
o - 10 PSIA —— ~— — —
o 8T e— — 14,7 PSIA — - —-
g “-—--._,_________~_._‘ — — :::t::fl:: !
§ ) o — — -_‘"““~4—-<___‘__ Air Flow Rate: 60 fpm
g | T == Mitabolic Rate: 700 BTU/hr
o — — 4—Z=- Clo Factor: .8 to 1.0
Z i -~__-—‘""“--;__ Occupancy Time/Day: 8 Hours
5 60 E—
@
P
A 3055 4 50 60 70

Light Source:

Relative Humidity, %
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EXAMPLE COLOR SCHEME

e

. REMARKS: The example shown

MONOCHROMATIC
: here 18 an acceptable color
ANALOGOUS | o scheme for the defined mood
- i 4 ot s and activity level of this
“ 8 g g 8 g area; however it should not
g 'é‘ o ot b Bx be construed as the sole
R < 8 ,g K 'ag solution, The Ostwald Color
E g 4 < 4 EY System is employed as a base~
_ w v 2 2 o< line reference only. Adequate
White 15ba 15ea 19ba 19ea (3ge 1ight is provided for sight tasks.
15gc l4ca 19gc [3ec Basic cool hues are conducive to
15ga l4ea |3fe feelings of spaciousness and re-
l4ga sponsibility., Low color intensity
L ) ; amd value contrasts serve to compli-
ment attentiveness,
VOLUHE

REMARKS: The following recommendations are to be used for general
guidance only; unless otherwise noted, the area recommendations pertain
to an artificial gravity environment. Office area requirement must

be determined on an individual basis once the associated equipment

and the task of the occupant(s) are defined, The three example lay-
outs shown represent guideline sizes for a station commander for
missions with the following crew sizes: A=6-30, B=31-60, C=61-100
Ceiling Height-6'-6"

7|“0u .- 71_0" s 8"‘0" - -~

| [©] -
< D - 550 - C:)<:> 6‘;7ﬁ <:> 'C:) )

‘<; ‘i; ; *ﬂ; 9w
" Office A i , -

38 Sq. Ft. Office B - M
. 46 Sq. Ft. ‘ :< \

B . o W

- Office C
72 8q. Ft.




OF

Dry Bulb Temperature,

3-63;

III-5.11 AREA: Laboratories ~
DESCRIPTION
ACTIVITY: Moderate
. MOOD: Mental Concentration
“ SOCIAL FACTOR: Public

LIGHTING

Light Source:

Incandescent-[Light Level, Foot Candles| REMARRS: Lighting similar to of~- *
Halogen Cycle [Maximum|Desirable| Minimum| fice areas, being efficient and
Fluorescent, _ functional with emphasis over
Mercury Vapor| 70 56~70 20 work benches., If color is essen-
Item Surface Reflectance, % tial in making identifications,
Maximum| Desirable| MIinfmum| sources with high color rendering
Celling 90 70-90 65 index are necessary. Adequate
Walls 70 50-70 50 | lighting of exhaust hoods and
Floors 40 20-40 20 climate chambers should be pro-
Furniture "85 45-80 35 vided for proper observation of
Machines 45 25=45 20 experiments.
ACOUSTICS

REMARKS: Annoying noise sources,
(intermittent, high-pitched,
unlocalized) must be avoided to
preclude interference with men~-
tal tasks, SIL levels below 60
db must be maintained to promote
close face~to-face communication,
"From standpoint of noise control,

AU s ARNRE) ideal wall, ceiling, and floor
LN N ETRNECT L e e Sty Tivooo should be massive with rough

T

a6

1/3 OCTAYE BAND SPL
s >

B e oo 5o s Voo porous_surface,
TEMPERATURE ’
Comfort Zones -
90 Legend:
.; 5 PSIA
:‘:\-\\.\ A 10 PSTA —— — — —
80 e N ae———— 14.7 PSTIA — = o
\ \-5 —
\ - .
70 = — - | Ailr Flow Rate: 70 fpum
— = ——:::_f:;j-~-~ Metabolic Rate: 1000 BTU/hr
“*——-~____‘__~__~_ ——4 ~—_-_"—j Clo Factor: .8 to 1.0
60 Occupancy Time/Day: 6 Hours
5°30 50 50 60 70

Relative Humidity, %
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.EXAMPLE COLOR SCHEME

MONOCHROMATIC | REMARKS: The example shown
‘here is an acceptable color
ARALOGOUS o) scheme for the defined mood
e M - y 3 and activity level of this
o g g g g g area; however it should not
- "é‘ s "g‘ = go be construed as the sole
& - 8 - -] a5 solution, The Ostwald Color
g < 4 < 2 E S System is employed as a base=-
A v » « 2] g line reference only. Adequate
 White 15ba 15ea 19ba 19ea’ | 3ge lighting is provided for sight
. 15gc l4eca 19gc | 3ec tasks, Basic cool hues are
15ga l4ea | 3fe conducive to feelings of
l4ge spaciousness, responsibility,
1409 and tend to make time pass

more rapidly. Low color inten-
sity and value contrasts serve
to compliment attentlveness,

VOLUME

i REMARKS: Area requirement of activity is mission equipment
dependent. ’ :

K FE s e St i

g
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I111.5,12 AREA: Docking '
DESCRIPTICN ™~
ACTIVITY: Moderate to High :
. MOOD: Physical Activity
SOCIAL FACTOR: Public

LIGHTING
Light Source: :

. Incandescent - |Light Level, Foot Candles| REMARKS: Lighting should be ade-
Halogen Cycle {Maximum|Desirable[Minimum| quate for general safety, iden-
Fluorescent, tification of products, move-
Mercury Vapor | 30 10-30 10 ment of materials, and storage.
Item Surface Reflectance, % Color coding would be useful in.

. {Maximum|Desirable|Minimum| identifying and handling.
Ceiling 90 60-90 60
Walls 60 40-60 40
Floors 35 15-35 15 !
ACOUSTICS
W T T T I I L T
st ':‘““‘}"’7‘7"‘:‘1,“:"?”,” RHEEE. REMARKS: None
T el LT[ o
i o iRy
oy - 3 ”
g ol : :
Ll N4 '
- HEEE op i ' '
R
Ry o o e N e e
BB ey, w . |
TEMPERATURE ' =
Comfort Zones ‘

90 Legend: |
L 5 PSIA ————r ' |
— T — __ 10 PSIA —— — — —

80 e — 14.7 PSIA — - ——- :
—— | — — ‘ o
::;::;f::-—-‘_; — R , 1

70 . Air Flow Rate: 80 fpm ]
D — =" Metabolic Rate: 800 to 150CBTU/hr

[ ———— | Clo Factor: .8 to 1.0 -

60 : Occupancy Time/Day: 3 Hours{

5055740 50 60 70

Relative Humidity, %
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/I
/
EXAMPLE COLOR SCHEME
MONOCEROMATIC REMARKS: The example shown
' here is an acceptable color
ARALOGOUS o - scheme for the defined mood
g 8 r s and activity level of this
o g £ - ® | area; however it should not
= "é s’ "g* e B2 be construed as the sole
5 5 & - H =& solution. The Ostwald Color
E 5 05 | 5 EY System is employed as a base-
| w @ @ o< line reference only. Adequate
light is provided
White 3cb -~ -- -- - Neutral colors are used in this
: 3dc area because it is an area of
- transition. ‘
VOLUME
REMARKS: Physical description of activity is mission dependent,

e Rt it S LIy
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I11-5.13 AREA: Photographic Support
DESCRIPTION
ACTIVITY: Low
MOOD: Mental Concentration
SOCIAL FACTOR: Public

ad
LIGHTING
Light Source: : :
Incandescent- [Light Level, Foot'Candles| REMARKS: Lighting must be capablel
Halogen Cycle [Maximum|Desirable|Minimum| ©f being reduced below the sensi-i
: . tivity requirements of the films
30 0-30 0 . and other photographic products
Item Surface Reflectance, % being used., Adequate safety
VMaximum]| Desirable| Minimum| 1lights should be provided for
Celling 90 -~ 60~90 60 the dark adapted environment.
Walls 60 40-60 40
Floors 35 15-35 15
Machines 45 25~45 20
ACOUSTICS
“;'; j | REMARKS: Annoying nolee sources
e o ] i (intermittent, high-pitched,
< TR T ; unlocalized) must be avoided to
SN { preclude interference with mental
2oL LN : tasks. SIL levels below 60 db
: : ™ i ' must be maintained to promote
£ INiE ; clogse face~to~face communication. :
S ELHEES L U] ] e : : From standpoint of noise contyol,i
',,i'} il 1 AE;E§w|y i - ideal wall, ceiling, and floor
2 "ml“wJWQJ“fg“ﬁo”ﬁo?ﬁl”ﬁ&””” . should be massive with rough - é
o 3 63 “”26‘ P:gUENEY(: n:t)lo 2000 4000 S()UUl ) Dorous Surface. 3
TEMPERATURE f
Comfort Zones : %
90— ‘ Legend: ‘
‘ ' 5 PSIA ~ |
o T —— 10 PSIA == o— = ;
- P — e— —e o - !
g 80 b .\\\\ T — ~\\.‘ 14.7 PSIA ! —————— i
s \ \‘_ o _ b ‘ ;
- ] 7 .
Hoob——= — Air Flow Rate: 70 fpm
g T T ————— T — | | Metabolic Rate: 700 BTU/hr
B T ]
P “““~~-~~.._____~___“‘_~4 - -~ —_] Clo Factor: .8 to 1.0
2 60 Occupancy Time/Day: &4 Hours .
= O
o
b
>
&
A 5035 40 50 ~ 60 70

o

Relative Humidity, %
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EXAMPLE COLOR SCHEME

TMONOCHROMATIC
ANALOGOUS
o v ") @
I
2 18 & |E &
g g T § T
r : § |2 2
A 3 a 2 &
White 15ba 15ea {19ba 19ea
15gec  |l4ca 19gc
15ga lbea
lbge
l4ga

omplementary
ccentsg

w W
m 69 C
oo A

3fe

REMARKS: The exsmple shown
here is an acceptable color
scheme for the defined mood
and activity level of this
area; however it should not

be construed as the sole
solution. The Ostwald Color
System i3 employed as a base=
line reference only. Adequate
lighting is provided for sight
tasks, Basic cool hues are
conducive to feelings of
spaciousness, responsibility,
and tend to make time pass
more rapidiy., Low color inten=~
sity and value contrasts serve
tc compliment attentiveness,

VOLUME

REMARKS: Area requirement of activity is mission equipment

dependent. ,

S

i
1
!
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4

ZESCRIPTION

AREA:

ACTIVITY:
MOOD :

SOCIAL FACTOR:

Animal Housing

Moderate
Physical Activity
Public

LIGHTING

Light Source:

Incandescent-|Light Level, Foot Candles| REMARKS: Lighting should be suf-~
Halogen Cycle {Maximum|Desirable[Minimum| ficient for general hygiene pur-
Fluorescent, poses., Close inspection of ani-
Mercury Vapor 50 5-50 1 mals could be achieved with lo-
Item "~ |Surface Reflectance, 7% calized lighting, Control of
Maximum[Desirable|Minimum] the lighting levels and spectral
Ceiling 90 60~90 60 composition may be desirable for
Walls - 60 -35-60 ‘35 investigation and/or control of
Floors 35 15-35 15 animal and plant growing cycles.
Machines 45 25-45 20 '
ACOUSTICS i
T BEE | REMARKS: None : !
A 2 . i R [N 4. . . ’
8 “”; ¥ i ; '
5 T - ;
£ ool . :
LR ARY 3 I g ; i
§ st - : : .
g B : ;
L . T i
ol 1N dadi :
o, ‘:’ : . i ' g . -: 4 A
mzs wso “\00! mgun‘ax: 0 ﬂgrlm xzigoéz;?g& Zuggg u:mo
31 63 125 r:;{‘,wgs? H;OH) 2000 4
TEMPERATURE
Comfort Zones
90 Legend:
' : 5 PS1A
—— ] ) 10 PSTA — — —— = —
80— ——e 14,7 PSIA == = e -
\ T — _— \\
‘ “‘---_~_~‘_;- —_— ]
70— o == Air Flow Rate: 70 fpm
~_.__-._.__~_;:::“‘-~~«_ .| Metabolic Rate: 800 BTU/hr
—, | — .
——— | T ——}— -~ Clo Factor: .8 to 1,0
60 —‘~*‘"“‘~--‘__;M Occupancy Time/Day: 3 Hours
2033 40 50 60 70

Relative Humidity, %
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EXAMPLE COLOR SCHEME

MONOCHROMATIC _
ARALGGOUS | »v
[~ '] L D ) :
e |E £ |2
g E 5 1: F |&,
] © o -~
& g M g u - g
i |EE |2 & |§d
g = 2 a =] g 7}
[=] w wn v ! 10«
White 15ba 15ea . {19ba 19%ea |3ge
15gc |l4ca 19gc |3ec
15ga lb4ea |3fe
l4gc
l4ga

REMARKS: The example shown E
here is an acceptable color *
gcheme for the defined mood

and activity level of this

area; however it should not .
be construed as the sole

solution, The Ostwald Color

System ig employed as a base=-

line reference only. Adequate

lighting is provided for sight

tasks, Basic cool hues are

conducive to feelings of

spaciousness, responsibility,

and tend to make time pass

more rapidly. Low color inten-

sity and value contrasts serve
€0 compliment attentiveness,

VOLUME

REMARKS: Area requirement of activity is mission equipment

dependent,

o ST T
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III-5.15 AREA: Agricultural Study Area
DESCRIPTION
ACTIVITY: Moderate
MOOD: Physical Activity
SOCIAL FACTOR: Public

" LIGHTING

Light Source: _

Incandescent~[Light Level, Foot Candles| REMARKS: Lighting should be suf-
Halogen Cycle [Maximum|Desirable| Minimum| ficient for general hygiene pur-
Fluorescent, | i poses. Close inspection of ani-
Mercury Vapor| 50 5-50 1 mals could be achieved with loca-
Item Surface Reflectance, % lized lighting. Control of the
Maximum]| Desirable| Minimum| lighting levels and spectral com-
Celling 90 60-90 60 position may be desirable for in-
Walls 60 35«60 35 vestigation and/or control 'of
Floors 35 15-35 15 animal and plant growing cycles.
" Machines ’ 45 25-45 20

S

REMARKS: None

AN Sy QU Y DR

1/3 OCTAVE BAND S7L, db N
» (-3 3 "

L ',T.-:-Fmﬁm% S ISR 10K
BT [N SEEUE S

N S . . ;
I v lau 160] 1315] [630] {1230 [2500 5000 [1C000
25 50 10 200] 400} BOO| 1600 3150] 630! .
€3 125 250 500 1000 2000 4000 800U
FREQUENCY, Mz

TEMPERATURE : '
Comfort Zones |
90 Legend: ' i
L | 5 PSIA
o Il 10 PSTA —— — — — ,
- b -
h 80 _— = 14,7 PSIA — = ———m - j
é I e ~—
Yoo ——— T——— ! Air Flow Rate: 70 fpm '
& | T 1T——" T — —t— ____| Metabolic Rate: 800 BIU/hry
e T~ — —] Clo Factor: .8 to 1.0 :
5 60 Occupancy Time/Day: 6 Hours
5
m
By
& ,
A 5035~ %0 50 60 70 . -

Relative Humidity, %
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. /I
LE COLOR SCHEME
MONOCHROMATIC REMARKS: The egample shown
here is an acceptable color
ANALOGOUS > scheme for the defined mood
1e 3 - s = - ‘and activity level of this
-] g -4 - e area; however it should not
"é‘ e "é‘ e = be construed as the sole
le 8 ] i 2 solution, The Ostwald Color
3 3 < £ 188 System is employed as a base-
w = “ 0 C«q line reference only. Adequate
15ba 15ea . {19ba 19ea |3ge lighting is provided for sight
15gc |l4ca 19gc |3ec tasks, Basic cool hues are
15ga l4ea |3fe conducive to feelings of ;
lbge spaciousness, responsibility, :
l4ga and tend to make time pass
~ more rapidly. Low color inten- !
sity and value contrasts serve 4
to compliment attentiveness. ' 3
E

KS: Area requirement of activity is mission equipment

dent,

Y

s o o TP 2 g TR
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AREA: Air Locks
DESCRIPTION
ACTIVITY: Moderate to High
MOOD: Physical Activity
P SOCIAL FACTOR: Public
LIGHTING

" Light Source:
Incandescent,
Fluorescent,

Mercury Vapor

Light Level, Foot Candles
Maximum| Desirable| Minimum

10 510 | 1

‘REMARKS: Same considerations as

for hallways. Lighting should
be designed for transition as-

R R e 5

pects of area.

Item Surface Reflectance, %

: Maximum| Desirable| Minimum

Ceiling 90 70-90 70

Walls 70 ' 50-70 50

Floors 40 20-40 20

Control Panel| 40 20-40 20

Instruments 45 25-45 20

ACOQOUSTICS

T T T e st - L1

Do Vacerrname ] Y !
memn i

- N RS -

PREFLKRED,
T

1/3 OCTAVE BAND 8PL, dh
P

90

315] [630] 11250 {esu0 {500 |iCono
o] 400| wooi 1609 31501 630

0 500 1000 2000 4000 8000
TREQUENCY, #

REMARRS: None

TEMPERATURE

Comfort Zones

80

70

5035 %0

Legend:
5 PSIA
10 PSIA —— ~— = —
14,7 PSIA ~ = —— -

L]

Alr Flow Rate: 60 fpm

Metabolic Rate: 850 BTU/hr
Clo Factor: '.8 to 1,0
Occupancy Time/Day: 1 Hour

T e

o
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EXAMPLE COLOR SCHEME

MONOCHROMATIC

%

Subdominant
Subordinate
Subdominant
Subordinate
Complementary
Accents

Dominant

White 3ch  -- - — -

REMARKS: The example shown
here is an acceptable color
scheme for the defined mood
and activity level of this

.area; however it should not

be construed as the sole
solution., The Ostwald Color
System is employed as a base-
line reference only. Adequate
light is provided

Neutral colors are used in this

area because it is an area of
transition,

VOLUME

REMARKS ;

Physical description of activity is mission dependent.

ey

st O TP TN Y R



v

S ——
T,

UTILIZATION OF HANDBOOK

1.0

Introduction

The handbook may be used as a reference source for
background data and concepts regarding the nature and
importance of various elements of habitability, Section

II, and for general guidance as to how the elements of
habitability may be applied to specific mission activities
and combinations thereof, Sections III and IV respectively.

Section II, General Design Criteria, may be used to gain
a basic understanding of the nature and importance of the
habitability elements discussed herein, These elements

are:

Lighting

A, F. Texture and Design
B. Acoustics. G. Hygiene
C. Temperature H., Dual Room Usage
D. Color ' 1.  Gravity
E. Volume | J. Interrelated

' ' Environments

An understanding of these elements is an ingredient
essential to making decisions regarding the application
of concepts and guidelines presented in this handbook
to actual mission design situations.

Section III, Crew Area Criteria,contains general guide=~

 lines and examples pertaining to the application of the

data and concepts presented in Section II to specific ac~
tivity areas. It is emphasized that these guidelines are
general in nature and must be used with discretion.

Section IV, Paragraph 4.0, presents a system for
applying the concepts and guidelines presented in Sections
IT and III to the development of rough mission models.
The limitations of this system reflect the general nature
of the handbook as well as the state of the art relating to
man's understanding of habitability,
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Limitations of Study

-For a number of the habitability elements i'esearched,

meaningful data, essential to the establishment of min-
jmum desirable standards, do not exist. This is due
both to the state of the art of identifying and quantifying
the elements of habitability, the lack of terrestrial
models relevant fo space flight conditions, and to the
intangible nature of many of the elements considered.
An excellent example of an element for which very little
data exist is'dual room usage'and the effect of specific
variations in the level or type of dual room usage on
habitability, T,M, Fraser refers to these elements

as the 'Intangibles of Habitability' in his 1968 study for
NASA of the same title. As he states in conclusion,
"the intangible will tend to remain intangible and in
fact the problems they create may never be defined

but progressively succumb to the evolutionary devel-
opment of long-ranged spacecraft,'" Elements which
have classically been considered to be the exclusive
domain of the arts: e, g. configuration and inter=-
relationships of space, and the effects of lighting and |
surface treatment suchas color, texture and pattern !
on the interpretation of these spaces have relied strictly

on subjective type data for guidance. For these ele-

ments there is no absolute or ultimate combination

which will ensure the habitability of a habitat. A single

or fixed SQlution in fact would be self-~defeating in that

it would most likely 2dd to the monotony of the environment.
‘ ’ t . .

om g e e R R TTT

Reliability of Guidelines *

'Due to the limited amount of meaningful data pertain~

ing to the effects of extended mission durations on man,
various intangible habitability elements and interrela«
tionships of same, as well as the reactions of average
men to confined situations, the guidelines contained
herein should be used for general guidance only,

"It is expected that these guidelines may well undergo

considerable change as man's exposure to long duration
extraterrestrial missions increases.

e
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Mission Model Development

General

As discussed in paragraph IV-3.0, it is not possible

to develop an accurate mission model for all combin-
ations of mission parameters since insufficient data
exist in the areas of activity, volumetric requirements
and dual room usage to compute accurate figures. The ' ;
following example therefore, illustrates only a system-
atic approach to this problem which, with accurate
environmental data input, should provide a quick method
of computing approximate habitability needs.

Procedure

‘To utilize the handbook to develop an approximate model
for a specific mission the following six steps are used:

1. Determine the mission compatibility rating.

2. Determine the acceptable compartmentation
level and suitable activity combinations.

3. Figure the area requirements for the individual
activities,

4, Apply the efficiency factor to activity area
requirements, . .

5. Figure the area requirements for combined activities.

6. Determine which activities in each activity combination
has the most stringent habitability standards for hght1ng s
acoustlcs, temperature and color.

Sample Calculation

Example mission parameters: ' : l
l

Crew size -~ 12
Mission duration -~ 90 days per crew
Gravity level - zero



4t .-

Atmosphere - 14, 7 psia 05%-N,
Station Life - 10 years

4,3.1 Step I: Mission Compatibilits} Rating

Refer to figure II-H-1 to determine the mission com-=-
patibility rating, As shown by the dotted lines in figure
Iv-1,.' the mission compatibility rating for the sample
mission is 2,

Figure IV-1
Compatibility Rating As a Function of Crew Size
and Mission Duration :

Rating:
1 = Most Effective
5= Least Effective

OO,OIO,OEE.Ss
‘WW

100

SO
L
B

R
NI

50

R

NN

SRR \\\E\\& AR N > RN X

N A A N RPN \\\\\1.\\\}*\\\\)\\\\4 el
N S R R

X IR NN :
R

M
s amnee

30

20

10

Compatibility Zone

Crew Size

Mission Duration (Days)

SRR

APV e T e L aaaaee T Lo R
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4. 3.4

4,3.5

4, 3.

6

4-5 : -

Step 2: Work Sheet Selection

Select the work sheet appropriate to the mission
compatibility level. Work sheets for computing
approximate volumetric requirements and for noting
dominant lighting, acoustic, temperature and color
standards for each area are provided on pages 4-8
to 4-12.. Each of the five work sheets is laid out to
reflect the compartmentation recommendations for
a specific compatibility level as established in Section
II-H, Dual Room Usage. For the sample mission, a
compatibility level II chart is shown in Figure IV~2.
filled in with data derived from Section I of the
Handbook.

Step 3: Apparent Area

The area requirements for the individual activities are
recorded by the user in the left hand column. These
figures are determined by referring to the appropriate
crew areas in Section III, Because of the general nature
of the handbook, area figures are provided for only those
areas in which furniture units were not mission dependent
(unknown machinery, etc.)

Step 4: Actual Area

By multiplying the apparent area need for each activity by
the efficiency figure listed in the second column from the
left, the actual area need for that activity are determined.

Step 5: Total Area

The actual area needs are now combined to determine the
total area needs for each activity combination. These
figures are added together and multiplied by the average
floor to ceiling height to determine a rough volumetric

" requirements for all of the activities considered.

i

Step 6: Dominant Environmental Standards

Refer to Section III to determine those areas within
each activity combination which have the most stringent
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standards for lighting, acoustics and temperature.
The activity having the dominant standard in each area
should be checked in the appropriate column,

-The dominant activity in each 'a.'ctivity combination

is listed first on the worksheet within each activity

- ‘group.

" The color scheme for a combined activity area is gen-

_erally selected to complernent the character of the
dominant activity in the area. - :

e e et AL Sl bt S IR




Figure IV-2

Example Mission Worksheet

MISSION WORKSHEET - II (Example)

‘MISSION PARAMETERS:

Crew Size:

Mission Duratlon'MWMAtmosphere' /‘/7 s/

Gravity Level:

O

ACTIVITY Apparent |Efficiency|Actual|Total Dominant
" COMBINATIONS Area Factor Area |Area. Environmental Standards
’ ' Lighting] Acoustics [Temp.
Personal Quarters &5% [1.0 35559 X X X %
Study — . 0 . - -
Locker — .0 - »
Dining Room /80 1.0 /50 '
Recreation¥® — pust
Theater - .0 - X
Conference Room - .0 -
Briéfing Room - .0 - ‘
Chapel - .0 —
Library 4 .35 £ X X
Lounge P .5 2
Gym . Fs i, 0 [ a
Passageway - 1.0 -
Galley - 1,0 / % S 3
Snack Bar - .0 X Xt
Laundry — 1.0 d ‘
Dispensary 76 (1.0 76 X X <
Barber . 0
Bathroom L5755 11.0 VAvAS .
Storage — - /| X 3
Supply - - N\ / X X
Communications - A X v P
Control - / N\
Computer - N\
Equipment - % 1 i
Shop . - \.__/ » ]
Maintenance - \ / x il
Office ~ \VA X
Laboratory - /\ X
Photography’ - / \ X
3 Animal Housing - A\ : L
Agricultural Study Area - : ]
% Docking - pS X 5
5 Air Locks - X L3
Power -

[Rp——— A

b
%



MISSION WORKSHEET -~

MISSION-PARAMETERS :
- -Crew Size:
Mission Duration:

4-8

1

Gfavity Level:

Atmo

sphere:

ACTIVITY
COMBINATIONS

Apparent]
Area

Efficiency
Factor

Actual
Area

Total]

Area

Dominant

Eunvironmental Standards

Lighting

Acoustics

Temp.

Personal Quarters

et
L]

Study

Locker Room

Dining Room

*
(@ Lo [ ko)

=
L]

Recreation¥®

- Theater

Conference Room

Briefing Room

Chapel

Library

v

Lounge

Gym

Passageway

Galley

o

Snuek Bar

Laundry

OO N Wl Of O OO

o

Dispensary

Barber

Bathroom

Storage

Supply

Communications

Control

Computer

Equipment

Shop

Maintenance

Office

" Laboratory

Photography

Animal Housing

Agricultural Study Area -

Docking

Air Locks

Power

(RS Ao
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MISSION WORKSHEET - II

MISSION PARAMETERS: -

Crew Size: Gravity Level:
' Mission Duration: ‘ Atmosphere:
ACTIVITY Apparent| Efficiency|Actual| Totall Dominant
- COMBINATIONS Area Factor Area |Area | Environmental Standards
Lighting| Acoustics| Temp,
Personal Quarters 1.0 B
Study .0 L,%
Locker Room ) =i
Dining Room 1.0
Recreation#®
Theater .0
Conference Room .0 )
Briefing Room .0
Chapel .0
Library .35
Lounge .5
Gym 10 -
{ Passageway 1.0
3 Galley 1.0 F o
g% Sniack Bar .0 ~;§
i 1 Laundry 1,0
fgewbiépeﬁsaf§ 1.0 R o
4 Barber .0 \Q%
Bathroom - .
;4 Storage ~ T
& Supply : - :
Commiinications ’ -
Control ~
] Computer -
E; Equipment 4 - ' fﬁz
£ Shop - ]
;4 Maintenance - =
Office -
Laboratory - {
Photography -
Animal Housing -
Agricultural Study Area -
. Ei4 Docking -
% Air Locks -
Pover -




S

MISSION WORKSHEET - III

MISSION PARAMETERS:
Crew Size:

it e o b

4-10

Mission Duration:

GraVify Level:
Atmosphere:

ACTIVITY -jApparent
COMBINATIONS Area

Efficiency
Factor

Actual
Area

Total
Area |

Dominant

Environme
Lighting

Acoustics

ental Stan

Personal Quarters

Study

Locker Room

Dining Room

Recreation¥®

Theater

- Conference Room

Briefing Room

Chapel

Library

Lounge ‘

Yy
.

Cym

i

.

Passageway

Galley

.

Snack Rar

Laundry

fay
»

Dispensary

Barber

“PBathroom

=i
» *
olojojololo]oje o jwlojojoio

o (ol e

Storage

Supply

Conmunications

Control

Computer

Equipment

Shop

Maintenance

Office

Laboratory

Photography

Animal Housing

Agricultural Study Area

Docking

Air Locks

Power

. .
» v S



MISSION WORKSHEET = IV

MISSION PARAMETERS:
P Crew Size:

4-11

Mission Duration:

Gravity Level:
Atmosphere:

ACTIVITY IApparent] Efficiency| Actuall Total Dominant

COMBINATIONS Area

Factor Area Area| Environmental Standards

Lighting Acoustics Temp.

Personal Quarters

1

1o

Study

Locker Room

Pl vt Bl

AR
i

Dining Room

f
(o {o Lol o)

Recreation*

Theater

Conference Room

Briefing Room

Chapel

Library

Lounge

ot
-

Gym

Passageway

Galley

I L
L]

Snack bar

Laundry

&

Dispensary

Barber

L
5]

Bathroom

C’b ojolololollo lwlolololo

st fiot f 1ot §

Storage

Supply

Communications

Control

—~

Computer

Equipment

Shop

Maintenance

Office

Laboratory

Photography

Bt

Animal Housing

Agricultural Study Area -

Docking

Air Locks

Power

[
i
v
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4.12 -
MISSION WORKSHEET. -V ;
: MSSION PARAMETERS .
. Crew Size: __ Gravity Level:

e < Mission Duration- . Atmosphere:;

- 'ACTIVITY - : hgparent Efficién_.cy Actual| Totall Dominant o

- -iO(IBINATIONS ea .| Factor Area |Area ] Environmental Standards

T : ) S ~ -1 Lighting] Acoustics| Temp,

, Persanal Quarters 11.0 N g g
Study 0 - 3
Locker Room N
Dining Room 1.0
"Reéreation* ;!
Theater 0 )

- Conference Room .0 ;
Briefing .0
Chapel 0
Library 1.0 -
Lounge 1O
Gym L0 i
Passageway 1.0 .

Galley 1.0 -

S Shack bar .0 - ’
Laundry 1.0

4 . Dispemsary 1.0
Barber 1.0

i3 Bathroom 1.0
- Storage -

_Supply =
Communications -

Control - -
fomputer -

| Equipment -

=3 Shop -

&% . Maintenance - )
Office - :
Laboratory -

Photography . -
Aniwal Housing = .- B

- Agricultural Study Area | =~

T ocking 1= s
Air Locks ‘ o
Powex g - + e

LIRS PO 'v“*‘#"
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