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FOREWORD

This final report for an STS Mission Duration Enhancement Study

(Orbiter Habitability) is submitted by Rockwell International Corporation N
through its Space S&stems»Grcup to -NASA's Lyndon B.” Johnson Sbécé_téﬁfg;~_ﬂumww*"—_”"Mﬂ-m‘- . .
in response to DRL Humber T-1559 Line Item Nos. 3, 4, and 5 of Contract

NAS 9-15903 dated June 15, 1979. ’ ;

This report was prepared by A. Dean Carlson, Study Manager of Advanced 3
Systems of the Shuttle Orbiter Division with contributions from . C. Johnson, ‘
Consultant, Ken Henn, Rich Demers, Tom Healy and frank Chapel. _“
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I. [INTRGDUCTIOH -

When the Space Shuttle becomes operational in the 1980's, it will

provide routine manned :peration in low-earth orbits. The initial capability

will be for missions of about seven déyéT"dﬁrét{oﬁj--fxtéﬁﬁingfthe mission
duration would provide, at the earliest possible"time and for a relatively
low investment cost, 3 space platform that could support a wide variety of

missions and dttract an increasi

ng number of users.
Stﬁdies ér;A;ow u;;;;;éy concerning a power extension package (PEP)
for 3augmenting the orbiter's electrical power system to support mission
durations in excess of seven days. !MMission cost éffectiveness can be
significantly improved if mission duration is extended at small ngght and
cost incréases;'_Rbékwell studies have shown that the cost per day on-orbit
can be sharply reduced, provided the penalties in kit weight, volume, and
cost are not excessive. A primary issue in extending the on-orbit staytime
of the orbiter vehicle is to reduce the use of consumables. Many subsystem
options are available for providing this capability, each having a different
weight, cost, or yo]ume penélty. A major concern in accomplishing extended
duration missions is the effectiveness of the crew in performing their tasks.
The habitability considerations and those improvements which are implemented
#ill have a signifiﬁant effect on this new operational capability.

A key issue of this study was the analysis and definition of improve-
ments in habitability which can be recommended for implementation in steps
to supply timely support of mission needs. Each step can provide develop-

ments which can be used in subsequent steps and can reduce costs. A major

-1-
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part of the aqa!ys{s was to identify improvements and establish approaches
by which the most effective of these can be implemented.

The objective of this study was to investigate méans of enﬁégcing the
orbiter's habitability and to provide a suitable environment for longer
duration and/or larger crew.

Rockwell's Shuttle Orbiter Division conducted the STS Mission Duration
Enhancement Study (Orbiter Habitability) in compliance with the contract
statement of work. Rockwell conducted the study at its Downey facility under-
the direction of M. W. Jack Bell, Director, Advanced Systems (AS). Mr. Carlson
directed-the technical tasksand controlled the resources of the study. He
was assisted in this contract by C. C. Johnson, a consultant who is retired
from NASA/JSC and lives in the Houston area. |

The following section presents the technical plan whichk describes what
was done on each task of the contract and how we accomplished each of the .

tasks. A schedule is présénted showing the time phasing of each task and

the major outputs.

[I. TECHNICAL PLAN

This study was divided jnto four tasks. In the following paragraphs,
the purpose of the task is presented and the technical approach describes
how the work was done and what the end products were. A schedule is also
prééented showing the task start and completion times, schedule interrelation-

ships and key milestones.
TASK 1 - MID-DECK HABITABILITY IMPROVEMENTS

The purpose of this task was to investigate and develop concepts for

S0079-0321
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improving the habitability of the orbiter mid-deck for Flights 2 through 4 with ;
a two-person crew. This resulted in recommendations that €an be implemented ?
without major revisions to the orbiter and can be accomplished in a relatively 1

short time at a Jow cost w

ithout impacting the Orbital Flight Test Program
Schedule.

- The habitability ihprbvement concepts deigiobé& dﬁd;f this task was

evaluated to determine relative benefit produced, weight, and schedule impact.
This evaluation provided the basis for prioritizing toncept implementation.

The major effort of Consultant, C. C. Johnson, was- (1) Review of

existing design concepts, RID's and Crew station reviews (2) Review of Shuttle

Mission Trainer and crew module improvements with astronauts (3) Definition of

concepts for improvements. This resulted in recommendations that can be

implemented without major revisions to the orbiter and can be accomplished in

a relatively short t?melgt“q Tow cost without impacting the Orbitai Flight

Test Program schedule.

TASK 2 - DEFINITION OF HABITABILITY TERMS

bkl bt A

The purpose of this task was first to investigate past studies and
investigations, for use of terms that have been used to deal with volumetric

requirements for crew size versus mission duration. wWe then established

Lt

cefinitions and terms for use_as-a-baseline—for-future-studies 3ng investi-

gations.

il fod sk

The technical approach was to define key terms such as habitable volume,

LU o]
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acceptable performance limit, and minimum tolerance limit and describe the
volume areas béfween ihé lfﬁits and below the minimum tolerance liﬁ}il Graphs-
were made to establish a common requirement per man c¢f volume versus duration
for minimum and acceptable habitable conditions.

TASK 3 - INCREASED DURATION CONCEPTS

The purpose of this task was to investigate and_develop concepts_ for _
increasing the habitability and duration for cperaticnal flighte with four
or more crex members. This resulted 1n design concepts with estimates of
enhancement to be achieved, the delta stowage voiume, the number of sleep
stations, and-increased weight., -— - -

The technical approach was to prepare preliminary concepts and descrip-
tions to increase duration, habitability and crew size by two basic approaches.
The first was to move the airlock into the payload bay and use the available
space for storége and/or slgeg;statipn§.<_The seccnd was to expand the size —
of the tunnel acapter also for stowace and/or sleep stations, the stowage
volume, weight and crew duration was calculated to determine the estimated

impact to the orbiter.
TASK 4 - MID-DECK GENERAL ARRANGEMENT DRAWIN

The purpose of this task was to produce an accurately dimensioned

interior arrangement drawing of the orbiter mid-deck and the Kknown major

VIR RS PPN

T JRVE] IO

[ITTLIONN 5N

elements Jocated there. This drawing will be used as a baseline for assess-
mont of future change% of habitability improveﬁents. Ho drawfng such as this
existed before.

The approach was to first,pull key existirg producticn drawings 2ang
layouts to determine primary and secondary structure and the major elements.

The final irterior arrangement drawing that was produced,is a three-view

-4-
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drawing (J size. 36 inches by roll) to quarter-scale with views and sections of __

unique installations thét will show the cenfiguration for Flight 5, OV-102 with

- -accurate dimensions and all applicable assembly drawings referenced. It contains

primary and secondary structure, mid-deck avionic bays, major stowage areas,
airlock, waste management area, structural hardpoints, and other major elements
that could impact future changes tg_the mid-deck, and be capable of use for —. - -
futu}e stud%és. Rockwell prepared a full size reproductible draying and a

half size reproductible that includes the above, plus galley, bunks, and

stowage lockers.

SCHEDULE - - e —

The schedule is shown in Figure 1. The study contract was for six months

with go-ahead on June 15, 1979. -

S0D79-0321
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D, M{0-0ECH HABITABILITY [MPRC:ZJENTS -

_After ccnsidering what could have the maximum effect on habitabflity
without major changes, the activity concentrated on improvements in procedures

N

and hardware that would reduce the interference of daily living . hores with

mission objectives. -

Habitability provisions are oftennéhought of only a; contribulicts to
crew comfort and convenience, but Skylab experience showed that the ;ffect
of habitability improvement couic ce measured as opn-orbit man-hours made
available to Orbiter or Payload opcrations. A great deal of time is requirved
by routine, déily Tiving -hores such as unsiowing equipment and setting up
"shop" after arriving on-orbit, meal preparation and persongl hygiene. Scme

of the ways to reduce the time regquired by these chsres is to continue “walk-

throughs” in the ore-G trainer in the areas of "routine” housekeeping so

that small shortcomings in proéedufés:;re-diécovered and rectitied before
flight., Assigning housexeeping tasxs ahead of time tc the crew, and training
until procedures are streamlined, w%ll speed up these time consuming guties,

The mid-deck baseline on-orbit arrangement pefore the q:lley is
installed is shown in Figure 2.

A great deal of on-orbit time could also be saved by launching as many
items as possible in their on-orbit use positions. This wouid include the
water dispenser, food warmer, sleeping bags, clothing, pevsanal gear, and
trash bags. For example: [t took 8-10 minuies 0 remove the water dis-
penser (GFE) from its stowage locker, install it, and hcok-up the hoses, ctc..
on a preliminary walk-through. [t has been determined that ihe existing
watér dispenser bracket and mounting is strong enoucgh for launch and recovery

but the attaching straps need buckles instead of velcro and the water valves

.7-
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and hoses need positive restraints. Also, the water hose needs to be longer.

The food warmer instatled on the front of a locker when on-ovbit, overlaps
several other lockers making access to them difficult, without relocating the

food warmer temporarvily. The food warmer also overlaps the same space as the

sleeping bags necessitating relocating the tood warmer to a different location

to install the sleeping bag. A recommended food preparvatic: -layout-{pre=-

galley) is shown in Figure 3.

Relocating the sleeping bays tore and aft of the OF1 on the fi;st four
flights would give wore privacy and allow the sleeping bags t; be launched
apd recoverad_in position.instead-of mounting them on the stowage lockers and
having to take them down and put them up evervday.

The existing baseline sleep station for carly tlights is shown in
Figure 4 and the recommended arranaoment s shown in Figqure 5. Note the use
of "soft" fabric lockers for pcr§ona!wgcar. and the lack of sleeping bagé?
The temperature of the crew cabin will allow them to sleep in their clothes
for thermal comfort, if they desirve. The recommended slieep restraints are
shown in Fiqure 6.

Figure 7 shows an alternate sleeping station arrangement for sleeping

up Lo four on post-DF1 riights. This arrancement has an acoustic and Tight

shield, sleep restraints and soft lockers tor personal gear, lights and

ventilation ducts. This concept of "half sleep stations™ would allow
unimpeded access to floor storage, which is very difficult now with the
horizont;I baseline sleep station. An alternative c;nccpt showinag three
vertical sleep stations was also produced, tut is not shown in the enclosed
tiqures.

Figure 8 shows the window shade stowdqe and seat stowage tor four seats
for the vertical sleeping arrqucnmnts. This seat stowage would provide an

-a-

- s mve s S g g i R 1S £



/ ! _ N 4 y
’ ! ! ¢ T : ! . ’ w
¢ i 1 '
'
/ [
L Lty S 4 '

@1\4_.\ Ao e b A i e T o i S L e AL it A A S R i

a ’ ' 3
. - \ WP o e ma - - i » .
. e B Sl Iy sgrs e eme v Hade it Rty el . 4 -

' A
1N0AY NOILvydvd3y{ Qoo Q3ANIHI003Y AITVG-34d - ¢ 914

Rockwell
Internationat

= |
:
SR
A
¢ m
|
(39914 ¥3L¥1 33S)  "SNDIQ HIIMLIG
0L 31¥0013¥ *S¥ILII4 any S3avHS (B)
) , : |
X "NLIS NI HONNYY "9y Hsvyl aay (B) Jw
o : "NOILY207 .
: LNIINIANOD 340 OL 3AGW “ShvdL aood ® T
M ] "NLIS NI LIND 3YIINI HONAY] #
: ONY 3SOH NIHIONIT ‘¥3SN3dsIa ¥itvw @) [
W “ LIS NI

HONAYY ONY 31¥0073¥  *¥3wyvn 0003 (D)

cCNANTYe. ..



I
h
i
i
f
5
b -
o
g .
N i
ro
i f
i
)
¢
3
g

Rockwell
International

N

Shuttle Orbiter Division

Space Systems Group

|

| INFEONVISY NOLLYLS 43375 *LHOITY 4] NITASVE - b 3ol

, amva 01 1sneey ol HJ:uHmch ]
onp<hm 1¥0d 1¥ 32¥dS 1004 _zmHuHmm:mZH _o
. 178¥0-NO ATIvQ MOLS3Y oz< MOLSNN "o \\\\\\\\\

"SINIVYLS3Y d337S 0T7104Y

50079-0321

-11-



t

B e e O SR LRI T EER RS A AT

o v e —

e g e P TIPS

L\ Joae
I

1404100 TYHY3HL Y04
. 9NIHLI0TD NI 433718

50079-0321

Shuttie Orbiter Division
Space Systems Group

_
1900 NOILYTILNIA

| LH917

704LH0D NOILYTILNIA
QMY LH9IT 404 NIVLYND D1yeyd

: (34n914
¥3LYT 335)  CNLIS HI HONAY]
*I9YMOLS TWHOSYId HO4 SHOTSIAOYM
HLIM INIV¥LSIY 93375 ILVNYILIY

140

HIONAYT  "¥Y39 TYNOSYH3d . w

| 404 SYINI0T D1YAYS *. 1408, _ ,
QIYIADIY IWNIOA ¥IND0T \ .
WNOILIOOY 41 “¥INI0T W1¥OHS. (D) © DT \ —

-12-

‘nLLs 1 VOE.



e ——

Arpraen e oo

Rockweil
International

n

Shuttie Orbiter Division
Space Systems Group

~

Here mpmosemins o

_ (SHOISSI) Th) SINIVHLS3Y d33°G QIAMIMOIY - § 3unol 4

1¥04H0D THYIHL 404
ONINI0TD NI d331S
: NI L2

J9¥YMOLS 30HS h:mzmqo.lllll1

v

r ONILINOK Y04 SLINWIOYY ———

0333700
" 2149v3 “0¥d kY04 QI91¥-1v3S

SdvyLS IHIvY1S3IY

09

JIYMOLS SHILT TYHOSYId

Y4NS 13AUND B0 Ly 4|
LSNIYOY 3991y 38 AWK

-13-

S0D079-0321

p— _



-

Rockwell
International

Shuttle Orbiter Division
Space Systems Group

D o D s o T T et

?

¥

\

?

39Y¥01S 40074 OL
$$300v Q3QIIWINA

gl.l.t!..:-!!:x......:l:)..;.:....ﬂ;:.:.,.. o e

(3”914 ¥3Ly1 338)
; JQYHS MOGNIM

: 1I0@ NOTLYTILNIA *
911

"NLIS NI HONAYY  "dv39 ¥NOS¥3d
404 SH3INJ0T JIT¥gvd 4 L1408,

‘NLIS NI

HONAYT  "LNIVYLS3Y d337S «

“OLIS NI HINNYT

*73IHS LHOIT ONY D11SNOJY (L.

N

oo

(343078 AVILyvd
SS3JIV AYYANQIIS

-14-

S0D79-0321




Shuttie Orbiter Division
Space Systems Group ’l‘lﬂod(weﬂ }

)

|
*S1YIS YIUNISSYd A8 QINI070 AT1IL37TdWOD

NY SYILTLS NV SIQVHS A8 Q3XD078
AVIVILYVA (ST HOLVH SSIDIY AMVANOIIS
_ 310N

. N\ AN NS .., ~ S ~ .
SO NN NN Y NSNS s

SUINIOT CUVANYLS (b))
(9 3 L ¥3LdY) Siy3S ¥INISSV4 (€)

SNOILYLS 43375 40
¥ITUUVE LHO1T ONY D11SRODV (2)

N30 149114 oL 3191SSIIIV
MOV " 31OVLI0IY 317 WL N
-NON ‘Q300vd N1 “NLIS NI -
HONOYY  "SYILTES ONY S3QVHS | 1)

.//

\

A

\
N[F q
— .V/.. — \
O m
,// . \
\, \
, h
®: m
~ \
N\ m
N 3
\
N\ N
w

NN

-~

S0D79-0321

oy i o



proctimivondll |\ Josao

alternate stowage location after the Text and Graphics and the GPS is

installed in stowage Volume "C". Relocating the window shades and filters

to a location nearer the flight deck (outboard portion of the R. H. inter-

deck hatch) would do two things. First, it would make them much more

accessible from the flight deck and, second, it would free-up space that

could be used for stowage or for other purposes. =~ - L

The vacuum shoe is shown in Figure 9 in its three configurations. The )

shoe has gotten increasingly'complicated and the need to return to the initial

design concept, with its reduced mass and bulk on the feet in zero-G, should

be considered. Storage space and weight will be greatly saved by the smaller
}ighter shoe.

The existing adjustable platform design for smailer crew members that
will be used on the flight deck takes up valuable stowage space and is quité
bulky. A new design, preferably built-in, that‘coyﬁd'be,léuncﬁéd in pdé%tion

flush with the flight deck, would be a better solution.

Some of the miscellaneous observations that have been collected during

the contract are as follows: Some items not intended as restraints or

handholds will be so used and probably damaged. There does not seem to be

any provisions for temporary storage of personal gear. It seems doubtful

that many items can be restowed once unpacked from the stowage lockers

because they are packed-in so tight. The menu also seems to emphasize a

great amount of items.of rehydratable food,where more “ready-to-eat" foods
might save time.

The use of a large patch of velcro on the crew's suit would also be a

great aid being able to temporarily stow items. This could be sewn to one of

S0B79-0321

'y

nras no

[TRTET POy PRI

b et et b s Attt 4

aae et & s1n s ot aD e b m

et e S 18

kAt e



E

iEaamtc Satunt 1 atace o E haln n T & T Do a ——— [ER T T T -

TTTTT
‘I!H!. Rockwell
Space Systems Group

Shuttie Orditer Division

e —— A -ty 0 bt 4t b

[T . e e e s v g S e 3 OIS A T S R S e

SNOYIINYQ ANV AAY3H AY¥3A ©
JAISS3IX3 LHII3H X230 0L 3DINY o

ON1d0OLS
MOTW LON TIM d3LSHI QI9NY e

30HS
WOLSNI STWINDIY 1NG IHOIIMLHOLIT .0

MOSHId NO 378YMOLS LON ONIJ00LS SMOTTY d3LSNI 3781X374

1ng 379YAOW3Y¥ 30TA30 WANJYA o

'

S13XJ0d S1NvVd NI
379YMOLS ONY 378YAOW3Y SdNJ WANJVA o

3dAL0L0Yd =

- S30HS AJ0LS o
© NOILWY3LI aNOJ3S

SNOYIONYQ
Y AAY3H o

9N1400LS
MOTY LON
11IM d3LSNT QI91Y o

NOSY¥3d NO 3718YMOLS LON
1ng 3718YAOW3Y 3ITA3C WNNJVA o

S30HS %00LS o
NOILVY3LT 1S¥Id

Q3ANIWN0J3Y |

S0D79-0321



Shuttie Orbiter Division "ll.lmx*unm
Space Systems Group intemational

the pockets on the pant leq or in anyplace it would work best for the-

“astronaut.

As a result of his analyses during the study, C. C. Johnson defined
several recommendations that pertain to this task.

A group needs to be set up to acquire and analyze flight experience
data on a continuing basis. Equipment and crew performance would be compiled
similar to the method used on the Skjléb program, othérwisé>£he ability to
incorporate experience of previous flights to future flights would be
seriously hampered.and timely incorporation of improvements would not occur.
This group would develop a “"habitability handbook" to use as a data base_for
nabitability technolagy. Another thing to be considered is to have the
capability to correct hardware deficiencies at KSC (and pos;ibly Vandenburg)
that will allow for habitability changes to be made without 3 lot of paper-

work and long-lead time approvals. The present System is time consuming and

expensive and would not allow for discovered deficiénciéé’to be rectified
before the next flight.

The training and w2ight procedures that pertain to habitability-and
daily living chores need to be periodicalty revised and updated to reflect
lessons learned in previous flights.

A study outside the mainstream design effort should also be done period-

ically, to recommend improvements for habitability of all the crew quarters

.in the orbiter. -
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Iv. DEFINITION OF HABITABILITY TERMS

Investigation into the major studies of habitability has revealed that
most original studies on habitable volume required/person were done in the

1960's. Most of the valid studies were performed by a small number of

from the original studies. Another factor is that other studies that deal
with long-term confinement or crew environment do not address volumetric

requirements of the crew in their investigation. The documents reviewed

are listed in Tables 3 and 4.
In previous studies of the habitability of space vehicles-and space
stations for long duration flight, each researcher used his own terms in

describing volume and all its variations. They all used ft3/person as the

required measure of volume, but terms used for volume are not ctonsistent nor,

in most cases, are the terms defined by-the investigators. Terms such as
minimum acceptance, tolerance and unacceptable have been used by the N
investigators to describe the lower Jevel of volume required per person, and
other terms such as free, living, optimal, acceptable, performance, tolerance,
and unacceptable have also been used.

It is also unclear how some of the researchers calculated the volume in
each investigatien, and uncertainty exists as to what was in the volume to
which they referred. Some listed the room or-c?psule d}mensions and the
ft3, implying that all major objects in the volume were not subtracted from
the volume, while others seemed to differentiate between work and “living"

space. All of the above discrepancies may account for some of the curves

being different when plotted against the same volume scale. Considering the

-19.
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different objectives, techniques calculations, and conclusions of the
researchers, it is surprising that some of the curves, especially at the
minimum tolerance level, are as close as they are.
Ce]entano(])’ (2) was the first one to study in depth the volumetric
requirements for habitability and maintenance of human performance in long
~ = - . —duration space missions that was reviewed.  He based his work mainly on -
experimental simulation in mockups of space cabins, and céme up with 3
~ turQes which are shown in Figure 10. His 3 curves were defined as ootimal,
performance, and tolerance.
Breeze(3) used a mathematical model to detérmine volume requirements
based on anthropometric data and suggested volume for various durations that

(4)

resulted in a curve shown on Figure 10. Davenport used an adaption of
this mathematical approach of Breeze, however, he hypothesized that the

volume requirements per person go up with the size of the crew as.well .as

duration. Davenport is the only one to address the body size percentile of
the astronauts, but used only 90th percentile in his calculations. His

(5), (6)

three cuvves are shown on Figure 10. Frazer examined more than 60
studies of operational and experimentally induced restrictive confinement
and graded the psychological and physiological impairment and came up with 3 _
curves shown on Figure 10, which he identified as unéfceptable,-tolerance,

(7) and Jenkins(g) have

and acceptable volumes. Curves generated by Price
not been included for reference because it is.not clear how they were derived.
The data from each researcher has been complied without modification and the
curves have been plotted against the same scale on Figure 10 and used the same
way for comparison. Also shown on Figure 10 are points showing Mercury,

Gemini, Apollo, Skylab, and points for rucleai sub and a death row cell for

reference.
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Usable standard descripti&e terms are needed for comparison and

evaluation for future design of space vehicles and-crew cabin changes and

impro@ements in the Space Shuttle Orbiter. In this task, existing terms and

definitions for volume have been sorted out to arrive at a terminclogy and

a descripti?e definition for each term for use in future analysis and

evaluations.

"DEFINITION OF TERMS ' o ;_ -
The terms that have been selected are as descriptiQe as possible for

each of the volumes to eliminate confusion. The terms selected and defined

are: habitable Qolume, acceptgble performance limit _and-minimum tolerance

Timit.

) Habitable Volume

Sometimes known as "free 901ume" or “liQing.Qolume“, "free volume" is
a nebﬁ]ous term that implies the Qo]ume of a]]-unuseg;spage, “This is
insufficient]y specific or descriptiQe for use in a space thic]e design.
Therefore, "habitable volume" has been selected for the required volume since T
it best describes the situation in a space vehicle. It means"to inhabit or
live. This habitable volume would be the volume used for eating, sleeping,

recreation, food preparation, waste management, personal hygiene, privacy,

and would include private, public, and service areas.

Working Qolume may or may not be habitable; if it is a specific,' v

dedicated work area such as a control.room, it will not be considered. If

it is a Qo]ume that could be utilized part time for other than work (dual use e

Qo]ume), it should be considered habitable Qo]ume. Habitable volume is that .

volume remaining after subtracting stowage, subsystem, furnishings and speci- -

fic work areas from the pressure volume.

G i
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Habitable volume does not include stowage areas, dedicated work areas,
air lock, subsystem areas, furnishings or areas tpat cannot be utilized. This
wou{a—ﬁﬁt include eﬁery "nook and cranny" but only those that would allow
maneuvering room for the crewf“ It is recommended thé; any volume which would
accept a 12 inch diameter sphere as a minimum be included. This is a volume
that at least a part of a body could be inserted into and used (i.e., head,
fooE,‘haqd){_.In applying this definition of habitable volume to .the orbiter
crew module, Table 1 shows the types of items considered inside and outside
the habitable volume. This would be the pressure volume of the crew module

less the Qo]ume of items in Table 1 which will result in the habitable

volume. - - S —_

Acceptable Performance Limit

This is the quantitati&e level of habitable volume shown on the graphs
(Figures 11 and 12) at which the crew will function effectively and effi-
ciently. At this level the crew can fulfill the performance requirements of
the assigned tasks and have negiigible or non-existent perceptual debrivation

effects.

Volume Between Acceptable Performance Limit and Minimum Tolerance Limit

This volume is the area shown on the graphs (Figures 11 and 12) between
minimum tolerance limit and acceptable performance limit. The édequacy of
this volume is éependent on motivation. In this Qolume the crew can perform
their functions with very little degradaticn in performance near the top of
the acceptable performance limit, but with decreasing capabilities of crew

performance as the minimum tolerance limit is approached.
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Minimum Tolerance Limit

- This is the quantitative level of habitabie volume ;hownAon the graphs
(Figures 11 and 12) at which a severe-penalty in crew perfcrmance is paid.
This limit is the bottom threshold of acceptance, especially of confinement

on a long-term mission.

_Below Minimum Tolerance Limit . - - -

This volume is the area shown on the graphs (Figuresll and 12) below the
minimum tolerance 1imit and is defined as not-acceptable except for very
short missions. Trying to function below the minimum tolerance Timit would
generally result in physical constraint, physiological debilitation and

psychological/social deterioration for personnel, and they probably cause a

great deal of friction, irritation, and possible claustrophobia.

VOLUME REQUIREMENTS

Figure 11 shows the volumetric fequirement curves derived ffom fﬁe;;;rk‘ o
of the previous investigators. The acceptable performance limit curve was
averaged from the Frazer "acceptable" curve, the Celentano “performance” e
curve and Breeze's curve. Celentano's "optimal" curve was not used since
it appears to be much in excess of acceptable performance requirements.

The minimum tolerance limit curve was averaged from Frazer's “tolerance"
curve, Celentano:s “tolerance"” curve, and all three of Davenport's curves.
[t is felt that these limits’provide a reasonable compromise of-all of the
more significant work that has been accomplished in tﬁe past. Frazer's
unacceptable curve was not included in the averaging because it was truly

"unacceptable”, instead of a minimum.

"In Figure 11 the logarithmic scale was chosen because it is easier to
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read for shorter duration missions (up to sixty days). In Figure 12 the
mission duration scale has been changed from a logarithmic scale to a linear
scale to make the graph easier to read for the longer missions (sixty to two
hundred days). When using the curves, the designer should gtrive to maintain
habitable volume for the crew in excess of the acceptable performance
limit. Falling into the adequate volume area of the curve will impose some
dég;édétgahﬁd;-iBé_c;ew‘Slaérformance. ) N

The habitable volume of the orbiter crew module shown in Figure 13
and Figure 14, was calculated and the volumes are shown in Table 2 and the

volume Timits of the flight deck and the mid-deck are shown on Figures 13

and 14 .
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V. INCREASED DURATION CONCEPTS

fh; objective of-fhis task (Task 3) was to find the most economical way
to increase the duration of the drbiter, as it pertains éo habitability.
The main elements to be studied in this tack was to find additiosal stowage
and two additicnal sleep stations to permit the sleeping of six crew personc

at the same time, instead of in shifts of three presently envisioned. The

Laseline sleep stations are three horizental sleep stations and provisions
for a vertical sleep station.

Figure 15 shows a graph of the stowage volume requirements with a four
person and a six person crew witn both LiOH and a representative Solid Amine
Water desorbed (SAWD) co? removal systems. With approximately 89 ft3 of
stowage volume for consumables and mission duration dependant,_it shows that
the stowage lockers are fu11 at appro: .mately 7 days with six crew persons and
tﬁat the four person crew,stowage runs out at approximately 15 days. This
indicates that one of the first "stepping stones" to longer duration, is to
provide more stowage. Table 5 shows the breakdown of the stowage volume
requirements for non-duration dependant volume and duration dependant volure.
Mission unique equipment such as cameras, film, experiment equipment or special
tools, need further definition to aliuw effective extrapolation for requirements.

Putting additional stowage in the baseline configured mid-deck would
reduce drastically the remaining hal.itable volu:= to gain any significant
voiume at all. The easiest way to get a lafbe increase in stowage space is
to move the airlock out of the mid-deck into the payload bay and use the
available space for stowage and/or sleeping stations.

Another way to cbtain more volume is to take the baseline tunnel adapter

and increase the length and/or the diameter to aliow stowage or sleap stations.
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AFT MID-DECK (AMB) CONCEPTS
The aft mid-deck (AMD) concepts were tried first and will be identified 3
- by an AMD number on the enclosed figures. )
In the following concepts, the use of this aft mid-deck volume does not

exceed the volume of the airlock and it's protrusions when in the mid-deck,

when possible, so as to not cut down on the amount of habitable volume of

the mid-deck when the crew is awake. The forward edge of the interdeck

- agEBSS hatches is at Xo 507 and this almost coincides with the forward
surface of the airlock, so this was selected as the forward surface of the
stowage lockers/sleep stations. Because the cefling is lower than the top
of the airlock, there is space above the ceiling that can be used when- the-- -
airlock is outside. This is very useful for sleeping vertical with tall (95
percentile) crew person and can be used for additional stowage in some con-
figurations shown. The space évéi1ab1e results in a cavity approximately 87
inches high, appkOximately 66 inches wide, and approximately 64 inches deep S
(%ore and aft) with a volume of approximately 213 ff3. This cavity is shown -

in Fiqure 16.

Special consideration was given to the Xo 576 bulkhead hatch movement

from closed to open. This hatch translates on parallel arms instead of
hinging like a trap door and uses less of the interior volume this way. The
encloseé concepts assume that all of the crew sleeps at the same time (no
shifts) and that the hatch wuuld be closed during sleeping hours. With the
hatch open or in use during sleeping hours, greatly reduces the use qf this

volume and would reduce approximately 25 ft3

of some of the most usable space.
In the figures discussed in the subsequent paragraphs, lockers on the

concz2pts arc generally shown with a cross hatched area to indicate the

stowage volume available. A 95 percentile (USAF) crew person is shown in most
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views of the sleep stations to indicate the maximum space needed for sleep
stations. With some exceptions, the dimensions of the sieep stations closely
match the ba§eline horizonta! sleep stations (30 wide x 26 front to back
and at least 77 long). The concepts were first workecd oui onﬁglé scale views
before reducing them to size in this report. The 1/8 scale views are
enclosed in Appendix A.

~—-~Table -6- -shews the- AMD. comparison. of concepts 1 through 5 showing delta
stowage volume, duration with a four and six person crew, weight and other
factors to compare them with eacﬁ other.

With the exception of Figures 17 and 23, the sleep stations are all
horizontal with the feet and lower legs protruding into the mid-deck area. o
This is not necessarily a disadvantage as the use of these sleep stations
indicate that all of the crew is sleeping at the same time and, thus, would
not reduce the usefulness or habitability of the mid-deck. Sleeping the
crew in front of the hatch, makes maximum use of this volume since it has to
be clear when the crew is awake,and they are going between the C/M and the
spacelab. This allows the space normally occupied by the hatch (open through
closed) to be used to the maximum.

Figures 17 and 18 (AMD-1) shows two vertical sleep stations with

approximately 88 ft3

of stowage lockers with some personal stowage opening
up into the sleep station. The retractable barrier would give a little more
privacy when the hatch is closed. This concept has the highest volume of
stowage versus weight of all the concepts in this study. The hatch would
have to remain closed during éleeping to provide room for the crew's feet.

A retractable curtain (or door) could be drawn across the opening to the

hatch to give even more privacy.
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Figure 19 (AMD-2) shows two permanent horizontal sleep stations located

3of stowage space with same personal

above the hatch with approximately 47 ft
stowage for the crew. The top lockers face down and the side lockers - —
opening inward. Privacy is quite good in this concept but a great deal of
stowage is lost to keep the sleep station permanent.

Figures 20 and 21 {AMD-3) shows two temﬁﬂrary sleep stations facing
inward-with—a vetractablé accordian curtain to give some privacy when
desired. This concept (and Figure 22) gives almost the same stowage capa-

© bility (approximately 100 ft3) as an all stowage concept. However, the

sleeping pads would have to be stored to use the lockers fully.

" Figure 22 {AMD-4) also shows two sleep stations, but these are fully

retractable with an accordian curtain to give some brivacy. This concept
also gives approximately 100 ft3 of storage space and.may prove to be one of
the more useful of all the concepts in regard to the maximum stowage.

Fiéure 23 (AMD-5) shows a variation of AMD-1 with the sleep stations

“miﬂmgmﬁmﬁgﬁaggﬁfq:rﬁj“jwﬁ

* ~ moved forward to allow the hatch to remain open while sleeping. Some privacy

and some stowage space is lost compared to AMofl but it is still a viable
3

ot

PO

concept with approximately 78 ft~ of stowage spacetv

EXPANDED TUNNEL ADAPTER (ETA) CONCEPTS

The second area of investigation was the use of an expanded tunnel

oA WL BAFINES ’Ir w
o " .

adapter in the payload bay. The baseline configuration is to keep the

airlock inside the C/M for all near-term flights, 'but to have the capability 3

o .

to put the airlock the aftside of the Xo 576 bulkhead or on top of the

tunnel adapter. The proposed PEP has to be taken in consideration along with % )
the existing tunnel and bellows, the airlock on top of the tunnel adapter, §
i
the MESA, PEP, and the MMU's on each side. The existing baseline tunnel }
42~ vé
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adapter weight is approximately 714 1bs., and is approximately 65 inches in
_diameter and 84 inches_long, with 52 inches_of that being a constant section.
This is shown in Figurec 24 and 25 .

—f;;.aiflock weighs approximately 1,000 1ts complete with kit, and is

can;i]evered off of the Xo 576 bulkhead both inside and outside the {/M.
When it is on top of the tunnel adapter for the third configuration;-it has

. two struts.going from the-airleck—to--the--Xo-576-bulkhead-to help support the
combined weight of the airlock and the tunnel adapter. The existing combined
conf{gu}ation of tunnel adapter and airlack weighs approximately 1,750 1bs.
complete. Preliminary hand analysis by the stress group indicates that
approximately 2,450 1bs. can be supported by this toncept without overloading
the Xo 576 bulkhead. (NOTE: A more complete and thorough computer stress
analysis would need to be run to verify this.) This opens the possibility
of increasing the volume of the tunnel adapter by increasing the diameter
and/or,the;length.' . |

Table 7 shows the'concept comparison of the various exterior configur-
ations tried, and shows the size, volume and weight of each.

The firsf var{at}oé t}iéd'(ETA-l), shown in Figure 26, was to keép the
diameter and length of the tunnel adapter *4¢ same but make it of constant
section instead of tapered ends. This allows the possibility of sleeping two
crew persons and/or storage, but the volume increase was not significant for

" the weight. The second variation, ETA-2, as shown in Figure 27, still kept
the tapered ends, but increaséd in diameter to 78 incheg. -This seems to-bé
the maximum diameter and length possible without affecting the existing MMU's,

MESA, PEP, airlock position, and payload frame caps. This configuration,

‘along with several others, would remove 4 inches from the straight section
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“of the tunnel bellows to gain extra length for the expanded tunnel adapter to
allow the full length for sleeping stations. The tapered ends of ETA-2 would

only allow stowage so a constant section version was tried.

’

ETA-3 is shown in Figure 28 and 29. This configuration seems to offer

the most volume versus size and weight and was chosen to design interior

concepts as shown later. - oo — e mm e el el e

ETA-4, as shown in Figure 30, is the same as ETA-3 but utilizes a larger
tunnel bellows. The change did not offer any significant advantage over
ETA-3.

Hanging the expanded tunnel adapter off the Xo 576 bulkhead limits the
weight that can be carried as interior "payload" without modifications to the
Xo 576 bulkhead to carry more weight. This restriction caused an investigation
of supporting an ETA from the sill longeron in the payload bay and eliminating
the existing tunnels, putting bellows at the Xo-576 bulkhead and at the aft end
of the ETA. This is shown in ETA-5 on Figure 31. Appendix B shows the concepts

drawn to 1/8 scale before they were reduced for report form.

As stated previously, ETA-3 offered the greatest possibility for interior
arrangement for stowage and/or sleep stations, so a number of interior concepts

were tried to see what the trade-offs were.

In the interior of the ETA, one of the biggest problems is both of the
hatches and their translations from open to closed limiting the amount of
space used. All of the concepts shown, assume the hatches to the airlock and
tunnel are closed during sleep, and that all the crew sleeps at the same time,
allowing the use of the space of the hatch in the open postion. The central

portion of the ETA also has to be kept clear for the free movement of the
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crew to the airlock and the spacelab.

The interior arrahge@ents are called out as ETA-3A through ETA-3E as
they are versions of ETA-3. A comparison chart is shown in Table 8, showing
stowage, sleep stations, habitable volume, and weight to allow the reader
to compare the concepts with each other. _

---Preliminary weight-estimates.are that this expanded tunnel adapter
structure (ETA-3) would weigh apprbximate]y 1,044 lbs. with the airlock on
top of the expanded tunnel adapter allowing for a “"payivad" of approximately
370 1bs. inside, and thus would limit the full use of the possible large
stowage capability of the expanded tunnel adépter. Modifications would
probably have to be made to the Xo 576 bulkhead to fully utilize the full
capability of these concepts. ETA-3A, shown in Figure 32, shows an all

stowage concept with approximate1y168 ft3

of stowage. While this is a
significant volume, the limit of 370 Ibs. of "payload” would severely limit
the use of all this space with a possible maximum of 30 1bs. per cubic feet
allowed on stowage lockers. ETA-3B, shcwn in Figure 33, shows a similar
stowage volume (61 ft3), but with two sleep stations on the locker fronts.
These would have individual cushions on each locker door, with restraints

to be added when in use as a sleep station. An accordian divider would
provide some privacy for the two sleep stations when in use. ETA-3C, shown
in Figure 34, sacrifices some stowage volume to provide some sleeping volume
for the crew. This again has an accordian divider for privacy. ETA-3D,
shown in Figure 35, has two dedicated sleep stations that do not utilize the
stowage locker fronts and provide more privacy and quiet. The cylinder shape

lends itself to using the outside curvature of the structure for use of

individual sleep stations instead of lockers.
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Figure 36 (ETA-3E) shows a three sleep station concept, but the disadvan-
tage of this concept is that it reduces theﬂgtowagéivolume sigﬁif}cantly. The
reduced stowage volume would-be better utilized for the use of personal
stowage for the crew. The hatch opening kinimatics eat up a lot of volume

and prevent a maximum use of the cylinder volume.

CONCEPT_COMPARISONS . .. .. - . T T T o

Figure 37 shows some interesting compavisons of ft3 stowage versus
delta weight to the orbiter vehicle. This graph shows both AMD and ETA
concepts compared on one chart. ETA-3 and ETA-4 show the most stowage volume,
but at a-much greater weight. AMD-1 seems to have the greatest potential on
this comparison and the ETA concepts do not fare as well as any of the AMD
concepts. This is based on a six person crew with SAWD CO2 removal.

Figure 38 shows the ft3 stowage versus orbiter duration on a comparison
basis graph for all concepts. The baselfnc—stowage/dﬁrafiun is inciuded in
these figures. Again, AMD-J and AMD-4 shows the greater duration with AMD-1
not far behind.  Again, the AMD concepts seem to offer much greater potential
for increased duration with the Teast weight, cost, and impact to the bdsefine

orbiter. See Section [I{ tor further summary and recommendations.
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VI. MID-DECK GENERAL ABE@NGEMENT DRAWING
An interior arrangement drawing of fhe /M mid-deck was completed as
Task 4 of this contract. .This drawin§ iSS79-00242) is drawn to one quarter
scale on a "J" size vellum (36" x 24 zones, 4 sheets) and is shown in reduced

form in Appendix C. The drawing shows the major elements located in the mid-

assembly drawings will also be included on the face of the drawing along
with an orientation view fb show how to calculate from the crew module
numbering reference system to the orbiter numbering reference system {and
ngg*versq). The major elements shown on the drawing includes primary and
secondary structure, airlock and hatches, avionic bays, moldlines, interior

closeout panels, lockers, bunk outlines, galley outline and the waste manage-

ment compartment.
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VvII. SUMMARY AND RECOMMENDATIONS -~

This section will summarize briefly each” of the four tasks in order of

Task 1, Task 2, Task 4 and Task 3, and then give some recommendations for

the Phase Il of this study.

TASK 1 ; O e

Habitability improvements for early flights that can be implemented
with minimum impact, were the main concern of this task of the study. A
number of concepts were generated that would save time on-orbit and on
- routine-daily Tmiving "chores" and imprcve the living conditionﬁ_of the crew.
A number of suggestions and recommendations were given by the mid-term
briefing in written and picture form, and several were implementad by NASA/JSC.
These included launching the water dispenser in the on-orbit position instead
of in a locker. The sleep pallet concept that could be used in-a horizontal
“or vertical position is being developed. The suction cup foot restraints
are being reevaluated and several other suggestions are being evaluated at

this time.” A1l of these were minimum impact concepts that could be imp]e-

mented for early flights.

TASK 2

Past studies and investigations that used volumetric terms and require-
ments for crew size versus mission duration were reviewed and common
definitionin key habitability terms aégﬁgétablished. Also, a common value
of volume versus duration for minimum and acceptable habitable conditions
was generated in graph form. All of these terms and values can be used as

a baseline reference for future studies and investigations.

PRECEDING PAGE BianK NOT FILMED -7 -
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TASK 4 . - -
An accurately dimensioned drawing of the_orpiter mid-deck, locating all

of the known major elements was produced. This drawing can be used as a y

baseline for assessment of future changes of habitability, improvement and

for Phase II of this study and all future changes to the orbiter mid-deck.

TASK'ﬁ
It was established that orbiter duration and crew size can be increased
with minimum modification and impact to the crew module. Preliminary concepts
of the aft mid-deck (AMD), external versions of expanded tunnel adapters (ETA)
and interior concepts of ETA-3 was produced, and comparison charts showing the
various factors of volume, weight, duration, volume, size, impact to orbiter
and number of sleep stations were generated. The aft mid-deck (AMD) concepts
show the greatest potential for a signiticant increase in stouageAvoluhe for
-fhé'jeastvamod;t of we%ght aﬁd impact (changé) to the ofbiter. fhe ETA

concepts show another alternative way to increase volume beyond the AMD

concepts, if even greater duration is needed, but at a higher penalty in
weight and impact to the vehicle, with not as great an increase in volume
for stowage or sleep stations.

Extending the orbiter duration beyond approximately thirty days will
probably require the combining of AMD and ETA concepts as shown in Figure 39.
The approximate number of days duration with a six person crew and SAKD (so]id

2

amine water desorbed) CO® removal, is shown under the boxes for compariscn.

puasiiup Sy

The need or requirement for a long-term duration mission has not been estab-

Tished yet, but this study has shown several ways to dramatically increase

oA whisto] NN OO BNA el o N A

the duration of the orbiter without a major impact.

AR duderim neey pas ra

[P
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The stowage volume requirement is the first “"stepping stone" to increased
. 2

duration with the C0" removal system the next level. The solid amine ECLSS
replacement appears to be a worthwhile change over the LiOH system presently
used, since the LiOH uses up an increasing amount of stowage as duration and/

or crew size goes up,and further aggravates the stowage problem.

RECOMMENDATIONS FOR PHASE II
Any dramatic increase in stowage volume will cause an encroachment in
payload volume, weight and possibly center of gravity. Other impacts to the

veh1c1e that are affected when duration is increased, such as ECLSS, electri-

cal power, oxygen, nitrogen, water, EVA requirements, etc. should be addressed
in subsequent studies. Also, impacts to the payload, detailed stress amalysis,
cost estimates, detailed weight and center of gravity should be investigated
at the appropriate level in future studies to provide additional data for
programmatic evaluation. A . A |

As outlined in the previous paragraph, the relationship of extended
orbiter duration with all the crew support subsystems and the “total picture"
impact data, as duration is extended, is not well defined and needs to be
investigated. The interaction with the spacelab and potential concepts (SOC,
power modp]e, etc.), as well as mission requirements for long duration, are
also not we]l defined.

The promising hab1tab111ty concepts from this Phase I study needs to be
ref1ned and def1ned in more detail and new concepts for improved habitability
and increased mission duration/crew size enhancement still needs further

investigation.
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