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FOREWORD

In the fall of 1966, I attended a meeting at NASA Headquarters with repre-
sentatives of five other disciplines. The purpose of the meeting was to begin
planning for the post-Apollo manned space flight activities. The meeting en-
compassed years cf program planning and was marked by titles such as Apollo Ex-
tension Systems, Apollo Applications Program and, finally, Skylsb. With the .
closing of tre Skylab Life Sciences Symposium at the ILyndon B. Johnson Space
Center Skylalt was completed.

A prime objective of the post Apollo program was quickly confirmed — to
conduct long duration space flight. The length of the duration was to be de-
fined later but an initial and lasting ccncern arcse immediastely and persisted
even throughout the program. How to define and provide for man the habitabil-
ity requirements for long duration living and working in space?

The suggested solutions to this question were numerous and emanated from
varied sources. After various approaches were considered and decisions regard-
ing program direction were resolved, Principal Investigator Caldwell C. Johnson
and Robert Bond were to direct the experiment and experimental conditions. The
basic problem was that no data or reference material existed that could be ex-
amined for solutions to questionms.

Three basic considerations dominated the experimental conditions. Based
on whatever information or judgment or suggestions that could be assembled the
layout of the crew quarters and the crew accommodations would be the bec* that
could be provided. Second, systematic evaluation of the hatitability provi-
sions should be obtained throughout and after each mission and the accumulation
of these evaluative comments should be accomplished in the least interruptive
manner possible. Third, the data should be collated, interpreted, and reported
to provide the base for designers and program planners for future space mis-
sions,

The comments of the three crews testify c¢co the degree that the first two -
considerations were met. This report is designed to answer the third objective
of the effort.

E. J. McLaughlin, Ph. D.

The University of Te- s Health
Science Center at Houston

March 1975
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SKYLAB EXPERIMENT ML8T
HABITABILITY/CREW QUARTERS

By Caldwell C. Johnson®*

- SUMMARY

- Skylab experiment M4BT was established to evaluate and report the habita-
bility features of Skylab in engineering terms useful to designers of future
spacecraft. Habitability is often thought of only in terms of comfort and con-
venience but Skylab experience showed good habitability features could be meas-
ured in man hours made available to productive tasks. In many instances,
slightly improved habitability provisions would have saved valuable time.

Except for mobility and restraint of crewmen in zero g, which were not
well vnderstood before Skylab, habitability requirements for spacecraft were
found to be little different from those on Earth.

INTRODUCTION

Because of limited volume, weight, and energy budgets, manned spacecraft

before Skylab could ill afford the measures of comfort and convenience required
E to make spacecraft modestly hapiiable. But because of the nature of the mis-
sion, sracecraflt habitabili‘- was not of overriding importance or deemed nec-
essary. However, Skylab could afford a measure of camf.rt and convenience. In
consideration of the extended Juration of S} -lab missions and heavy workload
imposed cn its crews, the continued proficiency and well being of the crew was
thought to justify the cost of modestly habitable living conditions. Skylab
Experiment M4BT, Habitability/Crew Quarters, was established to evaluate the
effectiveness of the habitability provisions of Skyleb, not in terms of the
crews' physiological and psychological reactions to those provisions, but in
J terms that may be useful to the designers of future spacecraft. This report
presents many of the conclusions made at the end of Skylab.

As an aid to the reader, where necessary the original units of measure
have been converted to the equiv.lent value in the Systé&me International
d'Unités (SI). The SI units are written first, and the original units are
written parenthetically thereafter.

*Principal investigator.
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BACKGROUND OF THE EXPERIMENT

The Beginning of Skylab

Habitability became a spacecraft design goal for the first time with the
Apollo Applications Program (AAP) in 1965. The program represented a new ap-
proach in manned space flight. The initial concept called for using the S-IVB
stage of the Saturn V launch vehicle as a three-man habitat Tor missions last-
ing 8 weeks. The propellants were to be purged and life support systems acti-
vated after orbital insertion. However, in July 1969 a redirection of the
Apollo Applications Program called for equipping the S-IVB stage on the ground
as a habitable system ready for immediate occupancy by the astronauts in orbit.
Six months later the program was renamed the Skylab Program. The space station
was called Skylab.

The Spacecraft

Skylab was the largest and most habitable manned spacecraft of its time.
Total pre.surized volume exceeded 340 cubic meters (approximately 12 000 cubic
feet) compared to approximately 8 cubic meters for the Apollo command module.
In addition, Skylab was the first spacecraft with crew quarters designed for
living and werk functions. The food 2nd water systems, personal hygiene sys-
tems, restraint and mobility aids, and sleeping accommodations were new to the
manned space progren.

Skylab is shown on fig. 1 with sections of its skin cut away to show the
principal living and working areas. The figure illustrates Skylab as it was
intended to be with two solar energy collectors deploy=d and thermal shield in-
tact. Actually, Skylab lost one of the solar energy collectors and a part of
the thermal shield during launching and had to make do with less electrical
power than planned and jury rigged thermal shields (fig. 2).

Figure 1.- L._ving and working areas in Skylab.




Figure 2.- Skylab with one solar array panel
and jury rigged thermal shield.

The lower electrical power budget was a troublesome constraint for the
overall operation of Skylab but was littlc more than an inconvenience from a
viewpoint of habitability. The overheating of the living area and stowage ar
during the early days of the mission and for a short while after the first
thermal shield was rigged probably had a deleterious effect on the palatat ’
of some of the stored food and interferred with sleeping.

In general, habitability accommodations of Skylab were rated high by all
crewmen. The functional success of habivability accommodations means that the
foundation for future orbital stations has been significantly enhanced. Except
for food production and recycling of wastes, few advances beyond present space
technology will be required for long missions. Credit for successful design
and development of the habitability equipment must go to the combined man/
machine engineering efforts of the spacecraft development contractors, NASA
support contractors, and NASA personnel.

Comprehensive reports on Skylab, particularly its manned areas, life sup-
port systems, and habitability accommodations are contained in refs. 1 and 2.

Onboard Operations
The Skylab mission began May 1k, 19772, with the “aunch of the Saturn Worl:-
shop into a nearly circular orbit at an altitude of L35 kilor:ters and at an
inclination of 50 degrees to the Earth's equator. The missicn lasted 272 days,

3




'v'!y'."l"\

2R

during which time nine men in three different three man crews manned Skylab for
periods of 28, 59, and 84 days. Despite some problems, the total time the
crews spent aboard Skyleb exceeded the planned time. Furthermore, the crew
performed scheduled and unscheduled operations with less difficulty than was
anticipated.

Life aboard Skylab was scheduled for all crewmen to work, eat, and sleep
consonant with the day night cycle at Houston, Texas. The nominal day began at
6:00 a.m. and ended at 10:00 p.m., Houston time. Onc day in T or 8 was set
aside as low activity day, but usually it was not Sunday. The crewmen usualily
ate breakfast together and planned the activities of the day. Lunch was usu-
ally eaten when convenient to other activities but the evening meal was eaten
together. The crew often worked until bedtime. Occesionally, the normal rou-
tine for all three crewmen was completely interrupted by a major activity such
as extravehicular activity (EVA). Often an ! ‘Aividual crewman's day and night
were rescheduled to suit a particular experiment. :

If one doesn't look too closely, Skylab crews would appear to heve appor-
tioned their wime in orbit about the same as they do when on Earth. While in
orbit they spent approximately two-fifths of their 24 hour dey performing ex-
periments or operating the spacecraft and three-fifths of their time sustaining
themselves; i.e., eating, sleeping, grooming, hygiene, exercise, and recrea-
tion. The difference between their spaceflight and normal Earth day was the
large percentage of time spent on personal hygiene at the expense of recreation
time. The crews consistently complained that they were worked too long. How-
ever, they worked about the same as most of us on Earth do but had to spend too
much of their own time on chores that are generally considered incidental on
Earth: grooming, personal hygiene, and to some extent, eating. Tt is not sure
prising that Skylab's accommodations for those necessary activities had a large
bearing on the operational utility of the crew. Hebitapility provisions are
often thought of only as a contribution to comfort and convenience, and meas-
ured only in esthetic terms. But from the experience of Skylab, many of the
habitability provisions could be r~asured as in-flight man-hours made avsailable
to productive operation (refs. 3, 4, and 5).

Skylab Crewmen

Experiment M4BT did not deal with the physiological or psychological reac-
tion of the crew to the habitability provisions of Skylab. But, since many of
the data taken in the course of the experiment were subjective, some knowledge
of the physical character and professional background of individual crewmen may
help to better understand their individual opinions on particular aspects of
the spacecraft and daily operation. For the most part the opinions agreed.

The few differences were inconsequential and were a matter of emphasis, which
reflected a simple difference in physical stature or professionsl point of
view. Pertinent biographies of the nine Skylab crewmen are presented in ap-
pendix A.
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DESCRIPTION OF THE EXPERIMENT

Experiment M4BT, habitability/crew quarters, was established to evaluate
and report habitability features of Skylab in engineering terms that would be
useful to designers of future spacecraft. FExperiment MU8T was not an experi-
ment in the classic sense. The experiment was more a demonstration of how well
technology could reduce habitability to an activity entirely incidental to the
spaceflight missicn itself. Within the limits of programmatic resovrces, Sky-
lab was configured to reflect the best understanding of the requirements for
habitability. The experiment sought to evaluate the suitability of those re-
quirements, not the technical excellence of their engineering implementation.

ObJectives

To satisfy the objectives, specific tasks had to be identified within each
mission that would satisfy the data requirements and be amensble to unobtrusive
data collection techniques. Questionnaires and rating forms for areas of spe-
cific interest were included with the onboard checklists and periodically com-
pleted by each crewman. Environmental measuring instruments were placed on-
board for periodic, quantitative assessment of the enviromment to supplement
the crewmen's subjective evaluations.

A Mission Requirements Document (MRD), specified the mission requirements
and objectives for mission activities {ref. 6). There were separate MRDs for
each mission, which provided a medium for incorporating new requirements based
on previous mission experience. A separate section of the MRD was devoted to
each flight experiment. These sections were known as the Detailed Test Objec-
tives (DTO). ™ schedule events that comprised the in-flight administration
of the experiment protocol were known as Functional Objectives (FO) and made
up the indentured details of the DT0. The FOs developed for Experiment MA8T
for each Skylab mission are:

Skylab 2 (SI-2) FOs.- Twenty functional objectives were scheduled for
S1~2. The first three FOs called for periodic evaluation of habitability by

each crewman.

1. An assessment of the design and operation of habitability equipment

2. An assessment of the habitability aspects of the living compartments

3. An assessment of the frequency of use of habitability features

A roundtsble discussion by all crewmen during the early part, midway, and
late in the mission was required by FO 4, 5, and 6. Three sets of questions
were provided as subject matter for these discussions.

Meas‘rement of overall sound pressure levels and center band frequency
spectrum at prescribed locations within Skylab constituted FO 7. Seven pieces
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of equipment vwere provided for the accomplishment of FO 8, which were a velom-
eter to measure the air velocity, one digital and three ambient thermometers to
measure surface and air temperatures, a force measuring gage to determine push/
pull forces, und a measuring tape.

Functional objectives 9 through 18 were designed to acquire photographs
early and late in- the mission of the crew performing routine living, housekeep-
ing, and maintenance tasks. These photographs were expected to demonstrate the
efficacy of the habitability equipment and to reveal any difference in the uti-
lizetion of the equipment by the crewmen as the mission progressed. These FOs
were designed to support experiment M516, Crew Activities/Maintenance Study.

Functional Objective 19 was the waste management compartment photographic
demonstration midway in the mission. The preferred method for mounting and
dismounting the fecal/urine collector, use of all restraints including lap
strap, methods used for various personal hygiene and grooming techniques such
as sr ving, hair combing, using the hand washer, washcloth squeezer, and mirror
and associated restraints were all to be demonstrated and photographed.

Functional objective 20 allocated film for photographing off-duty and
hygiene activities.

Skylab 3 FOs.- Eighteen FCs were scheduled for the SL-3 mission. Exper-
ience gained during the SL-2 mission led to several changes in the FOs proposed
for SI~3. The following are the chaages.

Functional objective 1 included an expanded subjJective evaluation guide
listing additional equipment and clothing to be evaluated. Functional objec-
tive 2 remained the same as on SL~2. Functional objective 3 called for using
a revised evaluation guide pertaining to onboard tools, miscellsneous support
items, and scheduled and unscheduled maintenance tasks. This item was designed
to support the -M5i6 experiment, which had no suitable checklist for crew com-
ments. The SI~2 equipment frequency-of-use guide was deleted for this mission
because the data were found to be available in the transcripts of daily crew
conversations.

No major changes were made to the crew debriefing for FOs 4, S, and 6.
Functional objective T consisted of a new set of questions oriented toward a
roundtable discussion of in-flight maintenance and supported experiment M516.

Skylab b FOs.- Nineteen FOs were scheduled for the Skylab 4 mission.
Functional objectives 1 through 8 and 12 through 19 were unchanged. Functional
objectives 3 through 11 were changed to determine the effectis of zero g upon
the crewmen's height. Height measurements were required in the morning and
evening of the same day during the early, middle, and late parts of the
mission.

Two additional FOs were added during the mission. Functional objective 20
called for additional photography and FO 21 called for an evaluwation of conical
cleats on the "triangle" shoes.
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In-flight Data Acquisition

The conclusions of this report were based on objective and subjective data
acquired from real-time television and video tapes, 16 mm film returned with
the crews, operational conversations, subjective reports by the crewmen during
the missions, and postflight debriefings. Of the data sources, video tapes
and the 16 ma film provided the most useful objective data. The periodic re-
ports by the crewmen during the mission provided the most useful subjective
date, especially after group reporting wvas abandoned in favor of individual
reporting and more meaningful questions were asked of the crewmen. Although
televised activities tended to be somewhat staged, careful review of activities
incidental to the main subject often would reveal nominal performance. Sub-
Jective reports by all nine of the crewmen did not always agree but the dispar-
ities were not of the degree or nature that would refute the consensus.

Data acquisition techniques were intended to be unobtrusive in the sense
that staged demonstrations were avoided; however, time was required to set up
cameras, use envirommental measuring instruments, and tape of transmit in-
flight debriefings.

Subjective evaluation data.- Two types of subjective evaluation data were
solicited from the crewmen. Questions were asked of the crewmen concerning
general sspects of living and working in zero g, and rating scale evaluations
of specific equipment items and compartment architectural arrangements. Ques-
tionnaire forms were furnished as part of the M48T data package. All subjec-
tive evaluations were voice recorded and transmitted to the ground. In addi-
tion to scheduled in-flight evaluations, ad hoc crew commentary was requested
as the mission progressed. As the experiment support team gained experience
with this method of data collection, certain changes in format were deemed
appropriate. These mission-by-mission changes are shown in Tables I through
IX.

Debriefing questionnaires: A series of general questions were formulated
concerning the various aspects of living and working in zero g. The questions
were varied so more specific questions were used during the early-mission eval-
uation and general questions were used during middle- and late-mission evalu-
ations. The SL-2 crew debriefing questions are in Tables I, II, and I[II. The
same questionnaire was used for SL-3 and SL-h except for the deletion of
question 2A, number five. The questions were intended to stimulate discussion
between crewmen about the various habitability parameters dbut only the SI-2
crev used them in this manner. The other two crews chose to answer the ques-
tions individually as a matter of time-line and scheduling convenience.

Equipment items and compartment evaluations: The crewmen individually
evaluated the various spacecraft equipment items and architectural parameters
of each spacecraft compartment. A 5 point rating scale was designed specifi-
cally for use with the evaluation forms but the prime data return was expected
to be the crews' comments and suggestions in support of their specific indivi-
dual evaluations. The SL-2 rating scale evaluation forms are presented in Ta-
bles IV, V, and VI. Table VII lists the changes for SI-3, and Table VIII iden-
tifies the changes for SL-k.

-~
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TABLE I. ~ SL-2 MM8T-2A CREW DERRIEFING
(ROUND TABLE DISCUSSION)

1.

3.

6.

What particular aspects of the O/A seem well designed
and arranged for living and working in gzeroc gt What aspects are
deficient and how?

Which restraint device offered the most assistance in performing
tasks; vhich the least? What recozmendations do you have for
improvements?

How effective is non-equipment-assisted verbal commmmication
throughout the 0/A?t How satisfactory have the intercom boxes been
for IVA comm, voice recording, and ground comm? Are their
locations in each compartment satisfactory?

How satisfactory are the food management and dining accommodations?
How well does the food adhere to the utensils when eating? Would
a closer tray-to-mouth proximity have improved eating ease?

What safety problems have arisen that are directly related to
habitability?

How satisfactory have the various environmental elements of
habitability been in providing a suitable habitat (lighting, noise,
temperature, humidity, air flow)?
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TABLE II. - SL-2 Mh87-2B CREW DEBRIEFING
(ROUND TABLE DISCUSSION)

1.

How adaptable are the various compartments to multiuses dbeyond
their prime design function (e.g., does the sleep compartment
double fur off-duty reading, etc.)?

How adequate hes the slesp restraint been for sleeping? Has it
been useful for anything other than sleeping? If so, what?

What noneating uses have been found for the wardroom table?
Would a design modification of the table and its associsted
restraint be desirable for any or all uses?

What sanitation problems have developed and how have you dealt
with them? :

What is the most disconcerting personal hygiene problem you
have encounter=d?

How effective and efficient are the cleanup procedures and
hardware? How much of the time line imposition are cleanup
chores?

How adequate is the ATM "Chair?" Is it readjusted for each
crewman? Do you use the shoes/orid with it? Is the toebar
useful? Do you use the chair anywhere other than at the ATM?
Where? What design improvements do you recommend?

How -~omfortable are your garments in terms of fit, warmth, and
dr . /doff ease? Were they sufficiently resistant to tearing and
abrasion? Did they tend to snag as you moved about the O/A?
What recommendations do you have for improving IVA garments?

Wnat changes have you detected in the environmental elements
discussed as the last question in the first debriefing? Have
you used any of the Mh87 instruments to document these changes?
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TABLE III, - SL-2 Mi87-2C CREW DEBRIEFING
(ROUND TABLE DISCUSSION)

1.

2.

3.

Which is preferable, the floor/ceiling orientation of the OWS,
or the open cylindrical arrangement of the MDA/STS? How do the
tasks to be performed influence your preference of orientation?

How adequate are the restraints and mobility aids throughout the
0/A? Are more needed? Where? Are some unnecessa~y? Which
ones?

How often have environmental factors (e.g., noise, temp,
airflow, illumination) interfered with your ability to perform
a task? Which tasks and where? Have any of these factors
interfered with your ability to sleep?

What unique off-duty activities have you devised to supplement
those provided in the ODAE kit? What recommendations do you
have for improving recreational facilities and equipment for
future programs? Are such items an important consideration for
a mission the length of yours?

In terms of your zero-g living and working experiences during
this mission, what specific habitability improvements would you
recommend for the next Skylab crew; for future programs?

How satisfactory is the frequency of change of bedding and
clothing?
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TABLE IV.- SL~2 MiB7-3A SUBJECTIVE EVALUATION
( CONTINUED)

INSTRUCTION:

Evalucte and voice record the overall adequacy of the equipment items.
Descriptive comments are encouraged, especlally concerning the following:

Functional performance

Convenience of use location and orientation

Comfort and ease of use

EVALUATION DEFIRITIONS

RATING DEFIKITIONS

EXCELLENT IMPROVEMENTS ARE KOT NEEDED AND WOULD ONLY BE A MATTER
OF PERSONAL PREFERERCE

VERY GOOD MINOR IMPROVEMENTS ARE POSSIBLE BUT NOT REALLY NECESSARY

ADEQUATE SOME SHORTCOMINGS FOUND AND A FEW IMPROVEMENTS ARE
DESIRABLE

POOR NUMEROUS SHORTCOMINGS FOURD ARD IMPROVEMENTS ARE NECESSARY

URACCEPTABLE GROSS SHORTCOMINGS FOUND AND IMPROVEMENTS ARE MARDATORY

EQUIPMENT 1TRMS

WORK RESTRAINTS/MOBILITY AIDS

OWS fireman's pole

OWS dome and wall handrails
STS handrails

MDA handholds/handrails
Triangular shoes/grid

Water tank foot platform
ATM foot platform

Portable M512/MWT9/EREP foot
platform

Portable PGA foot restraints
Portable handholds (specify
where and how used)

Portable equipment restraints
(tethers, bungees, universal
mounts, etc.)

ATM seat/backrest restraint
Conical shoe cleats/grid

WASTE MARAGEMENT/HYGIENE EQUIPMENT

Fecal collection equipment
Urine collection equipment
Urine-flush water dispenser
Hand washer

Fecal/urine collector lap
strap and handholds

WMC hand washer handrail
WMC light-duty foot restraints
WMC ceiling handrail

Drying stations

Shower
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TABLE IV. - SL-2 Mi87-3A SUBJECTIVE EVALUATION
(CONCLUDED) -
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FOOD M BQUIPMENT

Wardroom table (eating station)

Thigh restraints ;
Wardroom light-duty foot restraints .

Food reconstitution dispenser
Water gun

Food tray

Food cans

Beverage dispensers

) ,SIeel; ~rest.mint
¢ -Trash airlock .

@ Vacuum cleaner
--® Wardroom table (noneating uses)

¢
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Seasoning dispensers - ;
EBating utensils
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TABLE V. - SL-2 ¥487-3B SUBJECTIVE EVALUATION

IBSTRUCTIORS

Evaluate and voice record the design features and accommodations of each
compurtment (it is not required to be in the compartment being evaluated).
Descriptive comments are encouraged, especially for items considered only
adequate or less than a’dequate. Use the following terms:

EVALUATION DEFINITIONS

RATING  DEFIRITION
EXCELLERT . - IMPROVEMENTS ARE NOT NEEDED AND WOULD ONLY BE A MATTER

, OF PERSONAL PREFERENCE
VERY GOOD MINOR IMPROVEMENTS ARE POSSIBLE BUT NOT REALLY NECESSARY
ADEQUATE SOME SHORTCOMINGS FOUND AND A FEW IMPROVEMENTS .RE

) " DESTRABLE .

POOR  NUMEROUS SHORTCOMINGS FOUND AND IMPROVEMENTS ARE NECESSARY
UNACCEPTABLE GROSS SHORTCOMINGS FOUND AND IMPROVEMENTS ARE MANDATORY

Evaluate each of the following compartments with the habitability parameters:

COMPARTMENTS HABITABILITY PARAMETER TO BE EVALUA

WARDROOM ® Cenersl arrangement and orientation of compartment
- ® Volume of compartment
wiC e Ceiling/floor proximity
® Ingress/egress provisions
SLEEP ® Trash collection provision
@ Stowage volume & access
EXPERIMENT ® Temporary equipment restraints
® Personnel mobility eids
FORWARD/DOME ® Personnel restraint cevices
® Thermal comfort
ATIRLOCK ® Noise level
¢ Illumination
MDA/STS
13
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TABLE VI. - SL-2 M48T-3C SUBJECYIVE EVALUATION

INSTRUCTIONS

Evaluate and voice record the frequency of use of items in the following terms:

FREQUENCY EVALUATION TERMS
Daily or every opportunity

Every other day
Once a week
Every 2-3 weeks
Never -

If an item was seldom or never uted, explain whether it vas a function of
Though not specifically
requested, the adequacy of any item may be independently evaluvated by
using the evaluation definitions.

poor design, malfunction, no requirement, etc.

Jacket

IV boots

IV Gloves

Bump Hat
Pillow

Blankets

Light Baffle
Privacy Curtain

ITEMS TO BE RVALUATED

Penlights
Scissors

Tocl Caddy
Portable Fan
Tape Player
Headset
Microphone
Playing Cards

Books (pleasure)
Hand Exerciser
Hand Balls

Dart Set

Exer-Qym
Binoculars
Windows (off duty)
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TABLE VII. - SL~3 Mi87-3 SUBJECTIVE EVALUATIONS
(SL-2 DEVIATIONS)

L

oo

M487-3A SUBJECTIVE EVALUATION GUIDE

WORK RESTRAINTS/MOBILITY AIDS CATEGORY

Deletion

Portable M512/MUTY/EREP Foot Platform

WASTE MANAGENENT/HYGIENE CATEGORY

Addition
Deletion
MISCELLANBOUS CATEGORY

Additions

Mi87-3C SUBJRCTIVE EVALUATION GUIDE

Deletion

® Personal Hygiene Kit

® Urine~-Flush Water Dispenser

Tool Caddy

Portable Fan

Off-Duty Activity Equipment (ODAE) Kit
Garments

o Light Baffle

o Privacy Curtain

e The Entire Guide
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TABLE VIII. - SL-2 M4BT PHOTOGRAPHIC REQUIREMENTS

Runateg

r Subgect Nisslan Fremes/sec tise,

o, tine mip

9 Bating of meal {evening) Barly [ 1 10

10 Bating of meal (evening) late 6 10

n Toff clothing and ingress sleep Barly é H
restraint

12 Doff clothing and ingress sleep late 6 2
restraint

13 Egress 8les, restraint end don Barly 6 2
clothing

1 Egress sleep restraint end don Late [ 2
clothing

15 Clean sixing chasber screens in RBarly ? 10
Soma

16 Clean sixing chasber screens in Iate 2 10
dome

1T ‘Trash airlock operavion Madle 2 3

18 Trash airlock operation late 2 3

19 Demonstration of activity in waste Madie 2 5
Bsansgenent compartment

20 Crew cholce various off-duty As availatle Crev option Crew option
and hyglene activities

Environmental measurements.- The experiment provided several envirommental
instruments to be used primarily at crew options for measuring various aspects
of the Skyalb environment. The data were used to supplement. the crews' subjec-
tive impressions. The instruments included the following and are described in
aprendix C.

1. A velometer to measure air velocity

2. Digitel and ambient thermometers to measure surface and ambient
temperatures

3. A force gage to cetermine push/pull forces
L. A sound meter to monitor the sound pressure levels
S. A frequency analyzer for measuring the acoustic spectrum

6. A measuring tape to gather quantitative date on dimensions and xr-
rangement of the orbital assembly (OA) architecture

Photograranic coverage.- The allocation of motion picture film for SL-2,
SL~3, and SL-4 is shown in Tables IX, X, and XI. In addition tc the scheduled
photography, scheduled and unscheduled television transmission provided real-
tir» and video-taped visual records of many crew activities. Motion picture
frame rates were selected to conserve film but in retrospect, higher rates
would have conveyed better the subtleties of performance in zero g anrd with an
acceptable reduction of total time.
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TABLE IX. - SL-l MU87-3A SUBJECTIVE EVALUATIONS (SL-3 DEVIATIONS)

VORK RESTRATNT/MOBILITY AIDG CATEGORY

WNC Hand Washer Handrail
Towels/Wash Cloths
General Utility Wipes
Wet Wipes

Biocide Wipes

Utensil Wipes

Trash and Plenum Bags
Urine/Fecal Bage

- MISCELLANEQUS CATEGORY

! Additions Air Diffusers
i 9 Air Vents (sleep compartzen* '

TABLE X. - SL-3 Mi87 PEOTOGRAPHIC REQUIREMEPTS

Running
Fo Subject Wesion Prames/sec time,
no. tioe
uin
9 Eating of meal (any) Barly 6 5
10 Bating of meal (any) Hadle 6 S
1 Eating of meal (ary) late 6 5
12 Cleaning of mixing chazder Barly 2 10
screens in dose
13 Cleaning of mixing chamber Migdle 2 il
screens in dome
1b Cleening of mixing chamber Late 2 10
screens in dome
15 Trash airlock operation Barly 2 5
h 16 | Trash airlock operation Middle 2 s
17 Treash airlock operation late 2 5
I 18 Restocking pantry Nadle 6 15

17
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TABLE XI. - SL-i MU8T PHOTOGRAPHIC REQUIREMERTS

Runnie,,
ro Subject Misaion Frusas/sec time,
no. tine pred
12 Eating of meal (any) Barly 6 5
13 Eating of meal (any) Waddle 3 H
Y Eating of meal (any) Late 6 3
15 Cleening of mixing chamber Barly 2 10
screens in dome

16 Cleaning in mixzing chamber late 2 10
screens in dowe

17 Waste management compartment Early 6 Y
activity/personal hygiene

18 Vaste management compartment Late [ S
activity/personal hygiene

19 Restocking pantry Niddle 6 14

2¢ Checklist updating late 6 20

In-flight oblectives accomplished.- All functional objectives were accom-
plished for three missions, except the photographic requirements of FOs 10 and
20. However, it was evident as the mission progressed that the intent of those
FOs was being achieved by television coverage and by photography for other
purposes. Also, as the missions progressed, the formalities of real-time com-
munication between the experiment support team and the crew relaxed to the
point where pertinent questions could be discussed more readily while the cir-
cumstances of the issues were fresh in the mind of everyone. Taken together,
enough voice comments, taped evaluations, and television images were transmit-
ted and enough film was brought back by the crews to satisfy essentially ali
data acquisition objectives of the experiment.

Postflight Debriefings

A series of debriefings of the flight crews by several management snd
technical levels of NASA touk place as soon as the crewmen returned to Houston
and had an opportunity to rest. The debriefings provided another valuable
source of data, not so much becauce additiopal facts were brought out but be-
cause earlier comments were clarified. In some instances, the crews were sble
to explain objective data that otherwise would have been misunderstood. There
vere three formal debriefings and a number of unscheduled discussions with
individual crewmen.
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Management debriefings.- As soon as practicable after their return, each
of the crews briefed upper levels of NASA management on the highlights of the
mission. Aspects of the mission of immediate importance to the following mis~
sion were emwphasized. However, the debriefings were mostly overviews and not
especially pertinent to experiment MLST.

Technical crew debriefings.- A few days after a management debriefing, the
three crewmen recour.ted their recollection of all aspects of their mission. To

bring out as much information as possible they compared notes and impressions
and mutually stimilated their individual recoliections of the entire mission.
They generally followed an outline of subject matter prepared for them.-as a
guide but were free to digress. Since the technice’ vriefings were taped
wvithout an audience and the transcripts known to be intended for very limited
distribucion, the comments were candid but often unstudied and couched in lan-
guage that eas’ 'y could be misunderstood when transcribed (refs. 7, 8, and 9).

Systems and experiments debriefings.- Debriefings were coaducted for tech-

nical specialists representing apacecraft systems, operations, and experiments.
Debriefings lasted several days and were arranged according to subject matter.
So the specialists could avoid repetitious queslions and could seek clarifica-
tion of a possibly misunderstood point, pertinent portions of transcripts of
the technical debriefing were furnished the technical specialists beforehand.
Mlthough many pertinent comments were brought out by the question-and-answer
type debriefings, some questions tended to become leading and the crewmen be-
came both weary and wary (refs. 10 and 11).

Informal debriefings.- The support team for experiment MLU8T was located
at the Lyndon B. Johnson Space Center (JSC) and was able to consult with the
returned crewvmen on & “requent and informal basis. These informal consulta-
tions were especially useful for pursuing an obscure point or explaining an
apparent contradiction of data. And, in return, a crew or crewman sometimes
used the experiment team and data bank to refresh their memory of how things
went during a particular phase cf a mission.

HABITABILITY EVALUATION CONCLUSIONS

Subjective and objective data, casual and studied comments, operational
records and voice tramnscripts, and personal knowledge cf the crewmen and the
spacecraft, taken all together, allow the habitability aspects of Skylab to be
evaluated with greater confidence than had there been only one source of avail-
able information. This section will summarize the results of the evaluations.

Habitability or whatever one chooses to call the quality of daily living
is, at best, a nebulous concept. To lend some semblance of order when report-
ing on the subjzct, habitability is presumed to comprise the following nine
elements.

1. Environment: Composition, temperature, and movement of the respirable
atmosphere;: acoustic and lighting levels
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2. Architecture: Geometric arrangements of compartments and interior
appointments of the spacecraft

3. Mobility and restrairt: Locomotion and restraint of the crewmen and
mechanical aids

4. Food and drink: Stowage, preparation, serving, and eating
5. Garments: Shirt-sleeve clothing

6. Personal hygiene: Facilities for waste collection, washing, and
grooming

7. Housekeeping: Housecleaning, refuse disposal, and stowage
8. Communication: Intravehicular only

9. Off-duty activity equipment: Music, books, games, and other enter-
tainment

The: results of habitability evaluations are presented for each of the
categories as narrziive summaries that require one or more of References 12
through 34 to expiain each category in greater technical Aetail and to present
data and evidence supporting the conclusions. The references are essential to
a comprehensive report of experiment ML8T.

Many of References 12 through 35 were published as Johnson Space Center
bulletins. The bulletins were published to provide early access to the result
of Skylab man/machine engineering exverience relevant to current development
programs. Each reference pertinent to Experiment M4ST is referred to under the
appropriate habitability category and sumetimes several reierences address a
single habitability catego.y.

Enviromment

The respirable atmosphere in the Skylab was T0 percent oxygen and 30 per-
cent nitrogen and maiatained at an absolute pressure of approximately 347 x

102 N/m2 (260 torr). Air leaving the conditioning apparatus was ducted to the
aft end of the workshop and worked its way through the living quarters and ex-
periment area to collectors in the forward dome area. Local flow in the crew
quarters could be regulated by adjustable anemostats.

Portatle fans were sometimes necessary because of an apparent lack of
gravity induced air convection. Combinations of air and wall temperature, hu-
midity, and general circulation were such that the crewmen would not be ex-
pected to become overheated. However, there were instances when the crewren
felt that they were submerged in a stagnant tubble of hot air. A good example
is illustrated on fig. 3, which shows a crewman exercising on the ergometer.
The lack of circulation due to & lack of convection undoubtedly accounted for
a tendency of crewmen to overheat.

20

\ ety ok 1ot ta



Airflow from foot to hezd in
One of the crewmen reversed his slee
a.r inlet.
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Background nois
Background noise was
that propagaied thro
were asleep.

=
St
ugh

Local lighting was marginally ad
levels were much less than handbook vali
In some instances, switches were locat Lhe ]PV*PP
"made do" without proper light rather to the swite
pranel in another area. Lack of local co.ﬁrc of ll ghting sometimes 1nber;erred
with scheduled activities. When an experiment was conducted that reguired the
operator and experiment station to be in darkness, the entire experiment area
and living area had to be darkened. Lighting and compartmentation did not
allow sufficient localized control of light (ref. 12).

Spacecraft Architecture

Skylab consisted of five major compartments, none of which bore any arch-
itectural resemblance to another. The multiple JOﬂkiﬁg adapter (MDA) was &

3-meter diameter cylinder with interior equipment arranged more

or less to fit
the cylindrical walls. The airlock module was little more than
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Mobility and Restraint of Crewmen

Mobility modes varied according to the architecture and free space of the
compartment to be traversed. When in the relatively confined gravity-oriented
crew quarters (fig. T7) the crewmen moved about more or less perpendicular to
the floor by using their hands and toes to propel and guide themselves., The
so called compression mode of walking was not adopted and little use was made
of the overhead handrails. When in the relatively open dome area, crewmen
2k
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usually cressed the open space headfirst and did not always reach their desti-
nation with the most desirable body attitude. The fireman's pole that ran the
full length of the dome area along the centerline was used to some extent as a
mobility aid by the first and third crews but not the second crew.

NASA-S - 74- 5151

During traverse, control of the legs and feet often
where the crewman changed direction or. passed through
the hands to maneuver the he crewman coften was
his lower legs and would bump his feet

structures alongside the “‘“Tv In many instances,
alongside a busy route were inadvertently and unknow
man's foot

When proper restraints were available, manual tans were
as well in zero g as in Earth gravity. Properly designed foot rest rtint* p o-
vided sufficient restraint for tasks not requiring strenuous
lany types of foot restraints were located in Skylab. The s} W
angular cleats that could be locked into the grid floor were a nuisance to put
on and take off but they offered the best all around restraint (fig. 8). Flim-
sy instep ctraps such as those in front of the urinal were useless.
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Chairs were not useful. In a
natural body position, is tiring
useful purpose. The s
console was used Lo
The thigh restraint:
were restrained aiso.

-4 you

', and serves no
mi-chair designed for use at the Apcllo telescope mount

' first manned mission but later disca.cded.
‘droom table were effective only when the feet

was used for mobility and restraint whether or not it was
designed with & purpose in mind. When no dedicated restraint was avail-
able, any snlid appearing object within reach was used especiallv when neces-
sary to arrest motion. OSometimes this action resulted in minor damage to
equipment. For instance, the latches holding the food trays to the table (fig.
5) were sprung by crewmen using the food tray as a mobility ~id (refs. 13, 16,
17, 18, 19, 20, 21, 22, 23, 24, and 25).

Food and Drink

The Skylab food system was entirely different from those used for previous
space flights. The system development was based on three considerations that
were not dominant in earlier programs: a medical requirement to account for
all food and beverage intake, a requirement for approximately 1 year of stowage

o ) S
at embient pressures ranging from 0 to 1787 x 10° u/m” (0 to 26 psia), and a
requirement for greater crew acceptance. The Skylab feod tray, food cans,
beverage container, and silverware are shown in the center of fig. 9; the
Apollo food packages are in the foreground.

26
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Figure 9.- Skylab food tray.

The onboard preparation of food was improved by using a higher percentage
of ready-to-eat foods, programable heating devices, snd dedicated galley.

The presentation of food was improved by using open dishes,

conventional

silverware, and a tray to retain several dishes, silverware, condiments, and

napkins. Certain fcods had been eaten in Apollo spacecraft with

spoons from

open plastic pouches, but the Skylab crewmen demonstrated in zero g the prac-

ticability of eating almost all ordinary foods from open dishes

silverware. Occasionally, portions of the lers viscous soups an

lost but usually only when opening the centainers.

Palatability was improved by the addition of frozen and chi

with ordinary
d gravies were

lled foods and

a higher percentage of thermostabilized wet foods. Skylab experience indicated
that in-flight preparation of rehydrated foods was not perfcrmed as readily and
conveniently as had been expected. The rehydration proces:s often was time con-

suming or incomplete. The plastic pouches required for the rehy
- were unattractive and, in many respects, defeated the benefits o

eating.

All crewmen commented on the apparent bLlandness of the fcod
control food on the ground tasted adequately seasoned. There is
accepted explanation for the crew's subjective opinion of the ta
in flight.

Regular, group eating periods and tabletop eating tended to
of the catch as catch can effect of previous regimens (ref. 26).

iration process
f open dish

although the
no generslly
ste of the food

dispel much
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Garments

Astronaut clothing for early space flight missions was designed principally
to meet the requirements of biomediecal instrumentation, pressuro-suit operas= J
tions, communications equipment, nonflammebility, und null gravity. The influ-
] erce of aircraft flight garments was noticeable in the preference for one piece

garments, location of pockets, and insignia. Little attention was given to

styling. For Skylab, comfort and overall appearance receivea increased consid-
eration. However the garments were compromized by flammability constraints.
The wardrobe was expanded to include a nonflammeble Jacket, a knit shirt, and
trousers; conventional cotton T-shirts, undershoris, and socks were also added.
The outer garments are shown on fig. 10.

MASA -3 - Sar -\ “

Figure 10.- Outer garments.

hirt/jacket combination proved to be convenient
nation is convenient on Farth: easy adjust-

in donning and deffing, less sensitivity

The conventional pants/s
for the same reasons that the combi
ment to different temperatures, ease
to fit, and waste ma:.agement convenience.

were intended

Knitted or elascic cuffs inside the sleeves and pant legs
to prevent the sleeves and pant legs from riding up in null sravity. Oeveral
crevmen removed the cuffs and noted that only cccasionally was ne ressary to
intc place. However, ot crewmen seemed

shake their sleeves or pant legs back
to prefer the cuffs.
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Clothing became soiled mostly from the wearer's body, not from the space-
craft., The cuter garments could be worn much longer than anticipated and the
eonverse was true of the underwear. Too many outer garments and not enough
anasrwear and socks were included in the clothing budget.

The outer shirt was knitted of a nonflammable synthetic fiber, Durette.
Wr.on it was worn without a T-shirt underneath, it guickly developed a particu-
larly offensive odor.

The shoes, too, were made of Durette and wore out rapidly. The toes would
not hold up under the scuffing they received as the crewmen pushed themselves
about by sticking the tces of their shoes in the grid floor.

There was no requirement for protective headgear. Lightly padded, soft. t
bump hats were furnished but unused.

Pockets were especially useful in Ckylab. Pockets provided one of the few
places to temporarily stow and carry small articles. Skylab experience indi-
cates that pockets deserve more engineering attention than they usually receive.
The location and nature of pockets for use in space flight should be somewhat
different than found optimum on Earth. The pockets should be deep enough to
close over items end the pocket should close itself simply and naturally.
Pockets on the lower part of the pant legs are not readily accessible. Addi-
tional bulk on the lower legs compounds the mobility problem (ref. 27).

Personal Hygiene

The Skylab provisions for personal hygiene, particularly body-waste col-
lection, were luxurious compared to those provided for Mercury, Gemini, end
Apollo crewmen. However, convenient use of the waste collection sysiem was
compromised by the requirement of medical experiments to process and return
urine and fecal samples. The integrated fecal/urine collector in Skylab did
not always work perfectly but the problems encountered were mechanical in na-
ture and amenable to engineering solutions.

Because of the water budget and rag squeezer limitation, satisfactory
rinsing of soap from a washrag was impracticable. Skylab crewmen found it
almost impossible to satisfactorily rinse a soapy washrag. They discarded the
soapy rag and rinsed successively with clean rags. The rag squeezer would have
been more useful if it could have accommodated a towel.

The esthetic benefit of the shower was hardly worth its operational nui-
sance. Water management during showering was satisfactory but the collection
of loose water afterwards was a tedious time consuming task. The shower and
general view of the waste management compartmen. are shown on fig. 11 (refs.

27 and 29).
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og 11 .- Shower and waste management compartment
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Housekeeping is an aspect e fligh little
engineering attenticn, pr bably aspect ¢ on Earth
is taken for cranted. Ehw"“n‘:'HNLQmwb“PMri;?Frefﬂi*FWM'fmmi
to be as difficult and time consumi : . on Earth. Fortunately, the
Skylab crews appreciated that could arise from sloppy
housekeeping and discipli taut ship.

Temporary trash recept: at points of high trash produc-
tion. Almost all articles tn some type of disposable
package. As the articles lates 1r er -, trash cannd t
be left lying around awail Fach item of trash must be
placed in a receptacle &

Fig. 12 illustrates how jebris migrated * tb: screens of the air collec=

tors, Fieces 01 1onse ‘racaers, tepe, and other de oris eventually

4 - ]
arrived at the filters. Filters should he readily accessible for retrieva oT

r replacement.

lost articles and for frec gent cleaning
1

nust be stowed with apyreciation for the lack of gravity.

Small article Ve : i 1 BY,
Small articles are well packed for launch but after they are unpacked in orbit
are aften nc longer preperly i'es rained when pat bauck into stowage lockers.
When a locker is opened Lo ges an ar icle, all the other small articles float
out. Articles placed in drawers #ten float about haphazardly and lwas the

drawver.
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Figure 12.- Debris on air collecter screens.

Provisions to aid stowage jocation are necessary. Many stowage lockers
were aboard Skylab and many of them looked alike (fig- 12). Because many lock=-
ers were switched around at the last minute, the jdentification numbers were
out of sequence and location gave little clue to the cortents. The ground knew
where everything was at launch but after the verious crews had switched arti-
cles to more convenient 1locations, both the ground technicians and crewmen lost
track of many articles. A great deal cf time was washed 1ooking for lost
articles.

Sleep stations require provisions for "hanging" clothing at night. Skylab
crewmen resorted to stuffing clothing taken off at night or not needed during
the day into or under any handy piece of equipment in and around the sleep
stations.

Skylab did not develop unpleasant odors despite the inevitable spills dur-
tng food preparation and minor accidents during urine and feces processing.

The low ambient humidity may heve ~ontributed to this condition by speeding the
drying of spills, but the rigorous cleaning by the crews Was probably responsi-
ble (refs. 30, 31, and 32).
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Figure 13.- Stowage locker location.

Communication Within the Spacecraft

Voice communication between crewmen in Skylaoc was not entirely satisfac-
torily, principally because of the poor impedance matci of the human voice and
ear in the low-density atmosphere. The crewmen soon gave up trying to converse
when separat:d by more than several meters (ref. 33).

Of f=Duty Activity Fquipment
Books, tape decks and individual players, and several types cf games were
stowed aboard Skylab as recreational ~r entertsinment equipment. With the ex-
ception of the tape players, fev were used. The crewmen made little or no uge
of competitive type games. Whatever the exrlanation, there ppears to be 1lit-

tle reason to stock spacecraft with checkers, chessmen, or playing cards. The

sl

darts were aerodynamically instable ir the 345 x 10° N/m" (5 psia) atmosphere
of Skylab.

“he wardroom window provided one of' the more important means of relaxatiorn.
Mos* of the time, the Earth was in view. The crewmen rever seemed to tire of
the view. On some occasions, the casual viewing of Earth by a crewman was the
means of serendipitous discovery.

recreation, however, the crews found exercise provided a
relaxation (ref. 3L),

The bicycle ergometer was not pla~ed onbaor: Ekylab in the interest of

ignificant degree of

i
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GENE™ AL OBSERVATIOWNS

When preparing and conducting and evaluating the results of Experiment
MU8T7, several editorial observations were made of Skylab man/machine engineer-
ing that may be useful to designers of future spacecraft.

Operational Importance of Habitability Provisi~us

Habitability provisions in spacecraft are often thought of only as a con-
tribution to comfort and convenience, to be measured only in esthetic terms.
But in the experience of Skylab, the contributions could be measured as in-
flight man-hours made available to productive operation.

Skylab crewmen spent one half of their waking hours in activities vhere
habitability provisions had a significant effect upon the time required to
carry out individual tasks. There were many inetances where slightly more -u-
phisticated equipment or accommodations would have suved worthwhile time.

Less than optimm habitability provisions are not difficult to discern and
correct, but spacecraft development finds it difficult to accept corrections
that are not sponsored by one of the classic engineering disciplines. Unfortu-
nately habitability engineering is not regarded as one of those disciplines.

Spacecraf’ Architecture

The architecture of Earth-based facilities reflects in many ways the nom-
inal posture of people. It can be expected that the architecture of spacecraft
will likewize reflect the nominal posture of the crewmen. It is important at
the outset of design to establish the anominal posture of crewmen with respect
to one another and to the spacecraft.

Since the Earth's gravity undoubtedly had much to do with man's adoption
of the erect posture as a matter of mechanical convenience, it may be presumed
that upon being freed of the gravitational field man would resort to other pos-
tures. Such may often be the ceca tut the body has evolved so suitably to the
erect posture that even vhen free cf a gravitational field men will find most
of their deily activities more conveniently carried out when they maintain
their accustomed relationship to the floor, wall. ceiling, and eye-to-eye and
toe-to-toe relationship with othei mer.

The arms and hands are so important to operationul and experimental tasks
that mobility and restraint incidental to the principal tasks at hand should be
relegated to the lower body, legs, and feet. Mechanical aids to that end cer-
tainly can be made less camplex if translation is nominally planar, especially
if all crewvmen can employ the same surface to act against. Additionally, the
tactile sense and dexterity of the foot is so much less than tke hand that it
is prudent to select one wall of habitable compartments to be trod upon, meking
the other five available for relatively delicate equipnent.
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People communicate better vhen they are face to face and right side up.
Thev recognize visual symbols best when viewed from right side up and get in
their own light less when light shines from above. The only way to achieve
those relationships between crewmen is to have all crewmen "stand" on a "floor"
and place the lights in the "ceiling."

Controls and manually operated devices are designed to suit the articu-
lation mechanics of the body. Devices are difficult to operate unless they
are right side up. Eyes can scan and hands can reach a much greater swath
when the head, trunk, and legs twist side to side rather than bend forward and
backwvard. Mutual overlap of scan and reach swath of crewmen is greatest vhen
2ll crewmen are erect to a given plane.

These arguments are not intended as an effort to prevent ~rewmen in gzero g
situations from assuming whatever posture or attitude seems most appropriate to
the circumstances; but mobility and restraint aids, tactile senses of the hand
and feet, visual recognition, lighting, person-to~-person communication, and the
articulation character of the human body suggest that the architecture and ap-
pointments of spacecraft should presume thet crewmen will go about their nomi-
nal duties more or less erect to a common "floor." There may be vowerful psy-
chological reasons to maintain some semblance of the accustomed Earth-iike
orientation, but the engineering reasons alone suffice.

Mobility and Restraint as a Spacecraft System

Ever since EVA during Gemini flights called attention to the kinesthetic
problems of zero g mobility and restraint, it has been apparent that zero g
space flight requires the development of an engineering rationale to deal as
rigorously with crewman mobility end restraint as with the mechanics of other
space flight systems. Nevertheless, mobility and restraint of the crewmen were
not afforded the same degree of engineering attention as other dynamic and kine-
matic systems in Skylab, probably because the designers were misled by the ap-
parent ease with which the astronauts handled themselves in the ccnfines of the
Apollo spacecraft.

The few rigorous, end-to-end, analyticsal or experimental simulations that
were performed dealt with the operation of particular experiments. Few simula-
tions deelt with mobility and restraint considecations for rovtine activities
or sought to Jdevelop uniform procedures and mechanical aids. As a result, Sky-

lab contained all kinds of restraint devices and mobility uids, some worked and
some were useless.

Testing Habitabiliiy Equipment
Had it rot been for the Skylab Medicel Equipment Altitude Test (SMEAT),

some habitability equipment would not have been found faulty until too late to
correct. Principally, SMEAT was not intende@ to test habitability equipment.
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In the covrse of living 56 days in a grounc .ased simulator, outfitted mostly
with Skylab gear, three crewmen suvjected much of the habitability equipment to
the only functional test it received or would receive before flight.

Habitability equipment received more or less the same develorment and com—
ponent tests as did other Skylub equipment but functional tests of the man/
machine intertace often were cverlooked. When the man/machine interface was
tested, the tests seldom reflected the vagaries of human performance.
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APPENDIX A
SKYLAB CREWMEN BIOGRAPHICAL DATA

Skyladb 2 Crew

Commander (CDR) Charles Conrad, Jr.- Captain, USN born June 2, 1930;
height, 1.69 meters (5 feet, 6.5 inches); weight, 62.6 kilograms (138 pounds).
He received a B.Sc. degree in Aeronautical engineering from Princeton Uni-

versity in 1953 and became a naval aviator soon after. He attended the Navy
Test Pilot School and was assigned as a project test pilot.

Capt. Conrad was selected as an astroraut by NASA in 1962. In 1965, he
served as pilot of Gemini V; in 1966, he was commander of Gemini XI; and, in
1969 he commanded Apollo 12, man's second lunar landing mission. He completed
three space flights for a total of 506 hours and 48 minutes in space.

Science Pilot (SPT) Joseph P. Kerwin.- Commander, MC, USN born, Feb. 19,
1932; height, 1.83 meters (6 feet); weight, 77.1 kilograms (170 pounds).

He received a B.A. degree in philosophy from Holy Cross in 1953 and re-
ceived a doctor of medicine degree from Northwestern University Medical School
in 1957. He completed his intermshop at District of Columbia General Hospital
and attended the U.S. Navy School cf Aviation Medicine. Comdr. Kerwin served
2 years as flight surgeon with the Marine Corps, and became a pilot in .362.
He then became flight surgeon for Fighter Squadron 101 and subsequently served
as staff flight surgeon for Air Wing U at ihe Naval Air Station Cecil Field,
Fla. He was selected as a scientist astronaut by NASA in 1965.

Pilot (PLT) Paul J. Weitz (Commander, USN) Born: July 25, 1932; height:
1.78 meters (5 feet, 10 inches); weight: 81.6 kilograms (180 pounds).

He received a bachelor of science in aeronautical engineering from Penn-
sylvania State University in 1954 and a master's degree in aeronautical engi-
neering from the U.S. Naval Postgraduate School in 196k.

Comdr. Weitz received his commission as an ensign in 1954 and completed
his flight training in 1956. From 1956 to 1964 he served at the Naval Air Sta-
tions at Jacksonville, Fla.; China Lake, Calif.; and, the Naval Air Station
¥Whidbey, Wash. He has logged more than 3700 hours of aircraft flying time.

He was selected as an astronaut by NASA in 1966. He served as a member
of the astronaut support crew for Apollo 12.
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Skylab 3 Crew

Commander (CDR) Alan L. Bean (Captain, USN) Born: Mar. 15, 1932; height:
1.75 meters (5 feet, 9 1/2 inches); weight: T0.3 kilograms (155 pounds).

He received a bachelor of science degree in aeronautical engineering from
University of Texas in 1955. Comdr. Bean was commissioned upon graduation.
After completing flight training he was assigned to the Naval Air Station in
Jacksonville, Fla. for 4 years. He attended the Navy Test Pilot School at
Patuxent, River, Md., and upon graduation he was assigned as a test pilot. Ie
has flown 27 types of military aircraft and logged more than 4400 hours of
flying time.

He was selected as an astronaut by NASA in 1963. He servei as bdbackup
command pilot for Gemini X and backup lunar module pilot for Apollo 9. BHe was
lunar module pilot for Apollo 12.

Science Pilot Owen K. Garriott, Ph. D.- Born, Nov. 22, 1930; height: 1.75
meters (S feet 9 inches); weight: 63.5 kg (140 pounds).

He received a bachelor of science degree in electrical engineering from
University of Oklahoma in 1953, and a master of science degree and a doctorate
in electrical engineering from Stanford University in 1957 and 1960, respect-
ively.

Dr. Garriott taught ~lectronics, electromagnetic theory, and ionospheric
physics in the Department of Electrical Engineering at Stanford University.
He perfc.med research in ionospheric physics and has authored and co-authorea
more than 25 scientific papers and one book in that area.

He was selected as an astronaut by NASA in 1965, and has since completed
a course in flight training at Williams Air Force Base, Ariz. He has logged
more than 1600 hours of flying time. In addition to NASA ratings, he maintains
FAA commercial pilot and flight instructor certification.

Pilot (PLT) Jack R. Lousma (Major, USMC) Born: Feb. 29, 1936; height:
1.83 meters (6 feet); weight: 83.9 kilograms (185 pounds).

He received a bachelor of science degree in electrical engineering from
University of Michigan in 195G and a degree of aeronautical engineer from the
U.S. Naval Postgraduate School in 1965.

Maj. Lousma was commissioned in the Marine Corps in 1959 and received his
wings in 1960. He was assigned to the 2nd Marine Air Wing, and later with the
1st Marine Air Wing at Iwakuni, Japan. He was a reconnaissance pilot with 2nd
Marine Air Wing before coming to NASA. He has logged 2600 hours of flight time.

He was selected as an astronaut by NASA in 1966. He served as a member of
the astronaut support crews for Apollo 9, 10, and 13 missions.

Lo



oy

Skylad bk Crew

Commander (CDR) Gerald P. Carr (Iieutenant Colonel, USMC) Born: Aug. 22,
1932; l;eight: 1.75 meters (5 feet, 9 inches); weight: 70.3 kilograms (155
pounds ).

He received a bachelor of science degree in mechanical engineering from
University of Southern California, a bachelor of science degree in aeronautical
engineering from the U.S. Rsval Postgraduate Scheol in 1961, and a master of
science degree in aeronautical engineering from Princeton University in 1962.

Lt. Col. Carr wvas commissioned in the Marine Corps in 195k4. After receiv-
ing his flight training, he was assigned to Marine All Weather Fighter Squadron
114. After postgraduate training, he served with Marine All-Weather Fighter
Squadron 112 in the United States and Far East. When informed of his selection
for astronaut training, he was assigned tc the Test Directors Section, Marine
Air Control Squadron 3. He has logged more than 3100 hours of flying time.

He was selected as an astronaut by NASA in 1966. He served as a member of
the astronaut support crews for Apollo 8 and 12 and wes involved in the devel-
opment and testing of the lunar roving vehicle.

Science Pilot (SPT) Edward G. Gibson (PhD) Born: Nov. 8, 1936; height:
1.75 meters (5 feet, 9 inches); weight: 72.6 kilograms (160 pounds).

He received a bachelor of science degree in engineering from University of
Rochester in 1959; a master of science degree in engineering from California
Institute of Technology in 1960; and a doctorate in engineering from California
Institute of Technology in 196A4.

Dr. Gibson was a research assistant studying in the fields of jet propul-
sion and classical physics. His technical publications were in the fields of
plasma physics. He was senior research scientist with the Applied Research
Laboratories of Philco Corporation from June 1964 until coming to NASA.

He was selected as an astronaut by NASA in 1965. He c-mpleted his flight
training at Williams Air Force Base, Ariz., and earned his Air Force wings. He
has logged 1500 hours of flying time. He served as a member of the astronaut
support crew for Apollo 12.

Pilot (PLT) William R. Pogue (Lieutenant Colonel, USAF) Born: Jan. 23,
1930; l)xeight: 1.75 meters (S5 feet, 9 inches); weight: 73.9 kilograms (163
pounds ).

He received a bachelor of science degree in education from Oklahoma Bap-

tist University in 1951 and a master of science degree in mathematics from Okla-
homa State University in 1960.
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Lt. Col. Pogue received his commission in the Air Force in 1952. While
serving with the 5th Air Force during the Korean conflict in 1953 and 1954, he
flew 43 combat missions. From 1955 to 1957, he was & member of the USAF Thun-
derbirds.

He was a mathematics instructor at the Air Force Acalemy from 1960 to 1963.
In 1965 he completed a 2-year tour as test pilot with the British Ministry of
Aviation. He has flown more than 50 types and models of American and British
aircraft, and is qualified as a civilian flight instructor. He has logged
4,400 hours of flying time.

He was selected as an astronaut by NASA in 1966. He served as a member
of the astronaut support crews for Apollo 7, 11, and 1k missions.
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AFPPENDIX B
EXPERIMENT ML87 INSTRUMENTS

Instruments for measuring habitability parameters were provided for =xper-
iment M8T. F periment instruments, were augmenied by operational equipment,
and used to obtain quaatitative data at specific locations within the space-
craft. The instruments carried onboard Skylab principally for use experiment
M487, and were: '

1. Velometer: A pcrtable instrument for measuring air velocity (fig.
B-1).

2. Measuring tape: * conventional tlex tape graduated in inches (fig.
B-2).

3. Sound level meter: A portable instrument for measuring sound pressure
levels (fig. B-3).

4. Frequency analyzer: A portable instrument for analyzing the soumnd
spectrum (fig. B-3).

S. Ambient-air thermometers: A portable instrument for measuring air
temperatures (fig. B-U4).

6. Digital thermometer: A portable instrument foi' measuring surface
temperatures (fig. B-5).

7. Force Gage: A portable spring balance for measuring push/pull forces
required to operate various equipment (fig. R-6).

6. Equipment containers (fig. B-T): See table B-1 for instrument func-
tions and display characteristics.
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Figure B-T.- Equipment containers.

TABLE B-I. - INSTRUMENT FUNCTIONS AND

DISPLAY CHARACTERISTICS
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APPENDIX C

COMPARTMENT SIZES AND COLOR SCHEMES

Skylab compartment volumes are contained in table C-I. Colors used in
crew quarters and for cammon surfaces throughout the workshop are identified
in table C-II.
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TABLE C-II. -~ COLORS FOR CREW QUARTERS AND
COMMON VISIBLE SURFACES

Ivem Colow It Caler
J | Samen._visihie surfaces:
Tlesr and eoiling grid Yellew Cummmicetion bemse: Off-white (Micaten)
! and beems; plonem Lattering Aeck
tovey Ensbe Creg
t Switches Ratin chrome
- Conparwnsat walls Gold
Pire estinguishers L}
nanagemeat
] Iasrgeacy ceatrels: Striped yellew/vlack
Cadling Clear Punel locetisa Bod outline
Floer Medetan
- Lachere Light Blwe Comtrel/displey pamels
Mocal/urine esllecter Clear Fares Oft-white (Micates)
Waste precesser Clear lettering Nack
Cantrel kmobs Nack
[Vardrees: Tegule owitshes Satia chrome
Seft done Satgral Inatrwnsat faces Slask with white
- = Leckers Gold, red-tam, lettering
- - off-whita Indicator Besels Gray
Tuble Offouhite and cleer
Rectrical owtieta:
. Steep compartaest: Teility Gold smodised
Lockers Seld Televiaion Gold emetiaed
. Sleep restruists Setwral Switches Satwrel metallic
X Privecy curteins Setwral Lattering Blnch
Privacy partition Sold Seceglacle Satwral metallle
Individua) erew oguipmwwt istereal moblility alds
- coler code: Snadhelds/hendreils Dark blwe
Crewmaa 1 hoe {f1med and portedle)
Crewnen 2 Oft-white oot restraists Dark Slwe
Crowman 3 Dart e Polyenide parts Srown (netural)
Bnergency repair kit Ned Yacwum valwes:
Biacx
[Tonl kit Crg Direction lettering Rack
Gold amodised
Yeatilstion contrcl aystem:
Jects (hare! Light yellow
Diffwsers Yellow or light
2 yellew
Texidle ducts Setwrwl
|Structure walls Lt yellow
| Containers oft-white

“tolor fiatsh (Pedersl steadart maher): yellow (33538), Slee (15123), red (1L1C3Y, Bleck (3TOR),
oftf-whive (17806), gray (22N, light yellow (YI855).
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