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1.0

INTRODUCTTON
This report presencs data obtained during the conduct of the
study program "HABITABILITY-CARMENT CONCEPTS AND ENGINERRING

DATAY, NAS 9-10407. This study is a continuation of the ori-

ginal contract - NAS 0~0%63 - which dsfined the basic garment

to be used in Space Station applications. The current study
is concerned with the broader aspects of Habitability Techno~

logy investigating such ,areas as wardrcbe definition, fabric

]

" usage, laundry system concepts, wardrobe packaging, candidate

" fabric testing, and crewman sizing.

These areas were considered of minor importance during the

carlier phases of space flight due to the relatively short
mission durations and small crew numbers resulting in negligible

total system penaltics. However, with increasing vchicle size,

mission profiles and nuwnber 6f'crewmen,'Habitability Technology

is emerging as a major design consideration and as such, must

be investigated thoroughly.

The "Handbook of Garment Selection Criteria for a Space Sta—
tion" presented at the completion of conmtract NAS 0-9563 has
kY

been updated to include the vesults of the current effort and

has becn retitled to reflect the broader scope of this study.



SUMMARY
: The study p;ogram "HABITABILITY~GARMENT CONCEPTS AND ENGINEER-
. ING ﬁATA“ Nﬁé 9—16407 has been coﬁpleted and the resuits of
this study effort are contained hcreinﬁ‘ The tasks investiga—

ted under this contract were:

Task L e _ . Wdrdrebe Pcfinition
TESKLZ —_— .‘ Fabric Usage

- Task 3 — Laund%y‘Systems )
Task 4 —————' _'Garmént Packaging‘
S T S . Fabric Testing,
Task 6 wmm—ee . Crew Sizing
Task 7 — Haﬁd Lawndry Concepts

In addition to the study outputs associated with the listed
tasks, mockup items were fabricated and delivered to NASA.
These items were as follows:

(a) Representative wardrobe consisting of:

Duty Garment © Sleep Garment
Leisure Garment ) Special Duty Garment
.Exercise Garment ’ Transfer Container

(b} Waste storage container.’

"{c) Laundry container.

{d} Crewman slecp restraint.
{c) Hand laundry systoms (2).



The study was conducted in accordince with the study plan
(BW-1.05) prepared at the start of the prégram. A1l study
results arc symmarized in the task descriptions containcd
in this report'ané pertinent data obtained during the con—

duct of this study effort bas been incorporated into the

revised handbook. The laundering testing effort was suc-—

- .

cessfully completed and the }echanical Test Plan and Mechani-
cal Test Procedure werc both delivered to NASA along with
the necessary fabric items required to perform the mechani-

cal test portion of this progfam%



3.0

STUDY TASKS

Six basic-study areas were defined in the study plan and are

discussed in detail in this section of the report. A seventh
study area, Hand Laundry Concepts, was added during the latter

rart of the program and, for contimunity the data resulting froz

’ L] . .
this effort will be contained in, the Task 3 ~ Laundry system

.

portion of this report rather than in a separate scction.

. Task 1 is concerned withk the determination of the total wardrok:z

requirement of a space station.crew. Wardrobe systems are de-
fined as well as the ravionale for their selection. The total

system impact in the areas of wardrobe weight and volume is

‘assessed as well as the impact on the space station of the ward-

) robe ancillary items.

Task 2 presents the investigation of the use ¢f fabric in the

design of space station accommodations and accessory items. Typi—
cal fabric items required to support the space station and theix
weight and volume impact on the system are discussed .

In Task 3, laundry systems were evaluated for use in a space
station. Conceptunal designs of typical laundry systoms are pre-

sented along with their wedsghe, volume, and power impact on tho



total space station complex. Alternate methods of water recla-—
mation are discussed with an asscssment of their rclative appli—
cability for use ia & space station enviromment. This scction

alse contains the task 7 effort- Hand Laundry Concepts.

Task 4 was an evaluation of garment and wardrobe packaging. Gavr—
- ’ ) . &

ment folding technigues, rolled versus flat fclded, are compared

and standard versus vacuum packaging are discussed. Moduler

packaging techniques are discusscd and the wardrobe transfer

volumes cutlined. In addition, an assessment of the space stca-

tion wardrobc storage volume is made based on the results of

the Task-1 effort.

" Task 5 was a testing effort that investigated the effect of
laundering on the physical characteristics of candidate mater-
ials and the response of certain select materials when exposed
to thermal tésting. The data obtained from fhc testing effort
supplcmgnts the analytical data contained in the original hand-

book.

Task 6 is an evaluation of a garment sizing program for use in

space station applications. Basically, it is an updating of a



study program conducted in the 1950ts for persommel on flying
status and *as undertaken to be more representative of the cur—
rent astroneut/scientist population.. This éffort also outlines
the_major bodily measurements essential to the sizing of clothing.

Task 7 evaluated variou$ hand laundry concepts and resulted in -
- a

-~

the fabrication of <two such concepts. Hand laundry systems

are of importance when considering small lavndry loads, on the
order of five pounds or less, due to their relative small im-
pact on the space vehicie design. The results of this study -

effort are contained in Task 3 ~ Laundry System to maintain con-

tinuity.



3.1 WARDROZE DEFINLTION

During the Mercury, Geminl, and Apollo flights, wardrobe sys-—
tems were relatively meager.with garments serving a multiple
function. With the increasce in gpace vehicle size, mission
durations, and crewmembor numbers, a nced arises to provide

a more diversified wardrobe for the crewman. This task effort

——
~

. Was égﬁﬁérned_pith the definition of a typical wardrobe system
S [

and was based on the following auty cycle:

hy giene ) . diqper hyﬁiene
sl?ep ibreakfast duty Iunch  dugy xercise recrgation sleep
P i i ! a | g l /
b | 17
/ 0700 0800 1200 1230 = 1830 2000 Z100 2500 r

Vith the duty cycle defined, the wardrobe systom was deter-
mined based on the various funct?onslto be performed during
“the duty cycle. Design justification sheets were generated to
summarize the particular.garment iteﬁs, function, candidate
materials, éelecﬁed configuration; and the rationale behind
the selection. These sheets are contained in Appendix A of

this report.

The resultant wardrobe was comprised of the following itemsse

(a) Duty garment - uniform dress for on-duty crowmen.

~1



3.1.1

{(b) Leisure garment — non-uniform drcss for off-duty
and recreational periods.

(¢} Exercise garment - loose fitcing clothing designed
for comfort during exercise per-
iods.

(d) Sleep garment m}addqg‘insulation for comfort dur—
ing sleep pcriods.

(e) Special duty garment - special garment worn during-

performance of critical functions.

Figures 3.1.1 through 3.1.5 are a representation of the gar-

ments te be used in a space station application.

GARMENT IMPACT ON SYSTEM DESIGN

The impact of garment weight and volume on the space station

system was evaluated and an example of the analysis technique

- is presented herein. To arrive at the wardrobe total weight

and volume requirements, certain ground rules or baselines
were established. The first determination made was to use
washable garments as opposed to disposable garments. The ra-

tionalie for this selection is contained in the tradeoff study
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of Appendix B. The crow compliment was established at 12 with
mission durations of 180 days. The garment change rate was set

according to the following arbitrary schedule:

Garncnt - Change Interval (days)
Jacket L { 2
Trouser ' : 3 .
) Shift . i
-_Eriefs - 1
Soclks ) B 1

The wardrobe quantity for a duty garment system was then deter—

-

mined based on a 7 Gay wash cycle and the results are as follows:

ITHM CHANGE RATE({Days) QUANTITY REQ!D

Ja.ckctv . o 3 | | 3
Cmowers 3 T g
Swirts o - -1 . - .
Briefs- _" o 1 . . .
Socks : 4 B ‘ | .

Referencing the Desigh Justification Sheets of Appendix A, a
cotton or cotton blend material was selected for use in the
fabrication of the duty garment items., DBased on the measure-

ments of the garment mockup wardrobe (medium-regular) presentcd

1.4



.under this contract, the weilght of this materdial for the parti-
cular duty garments listed above were:
GARMENT CARMENT

) MATYL WT, MAT'L REQ'D UKIT WP.  TOTAL WT.
ITEM MATIL  (0Z/YDS) {(YDS) (Lbs) (Lbs)

Jacket Cotton- 4 2.7 0.8 2.4
Dacron : ’
- € *
Trousers Cotton- 6 - 7.3 1.03L 3.1
- Dacron ' )
Shirt Cotton - 4 1.7 - 0.4 - 3.2
Brief Cotton 2 7 0.2 C0.2 1.5
Socks Cotton ¢ .0.2 0.1 0.8
Shoes Soft Leather ~ : 0.3 0.3
Total duty garment system weight= -, 11.2 pounds

Adding the weiéﬁ@s of ?he 19isure garment, cxercise garment,
sleep garment, and special duty garment results in a syscem
weight (per crowman) impact of Zé_poundg, occupying ‘2 volume
of 838 1. Wardrobe transfer cnvelopes and storage volumes
are presented in the Task 4 - Packaging Study portion of this

report.

GARMENT SUPPORT ITEMS

The ancillary items required to support a wardrobe system cop-

sists of such items as hanaers, garment restraints, clothing



organizprs and garment launﬁry/stérage containers. Depending on
‘the,concept sclected for vardrobe storage and maintenance, the
impact of ancillapy item \..reigh_t a(nd volume can range from a wini-
muim Sf 20 pounds using a hand lauwndry and a 10 pound laundry load,
to a maximum of 800 pounds utilizing an automatic laundry system
with water recovery capgbilities and a 20 pound laundry load.
. i . .

The selection of the optimum system is dependent upon the parti-
cular mission regquirement and‘can.be made only at the time of

mission definition.
Figure 3.1.6 depicts typical garment restraint devices for Space
Station use. Schematics of typical laundry systems arc presented

in section 3.3 of this report.

Figure 3.1.7 is a representation of a .typical garment flow cycle
from garment Tabrication to fimal usage . XTach step of the cycle

is defined as follows:.

Fabricate Garment -~ The basic raw material is fabricated inte a

particular garment according -to the size requirements of a parti-
cular crew, and in ‘enough quantity to supply the crew and have

spares as backup items.

.
o
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Package Wordrobe -~ The wardrobe will be packaged in accordance

Qith functional groupings, that is, duty garments will be pack-
-aged s a group, leisure garments as & growp, cte. This will
.allow sclect parment re-supply as demand dictates rather than
having to ship a complete wardrobe when only one garment type
is required.

-~

Store Wardrobe ~ Carment items will be stored in Ffwictional

- groupings ready for transfer as required to the using facility.

>

Transfer Wardrobe ~ When needed the garment items will be

transferred to the Space Station or the using facility as re-

quired to fulfill mission requirements.

Space Use -  garment items are received and used in the space

station complex.

Garment Inspection — After return to Farth base, each garment

is inspected to dectermine condition For reuse. If considered
reusable, the particular garments will undergo a'design change
cycle and be cycled back ante the garment flow sequence., If the

garment is deemed not reusable, it is discarded.

N

19



3.1.3

WARDROBE STYLING

Wardrobe styling has bcen.ma%nly predicated on personal pre-
ference in the earlier space flights, however, with extendcd
missions and larger crevws, garmenis ¢an scrve a more function-
al.role in providing ease of recognition through select color
coding or styling. This particular coding pattern can be es-—
R .

tablished on a duty basis or a fark basis or a combination of
both which would then allow a much easier method of identifie
gation of personnel.

In summary, the wardrobe requffcd for a Space Station applica—

efined, material of comstruction selected, ward-

£

Ticn has been
fobe weight and volume iﬁpaét on tﬂe Space Station system as—
sessed, and wardrobe support Syséems have been outlined. Once
a mission profile has been defined, the data presented hercin

and in éhe re%ised handboolk, will be useful in assisting in the

L

selection of a crewman wardrobe system.

20



FTABRIC USAGEH

The previous section of this report was concerned with a ward-
robe system designed To bo worn by the crewman, however, with
the increase in the physical size of space vehicles, there will
be a necd for fabric items to satisly additional roquivements
“outside the personal wardrobe. This task investigated the Space

. ) - _‘ v a

Station fabric requirements-and the results of this study are
.contained hcrein.

Thg use of fébric in S@aﬁe Statién éﬁcommodaéions and accessory
iteﬁs‘have a major-waight advé;xage over their contemporary non-
fabric {plastic, ferrous, non-ferrous metals,etc. ) counterparts.
The flexibility of fabric items also erhances thoir applicability
. to Spdce Station use as weli as-providing sccondary benefits in

- the areas of sound absorbency, ease of fabrication, maintenance

and compactness.

The stringent flammability requirements imposed on current space
" related fabric items wiil bé somowhat lessoned for Space -Station
use duc to the change from a more hazardous environment to a more
earth-like environment within the space vehicle. This results

in the consideration of morc tyvpes of fabrics (woven and non-woven)

21



other tﬁan the accepted cosfly fire—crit cria materials. De-
sigﬁ factors such as fab?ic‘toxicity, Tlame prgpagation rates,
and ignition pdints will not be neglected buf rather, factors
éuch-as material wear, utility, availability, easc of fabrica--
t?en aﬁd cost will take on areztver significance in the fabri

selection process.

for the purposes of this étudy a fourmievel space vchicle, with
a 12—~ ﬁan'compliment was assumed. The-physical layout of the
5paceﬁfehicle was assumed &o Ee:

. Level 1 - Wardroom and medical section.

Levels 2 and 3 — Staterooms and hygienic section.

Level 4 ~ Experiment and controls section.

~n

-

The fabric items contained in the mess section of the wardroom

will include a compartment separator to isolate the wardroom

from the medical section; chair coverings used fo suppoert the

crewnen during recreational and/or eating -activities; restraint

devices to immobilize men and equipment vhen required, and nap-
kins and wipes used by crewman. The medical section will con—

tain a couch cover and an examining table cover; chair covers,

and a lavatory scparator. The ‘individual fabric items used in

Lo
o



a medical laboratory {swabs, compresscs, slings, ctc.) re-
quires a detailed study effort and was considered beyond the

scope of this task effort.

The stateroom, scctions of level's 2 and 3 will require couch

.

and chair coverings; a e¢ompartment separator; individual bed-

. a

ding;lavndry container; wastc storage container, toiletry kit;

towels, and individual crewvman handkerchiefs.

Level 4 —~ experiments and controls section will require chair

-

coveringss restraint devices and section separatoers. Individual

experiment packages have not been considered in this study.

- Figure 3.2.1 is a pictorial representation of the various fab-

ric items that were considered for space station use. The ma~

terial weight and areas are based on single unit quantities.

The fabric to be comsidered for Space Station use must be eval-
uvated on the basis of availability, wear resistance, comfort,
ease of fabrication, and cost. Fabric item construction is

dependent on the particular applicatvion but generally in the

23
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case of space vchicle accessory items, fabric strength as in-
dicated by the fabrics performance under similar conditions,

takes on a major importance.

Fabric color will be dependent on the general decor of the
space vehicle or may be considered in functional grouping for
ease of identification %nd/or for aesthetic reasons. For ex—..7?

- " & .
ample, chair colorings may be varied in a grouping to break up
the monotony of monochromatic styling and napkins may be assigned
a red hkue vhile wipes may be green. Space vehicle interior col-
oring must consider psychological as well as functional rea-

-

sons and was beyond the scope of this task cffort.
¥



LAUNCRY SYSTIEMS

The carlier manncd space flights - Mercury, Gomini, Apollo -
were relatively short dwratvion missions requiring a minimal
perscnal wardrobe for the crcwman. The garment items provided
served a multiple function and were discarded at the comple-
ion of the mission. With the cxtension of misgion timelines
-

! - ) r @ - - > L)
and the increase in crew number, the penaltics imposcd, mainly
weight and volume, on the Space Station system becomc prohibi-

tive if the current techniques are maintained. To minimize

the impact of larger grew wardrobes, a laundry system must be

k]

. developed for Space Station use.

This task effort investigated laundry systems whicli, although

considered state~of-the-act systems, have applicability for

‘use in a gpace envirvonment.

Iﬁ.the evaluation of'a Jaundry system the impact of wedght,
volumne, power usage, and interfécc-requirements between the
space vehicle and selected éystém must be considered in conjunc—
tion with the actual laundry hardware design. This results in
the design of an optimum system with minimal impace on the en-
tire Space Station cpmplcx. In this study, laundry concepts

that result in the least impact on the entire system were in-

vestigate d.
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Current cleaning methods were cvaluated to determine their
applicability to Space Station use. Present day laundering
systems requirc a gravicty ficld within which to operate cffec-
tively, thereforef a standard waéhing macﬁine cannot be used
_in a Space Station application that is oberating in a near
zero—gravity field. Major modifications would be required
: . ¢

to use an existing design. The theory of cleaning and the
mechanics of soil removai.were studied in conjunction,with
~ determining the types of soils anticipated in a Space Station
“enviromment. These factors haye a direct bearing on the de-

ign of the laundry water recovery and storage systems. This
task evaluated laundry systems %arying from hand operated to
éompletely automatic with closed-loop water recovery capabi-

Jdities.
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3.3.1

SYSTEM DESICGN GROUND RULES

_For this study cffort certain ground rules werc madc that esta-—
" blished the baselinc dcsign., In-the case of & hand laundry

system, the launéry load was considered to be less than 5 pounds

per man on a seven day Jaundering cycle. The composition of
the 1aﬁndry load was co%si@erc% to be shirts, éocks, and briefs
with jaékets_and trouscrs éxcludcé. For the automatic laundry
system the laundry ioad vas cons;defed to be 20 pounds/man on a

weckly laundering cycle. This 1aﬁndry load was composed of

_jacket, trouser, shirt, briefs and socks. Other washable fabric

" items, such as . sheets, towels and washcloths can also be laun~

dered by either the automatic laundry system at the same time

.as the garment items, or with the hand laundry system separate

from the garment. items, for both concepts the solvent considered

. for use was water. The selcction of the detergent to aid the

© water in soil removal has not been determined and reguires an

in depth evaluation, beyond the scope of this task effort, to
determine the optimum detergent to be used in a Space Station

application.
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3.3.2 HAND LAUNDRY CONCEPTS

Hand laundry concepts werc evaluated for use with small laundry
loads, on the order of.s 1bs/man or less. Tﬂis type system is
édequaﬁe for cleaning such items as shirts, briefs, and socks
but would be limited in its ébility to launder the larger items
. ' T .
such as jackets and trousers. A laundry system of this type
.rélieé on the crewman to provide the agitation required to
assié@ in soil rémova1: This imposcs a burden on the crewman
" that, depending on the.laundering_qycie, can prove to be prohi-

bitive. Yor this reason, hand laundry systems must be considered

daeited

jod
W
{2

5 * LI, . - To bt el ] o L ) - -
i use item and a higher degree of sophistication is

i
;
Jot

,‘reqnirpd in a laundry system for use in a Space Station.

©, Figure 3.5.1 depicts %wu hand laundry concepts considered for
Space Station use. ﬁlterpate systems‘such as vibratory agitators;
chemical/physical effervesing tablets, rotary hand-crank and
pucumatic-vacuum systems vere investigated but found not appli-
cable for this particular use due to complexity of design, low

reliability, and/or ineffective cleaning actioxn.

[y
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3.-3.3 AUTOMATIC LAUNDRY SYSTEMS

The need for a laundry system to support a long duration, mul—
tiple crew Space Station has been presented and this task clfort

.investigated various concepts that are applicable for use in a

Space Station envirorment.
.' l" n‘ . Y
A trade study was conducted, at the beginning of this task eval~

" uating the solvent to be used in a laundry system. Due to the
toxicity and flammability hazards present when using standard

cleaning solvent like Stoddard solvent and perchloroethylene,

water was-selcected for use in~this application.

:
i . -

Water can be considefed\the most‘important gingle Eomponcnc in
'f the system and,thréugh'its solvent action, water alone is an
::effective and complete dctergenf for a large perccntage of the
soils that are anticipated in a Spéce Station. Water functions
as a ﬁetting agent thqt-pencﬁrate% the soil-fiber interfaces, and
carries away thce separated soil. -Water also aids in transmitting
Ehe mcchanical energy developed by the washer égitatg; to the
fabric~soil interface aﬁd assist in reducing the soil particle

globule size for stable dispersion. Lastly, water is the oldest
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3.3.3.1

and only self-sufficient detcrgent, soaps, synthetic detergents,

and builders have been developed primarily for the purpose of

)

improving the actions that water and mechanical agitation, for
the most part; are capable of doing alone. From a system stand—

point, vater imposes the least penalty om the space craft
envirommental control system.
4

.

The selcction of soaps and/or synthetic detergents for use in s
Space Station laundry system has been investigated in a cursory
analysis, however it forms a basis for a complete study of its -

B . - - ™

cwn. Current water recovery systems are being evaluated with
& (evergent Miranol (¥Miranol Chemical Co.) for possible space

application. .

SYSTEMS GROUND RULES

.

The ground rules established for the laundry system were as

follows:

1

. Typical load size ..... 20 pounds per crewman based on
task 1 evaluation.

‘. CTEW SLZ€ eunevennrenn 12 men/léundry'system.

. -Max. Jaundry cyclés/dif. 2 to minimize impact on spacecraft
water reclamation systenm.

. VWash cycle time ceeans. A0 minutes - based on recommendation
of.the American Insti;upc‘of Launder-

ing and initial cstimates.
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http:recommendati.on

3.3.3.2  WASHER SELECTION
:IQ the degign of a laundrf washer, the impact on the spacecraft
water réblamafion-system is of prhnarf COncern, From this
baseline, varidus coﬁceptS"can,be'cvaluated. In this study, the
foilowing washer conceﬁts were evaluated. These concepts wefe
considered prﬁmarily tbﬁinﬁestigate the system impact on fhe'
Space Station more than to arrive at a final system design.
. Ro@arﬁ Qagher.
o OScillatgry washer.
. Ultrasonic washer.
. Vibratory washer. -
. Water jeta-
. -Drycleaning
T From the preliminar} evaluétion,vfhe viﬁratory and ultrasonic
‘concepts were eliminated from furthe; study due to the high power
requirements for tﬁis type system and the lack of success in
this application due to the damﬁgning actiﬁn of fabric items.
Drycleaﬁing was discarded due to the hazardous cleaning sol-
- vents reqﬁired for this systen. 'The rotary type system, al-

though imposing the lecast penalty on water usage rate, would re—..

[
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~

- quire analysis that, according to the task ground rules, was
'considored beyond th; scopc of this study. A system of this
ltype can be developed for use in é-zero gravity enviroﬁmcnt and
.;:an be the basis for a f‘utl:lre study effort. The watcer jet concept
requirc;,s select positioning of clothing to effectively remove
soils and demands high'w££e¥ usage r#tes which Lmpose undue
: i . :

‘penalty on the water recovery system. The remaining concept,
the oscillatgry washer, is the recommended sys%em Tor use in

" the Space Station based on present washoer technology. For zero
gravity operation, the washer tub is filled completely with
water and the mechanical agitatioﬁ is imparted to the water in
an oscillatory maymer or can be combined with other types of
‘motion tcorkscrew, trinsversc,‘ctc) to effect the cleaning ac~
tion, - This task gonsidored:gnly ﬁﬁe-oscillatéry motion, alter-
native methods can be 'eva].uated- in a future study to optimize
the éystem. : }'

'The vash cycle.was détcrmincd basé& oﬁ an evaluation of data
preparcd by the fmerican Iﬁstitute gf Laundering eoncerning the
prépef cycle to use for the clcdning operation of fabric items

in this particular application. -



This cycle considers the anticipated soiling characteristics of

a Space Station Environment.

Spin

. P11 - 3Drain
SR
Yash Rinse / Rinse
o . .o //' 1 / 2
2 A 7
= .
& : ;
E-Z l 19 lz ?2 iﬂ i 2 iz P 3 ,2 !3]

Time— Minutes

An evaluation of single cycle washing should be made during the

conduct of a future study effort concerned with obtaining basic

laundering data. A single wash cycle will have obvious advan-

tages over the dual cycle in water usage rates and in reducing

laundry times.

Figure 2.3.2 is a representative dvawing of a rotary washer con-

cept.

Figure 3.3.3 depicts an 6scillat0ry type washer system,
Tigure '3.3.4 represents an ultrasonic system.

Table 3.3.1 comparcs the various systems evaluated in this

effort.

study
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TABLE 3.3.1 WASHFR SYSTRMS COMPARISON

g 5
"’%\\S\Y‘STEM .} ROTARY=~  |*OSCILL4- § ULTRASONIC & DRY CLEAN~
. JATES 4T T~WATER iy fi Y
CRITERIS \\ WATER } TORY-WATIR | VATIR ? X :
L J .
E %‘" ]
. & |
WEIGHT (POUNDS) 50 i 55 i 62
£ ' .
-.._- 2o % :," i
‘ i
POYER (WATTS) 345 535 5500 i 640
] 4
f ;
VOLME 8 6 8 T
1 ] . . i
: (r13) : § %
| VATER SOLVEN? : %
PER CYCLE 330 550 800 1 790
(POUN_DS) ﬁ . ij

¥ A DRAVWING OF A TYPICAL OSCTLLATORY WASHER SYSTEM IS SHOWN ON

WELSON DRAWING BU--2006-001 WHICH WAS SUBMITTED AT THE MIDITERN

PRESENTATION,

Al



.3.3.3. IRYER SELECTIQN

The laundry system dryer conccpté investigated were:

. Heated gas with tunbling dction.

. Vacwan desorption.

- Drip dry.
The candidate system‘recgmmqndednfor use in a Spéce Station
application is the ﬁeated gas—tumbling concept, ﬁith the
'ﬁumbliné action impartc& by stratcgically pléced, sequenc—
ing hot air nozzles. The vacuum Qésorption technique is not
-applicaile for this use dﬁe’toyhigh wvater wastagc,lon the or—.
der of 1/4 to 1/2 pound per pound of clothing and to water
sublimation whon exposed to high vacuum causing ice formation
on the fabric material and on the equipment. To prevent this,
a highly sophisticated‘s&Stem would have to be developed. Drip
drying was discarded based on the penélty imposed on the Space
Station ECS to gither remove the ﬁoisture.directly from the
fabric material which may result in unduly high cabin humidity
lcvel§ or by hafing to provide. 2 separéte compartment and asso~
clated equipment to effect drying of the fabric items which re-
sults‘in a higher degree of sophistiéation than is justified.

Figure 3.3.5 depicts the candidate lawndry system dryor concept.
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3.3-3.4

WATIR PROCESSING

The water processing system reguired to support the laundering

concepts can be designed To interfacc with the Space Stavion

.water management system or be 2 closed loop, self contained

unit. This decision must await a-syscems analysis bascd en
- o " -

the final configuration of the $pace Station and associated

support cquipment. In either case, the water wsed in this

Jaundering cycle must be processced for reuse to minimize the

weight penalties imposed on the Space Station.

The laundering oroccess water flow diagram is as follows:

-
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Water is transferred from the laundry system holding tank
to the washer where it is used in the wash cycle. At the
end of the coycle, dirty water is returned to the storage

.

tanks and_rctained until it is processed through the water
recovery system ﬁﬁere impuritics are removed and clean water
rptﬁrncd to the hoidingt%anks fqr'future usce. To minimize
the impact'oﬂ the spaéecréfﬁ water recovery system, the wash
water suds can be filtered out and only the rinse vater pro-
cessed through the water repoycry'system. Waper extracted
'duriné the drying cycle is-alsp returned to the storage unit
for future use. Figure‘3.3l6 depicts a typical lawndry water
storage systom. Ta minimizc the impact of laundry water pro-
-cessing on the Space Station water management system, the laun-—
dry éystém.will incurporaée holéiné tanks, as depicted in
Figure 3.3.6, to limit and control the quantity of Vdirty®
water to be processed and to provide an adequate supply of
"water to perform the washigg task. This wnit will allow simul-
taneous operation of the 1§undry system while water used in an
earlicr wash cycle is being processed to remove impurities such
as detergent, soils, and lint. )ﬁakc up water to replace tﬁat
Jost dn.the drying cycle will be provided by the Spacc Station

water supply.

J=
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The water reclamation systems investigated for possible use
in the Space Station are shown in Fisures 3.32.7, 3.2.8 and
3.3.9. Table 3.3.2 is & system compariscen and Figure 3.3.10

depicts the complete candidate laundry systems.
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VATER FILIRATION SYSTFM DESCRIPTION

‘Fater is vemoved from the washer/dryer unit and pumped through a
fi}ter'thaﬁ traps the solids eﬂtr%;nedcin the wash watér. As shown
in figure 3.3.7, ?hc wash water is then bassed through an activated
charcoal canister where sour odors arc removed and then passed through
a bacteria filter that is used to keep the bacterial growth within
ac@eptablé Limits by use qf additiv0§ or ﬁltréviolet light techniques.
The water is then retﬁ}ncd'to Ehe iaundry storage tank for future
use. The activated éharcoél cgnistcr and‘bacteria filter can be

vacumm purged Tor long 1ife usage.

This system is limited to the removal of solid particulates in wash

water only, and will not perform satisfactorily with ionic detergents.
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PRECIPITATION-FILTRATION CONCEPT (REF. TIG. 3.3.8)

The wash water is -pumped through an accumulator containing a chemical
. v <

additvive used to precipitate electrolytes, then through a fiiter

wvhere solid particles are collected. The Uclean! water then passcs

through a canister containing activated charcoal where the odors

are removed, then through a bacterial filter and retwrned to the

laundry system storage tank for re-use. The activated charcoal

capister and the bacteria filtcer can both be vacuum purged for long

life usage.

This system is designed to remove certain clectrolytes as well as
soclids in wash water and can be recommended only for predictable

soils and detergents.
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REVERSE OSMOSYS — VAPOR COMPRESSION (REF. FIG. 3.3.9)

The most feasible mecthod of water processing is shown in figure
pe=]

. 3.3.9. The wash water is pumped into the reverse osmosis unit

a .

r

" where the contaminants are trapped and the U"clean water passes

.

on through the membrane to storége.- The remaining water is direc—
ted to the vdpor compression system where the balance of contamin—
ants in the wash yatcf are removed. ‘The processe& water then
pésscs through a canister containing activated charcoal for odor
control anc in%o the laundry system water storage unit. The ro-—

verse osmosis system is designed td process 30% of the water and

the vapor compression system, 20%.

This system is designed to remove all of the contaminants from the

wash water with a residue of approximately 1%.
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TABLE 3.3.2 VATFER RECOVIERY SYSTHMS COMPARISON

FINED
DESCRIPTION

W, (188)

STORAGE

WATER (1BS)

EXPERNDABLES
(1ng)

TOTAL

wi, (1BS)

POWIR

(WATTS)

REMARKS

Filtration 30
System

33.6

313.6

20/30

Can be used
with non-elec-
trolytes only.
Dependent on
concentration,
Use non-ionic
detorgent

Precipitation
Filtration
System 3

i

’

o
L
fan]

53.6

" 338.6

20/30

Can be used
with certain
elcctrolytes.
Veight depese
dent upon con-
centration. Can
nsc¢ soap,bullt
soap and lonic
detergents.

Reverse osmosis
vapor compression
sy suom

{80/20) 218

250

20

88

634

" built soap, and

Weight penalty
can be improved
with higher
reverse osmosis
wilt recoveries
fzn be used with
any electrolyte.
Can use soldp,

ionic detergent.

Vapor
Compression 570

500

1060

Least desirable

from a weight
aitd pover stand-
point. Can use
soap, budlt soap
and ionic deter-
gents.




The complete laundry system is shown.in‘Figure 3.3.10. Water
and suds from the water storage sectlon is £ransfcrrcd to the
washer where it is used fof ?hc cleaning c;cle. At the comple-
tion 0? this gycle, the dirty ﬁatﬁr is‘§ransferrcd back to the

water storage section, and, held until cycled through the vater
recovery units. Wheﬂ the dirty water is Schéduled for processing
it is transf&rred from the storage area {o the two-stage water
recovery section when all éontaminangs are removed. The Yclean®
vater is then ;eturned*to the ‘storage séction.and,held for future
use. Excess water gxnracted from the clothing guring the drying

cycle is also.returned to the water storage section for re-usc.
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3.3.6

© WATER USAGE

The quantity of water to be stored in a Space Station for
laundry use is dependent upon the water recovery process rate.

With a low recovery rate mere water rust be made available

. to satisfy the wash cycleecvequirements. The process rate, in

¥ a

turn, 3s dependent upon the amount of clothing being laundered
and the type of detergents to be removed from the wash water.

A systems analysis is required to arrive at the optimum con—

. figuration for Space Station use.

-

Tox the purposes of this study, a 20 pound laundry load was
assumed, using a water solvent. It was determined that a mini-
mun water recovery rate of 22 lbs/hr. would be reguired to sup-

port a 12 man laundry system with a two cycle recovery sequence.

Figure 3.3.11 outlines the stored water requirement for thesc
.conditions and-Figure 3.3.12 depicts the water récovery rate

for the candidate system.
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3.3-3.6°

The laundry system couccpt prosented is represcntative of

state—ol~the~act hardwarc presently wndersoeing evaluation.

Other concepts are certain to be developed that cqual or

. possibly surpass current systems, however, to develop these

concepts requirces a systems analysis to derine such factors
. i .

as proper detergent to be used, vater usage rates, defini-

tion of acceptable cleanliness levels, mechanics of soiling

and the detergent action and optimization of the selected

design. Thoeis a definite necd to cxplore this area in

4 -~

greater depth before an adequate laundry system can be de-

veloped.

60



CARMENRT PACKAGING

In the logistics of Space‘Station supply garment items one
must consider the methed of packaging to achileve the maximum
quantity delivery in the minimum transfer e-mrel_opeJ while
maintaining the garment appearance. This task effori was
concerned with garment pdckaging and investigated various

., e
folding tcchﬁiqﬁes and packaging concepts, This effort was
concerned with packaging for a Skylab tType mission and a
Space SfatiSn mission.
Twe folding techniques invcstigétcd in this study were theﬁ
flat fold configuration and the rolled configuration. Figure
3.4.1 depicts a typical fla% folé,configuration for a duty
5acket. Figure 3.4.2 is a comparison of the resulting folded
vs. rolled volumes of flight items fabricated for use in the
Skylab program.

* To minimize the garment packaged envelope, vacuwun packaging of
garment systems can be employed. Tﬁis method reduccs the total
'packaged volume which in turn provides more available transfer
space. VWhen vacuum packaging garment items, consideration
must be given to the method of garment stackup to minimize

“the effect of local increascd garment thicknesses due to the

fanY
fui)
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presence of padding, cuffs, collars, fastencrs, belts, or

ribbing on the garment items. By proper superpositioning
of germent items, this effect can be rcduced. Figure 3.4.3°
is a comparison beiwcen a standard folded configuration and

‘a vacuam packaged configuration for a typical duty jacket
I g & :

L4

and duty trouser item.

Garment transfer from earth base to Space Station and re-

turn must be considered. Adepting a modular packaging tech—

nigue within a minimized transfer envelops, the garment

~— can Tern o mdem mrmd L B oam it mam AT pmamagimgr Al m s f e oo douses
ToHS S8R oe _‘\_Jaul\.aseu. 1N TLNGCTLONEAL ZUOUNS tiaatv AEx & duoy

pr

‘_garmcﬁt eﬁsemble, consisting ol djaclkets, trouécrs, shirts,
hat, and shoes, can be packéged in one module and readied
for ﬁransfér to the Sﬁacc Station, and a leisure gﬁrment en—
gomble, consisting of trousers; sﬁirtg, ané shocs can be con-—
tained in a separate module. This method allows selcctive
re—~-supply of garment enscmbles as the individual necds arisc.
The techﬁiﬁuc is presently en%isioncd Tor the Skylab progrgm

in the form of wardrobe rucksacks Ffor each crew member.

[
RN
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Once a garment enscmble has been transferred to a Spacc Station
_there is a noed for on~board sto.ra_qc..__ This can be accomplished
--by providing closct space for major garment itpms’{trouse?s;
jackéts) or bf utilizing the mo&ﬁlap conta@ne? as a4 transfer
device and as ﬁ.stﬁrage drawer. Figure 3.4.4. is a wrepresenta-
:tion of the reéuircd clo;et;éolume for hangi§g'a‘t;ouser—jack~
ci“. combination, and _shon;s' ‘a typ?';cal modular packaged garment cn~

sembled.

66



- SR T A T AT, Sy g = T AT R L S T AT T IR I T “'fm;.

t

T RN BT N AR ST AT T YR R S IR M N ST R DA S AL ERE

W et dan e

H
£~ !
s et H ] R
42 . :
: & & W !
! o = “
M ot e [ow) N
) =Y BN I
: ™ = 0 . u
; 0 = -
A Q > '
i et / }
” 2
I S i
| ) i 3 "
. : b5 i q
i .% r
! = L £ %
m m . Y \/| ¢!
: 2 ¢ m
W

NT

J)

JACKET
N4
DUTY GARMENT

7
P

B 3.4.4 GARM

FIGURE 3.4.4

It

o
o

{0"_

I

i\.
B\
[

g
QUSERS

.ﬁ\ L

a

x

ANXD TROUSER EANGING STORAGE VOLU

= o £
) B Q
|- § : |
. P n e i
E . . - B _
b a 4
& = ! :
S Iy
i m m w :
H = o “m»m & i
k . |7 ;
. ] ﬁ 3
73] o
i 3 A - :
i h. il
;
E i
Fa'
E f

_ - . Ry U VOISR S S T LR T S T -
B L g POUAELATES DA D TRt DTS T 1 AT TR AR T S TR O A S T S R TR TR AR T LMY B I e 4 e
AT LI L IG PSRN DS DT R SRR




3.5.% .

FABRIC TESTING

“A test program was performed on candidate materials

‘presentiy comsidered for use in Spacce Station applica—

tions, The test effort, comsisting of a laundering test

serics and a mechanical test series, was conducted to

cvaluate the effect on certain material physical propertics

L

n- - - v &
oi continuous laundry cyclds and to cvaluate the response

of various materials when subjected to themmal testing.

The results of this test cffort will aid the system designer

in selecting materials for use in a Space Station cnvivon-

. ment,

LAUNDERING TESTS

Laundering tests were conducted on test fabric swatches

of candidate materials-and on three represcntative

flight jacket items. Prior o initiating the laundry

cycle effort, various wash cycle schemes were evaluatéd

[y

£o determine the optimum technigque to be used. This was
required because new materials, such as Durette, PBI,

and Teflon were not laundered previously, therefore,
therce vas notv data available to indicate the effcect

of laundering on these ifems. The baseline wash method



3.5.1.1

cstablished for swatch testing was a standard family
vhite wash technigue using a wash water temperature
ranging from 100 to léoof'and a commercial drying mothod

utilizing a hot-air, tumbling technigue with air tempera-—

O
turcs reaching a maximwn of 250 T when the load was

-completely dricd., For the reorescentative flight garment

. n ; -
testing, e wash method nsed for wool fabrics was used.
In this process the wash water temperaturc was maintained
0 o N . . ) .
at 95 I and the tumble drying air temperature was & maxi-

; o
mum of 160 .

The following figures presents the results of the laundering

test effort. The paragraphs preceeding the Tfigures describe

the test method and the parameter measured.

TABRIC SHRINKAGE TEST - SWATCHES -

Swatches of candidate fabric materials were subjected -to

shrinkage tests to determine the effcct of repeated wash
cycles on the shrinkage characteristics of the various
fabrics. The test specimens were washed by a standard white

wash method and shrinkage measurements made periodically

in the cycle until the last mcasurement at the 200th cycle.



referencing Tigure 3.5.1, the Darette (Monsanto)

filament indicates the lcast percent of shrinkage and
Polybensimidazole (PBI) the gréatcst. Il shyinkage was the
main selection craiteria, garments would be made from Durette

filament or if a swoother hand is desired, a spun Durctte

which exhibits the second lecast percentage of shrinkage.

“
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FABRIC SHRINKAGE TEST-GARMENTS

Flight configurcd jackets, fabricated from Dﬁrettc,

PBI, and Teflon wore subjccted to ton wool wash procedures,

and sclect measuremcnts made periodically in the cycle.

- Four measurement points were cvaluated, sleeve longth, back

width, baclk length, and collar dimensions, to determine the
«~ -

: - a
percent shrinkage at these points.

Referencing Figure 3.5.2, Durette has again exhibited the.
least percent of shrinkage in all categorics. Spun Durette

tended to perform better than the Durette filament but both

:

.bested the remaining two maverials. Durette would be selected

for garment fabrication for space use based on this test

roesult.,

~.1
[ )
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3.5.1.3 - FABRIC TENSTIE STRENGTH

’Fabric swatches were subjected to tensile strength

tests pericdically during the‘ccnduct of a 200 cycle

.wash progrem. This test was accomplished by lawndering
the svatch by a standard white wash procedurc for a aumber
'of cycles, then removipg'tho swﬁtch from the wash, piacing

&

jaws, making threc breaks in the
J P &g

'

.it bétwcen twe mechanical
;'fégric varp direction, then applying a pulling forcc umtil |
matérial failﬁrcl This test was conducted to evaluate tho
‘iaundéring éffect on candidate materials gtrength properties,

)

tThis is important for long Jlife requirements.

‘Referencing Fagure B;SQB, PBI éxhibits the most strength
retention of the materials "ce's’r;edj and would be the selected
fabric based on this criterialalone. The interesting initial
‘decrease in PBI strongth characteristics camot be explained-
other than.fhe fact tﬁat PBY is still being evaluated and

is prescntly considercd an experimental fabric.

~J
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3.5.1.4

FABRIC ABRASTON TEST.

The wesistance o1 garment damage by, flat and [lex

abrasive forces is of concern and tosts were conducted

- to evaluate various fabric test swatches,

" The flat abrasion test was conducted by subjecting the

. a

test specimen to the abrasive forces applied by a very

.fine sandpaper until material failure.

The ‘flex abrasion test was performed by bending the test

o

" specimen repeatedly over-a sharp edge until material

failure,

Refprencing figuro 3.5.4 Tefion far exceeds the other
materials in its resistanée to flat abrasion and is a
ronaway candidate in terms of its resistence to flex
abrasion. In fact, the flex abrasion test of Teflon had
to be terminated at 122,000 cycles becausg the material did
not even indicate any visible wear duc to the test. This
would, of course, be the candidate material when consider-

ing the abrasive stresses expericnced by garment items in

normal usc.

~1
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T 3.5.1.5

FABRIC REFLECTANCE MEASURIMENTS —— TADING

Over oxtended periods of usage and v 'shing, garments have a
tondency ©o losc their original color ana could cause problems
from an assthetic standpoint in a Sp;cc Station applicafion,
Therefore, a material exhibiting a high degreg of colorjfastness

should be selected for this use.

[\

Test swatches were subjected to 200 wash cycles and reflcctance

measurements, ie. the measurement of the amount of light reflected

back from a surface to the light source, were made. The higher

. .
the measurement reading; the greater the amount of light re-

e R

flected Lack, and, hence, the gireater the color fastnoss of a
material. TIn this test, cach test specimen was measured prior
te initiating the wash ¢ycle and this value was used as the

baseline against which subseguent mecasurements vere comparcd.

Referencing Figure 3.5.5 Durctse exhibited the least amount of
fading, or loss of color, than the other candidate macerials and
would be the rccommended fabric for Space Station usc if considering

this parameter alone.
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3.5.1.6 FABRIC REFLECTANCE MEASURRMENTS — SOIL TRANSFEI

The fabric rcflectance test was rcpeated in a similar wash

procedure, but this time clean swatches were laundercd in tae

same wash water as swatches soiled with a seolution of 4 grams

vl

of Oildag¥ {graphitc in mineral oil), and 4 grams of Wesson
oil made uwp to 1 liter with perchlorethylene. The clean

N &
swatches werc contained in a net bag as was the sciled swatche
to prevent physical contact between specimens. This test was
performed to evaluate the soil absorption and soii reteantion
characteristics.of fabric materials. Measurciuents were made

on-the clean swatches prior to the start of laundering and

periodically during the wash cycle. Three cycles were accomplished

during this test effort.

Referencing Figure 3.5.0 PBI indicated an increase in the
reflectance measurement, This canngt bg explained at this point,
more testing must he condthcd to be able to evaluate this meterial
more adequately. Of the remaining macverials, spun Durette exhibited
the least amount of soil transfer aﬂd would be recqmmended on the

basis of this selection criteria.
% Trademark of Acheson Colloids Cempany.
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FIGURY 3.5.0 TABRTIC REFLECTANCE ~MEASIRIMENTS —SOIL TRANSFIR

REFLECTANCE TEST RESULTS — CLEAN AND SOLLED SWATCHES

(Clean) 33.%

. (Soiled)28.}

oo
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Note: Upper rcading is the original mcasurcment and
the lower rcading’ is the soiled measurements.



3.5.2 MECHANICAL TESTIXG

Three mechanlca} tests were defined zs szrt of this stud}
effort:

(a} Crecase resistance-test.

(b) Fabric weave cffect test.

(¢) Garment drape test.

3.5.2.1 CREASE RESISTANCE TEST

A crease resistance test was performed on vardous fabric
materials. This test was conducted to =measure the ability
of a material to regain its original shape after being creascd.

{21 2 ey I PR ) -+ . - I3
The yoswtlts of this test offert is indic

i

tive of » materiale
response to the creasingaction occurring during normal wear

and is representative of a materials zbility to maintain a

relatively wrinkle-frec appearance. -

‘Referencing figure 3.5.7, a blend of cotton and dacron
exhibited the highest perceatage of crease recovery of the ten
fabrics evaluated. For this sclection criteria a cotton-dacron

wardrobe would be recommended.

[o=5]
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3.5.2.2 FABRIC WEAVE EBFFECT 1l8ST

The weave effect wpon material insulation propertics was the
first of wo thermal tosts. ‘This test evaluated che effect
of weave on the insulation characteristics of fabric material
vhen exposed to a gas stream of varying velocity. Test .
specimens of various pick«aﬁd cncé densities were placed in

.. . o
an air stream dircctly over a heat ‘sink maintained at a
constant temperature. The air velocity was then increascd
and the amount of héat flux requiréd to maintain the heat
sink temperature constant was mcasurcd and rcﬁorded‘ The air
stream temperature was also mcasured and recorded. Data peints
were obtained for air velocities of 10, 20, 30, and 40 cfm,

From this basic data and the relationship:

T =0.88 4T (A)
g

where I = fabric insulation value,
& . T = temp.difference between air strean

and heat sink.

i

A = material arca.
O = heat {lux,

the insulation valucs for each case were determined.

+



The conmclusions derived from this test were:

(a)} The weave effect‘upon material insulation is most
provounced at lov ventilation velocities.

(LY As fhe ventilation velocity may vary, the insula-
tion value corresponding to a material area ratio
of 100% should De qscd; This is also Bascd upon
the fact that the maperial arca ratio 1is grea@er

than 90% for clothing.

Figurc 3.5.8 depicts the results of the weave effcct test
conducted on four sample swatches at NASAMSC. The curves

substantiate the original analysis periormed in the Hindbook

of Garment Sclection Criteria for a Space Station which was

prepared under contract number NiS 9-9563 and revised under

this contract.

GARMENT IDRAPE TEST

Three representative flight garments, one conformed; one mormal,
and onc loose fitting were labricated to be'uscd on a thoermal
manikin for the evaluation of garment drape effect on the insu-
lation characterisctics of clothing systems. - The fabricated

sarments consisted of a shart, jacket and trousers cnsemble. A

&5



oW

i
A

o
-t

v

SN ATIAEET T TR e AT W T A Sz
-

3 T M ST W ST

1

-
“.N\.\\\ L i

7 /

Py T L I T
1
L4

- y C
A b \ ;i

, xl N
ﬂ..//f.. ”,.. S //z.w i )
Qﬁ...:, Mﬁr C .,.fv/ o \ I
N AN A

4] N \

[ws ]
v

o v £ T i S CE S R T L T T AT R R o L SIS B S P I T TAX LSO B REAS Lrpn AL v Y TR

i

o1 <

oo

N

[

0.4

012 = NOTLVINSNIL

100

80

60

‘

REA TATIO - A

MATERYAL A

1

Tia

A mate

S0



garment system was to have been placed on the manikin and the
manikin température raised and maintained at a constant level.
The distance between the jacket and manikin in the chest area
was to be measured, then the air velocitj impinging on this
chest area varied over a range of iS o 90 feet per minute.
The change in heat fluy to maintain the manilcin temperature

- - ’ %
constant was to have becn measured and recorded. This test
was to be repeated using the three different size flight gar-
ments and the resu$ting-data'used_to cvaluate Fhe drape effect

onn the insulation characteristigs of garment systems. This

test was to have been performed at NASA-MSC.

Duc to scheduling conflicts the drape effect test has not been
- completed in time for inclusion into this {inmal report or inte

the revised HANDBOOK OF GARMENTS AND ACCESSORY SYSTEMS SELECTION

CRITERIA FOR A SPACE STATION®. A Test Plan {BW-187) and Test Pro~

cedure (BW-190) have been approved and delivered to NASA-MSC as
contracturally required. Upon completion of the manikin testing
and use of these documents and handbook, the test data may be

reduced and conclusions derived.

)
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3.5.2.4

CONCINSLONS

The result§ of the fabric testing effort have been summorized in
Table 3.5.1. The actuwal testing performea is listed and the
material exhibiéing the most favorablc response to the particular
test, - numbered 1 and the material responding least faborably

mmbered 4. Based on the test results, Durette exhibited the

4 a

»

most favorable response to the majority of tcsts conducted,
thercefore, this is the material reccommended for use in Space

Station applications.

o2
o



TABLE 3.5.1 FADRIC TEST RESULT MATRIX

\k\i&tcrial Turette Durette PPl Teflon
1
y Tost o (spun) . ) .(filament)!
;. S . !
{ 2 5
o . ‘ z
Shrinkage test 2 i It E 4 3
{swatches) L ‘ ' { -
i Shrinkage test - - _ E
: (garments) 2 1 ) 2 ! 3. A
: i 1
Tensile strength{ 2 ‘ 3 - 1 a
. 5
; : P - 1
E Abrasion TFlat 4 3 2 L
g Test Flex 2 . 3 A 1
7. - ;
. ¥ i
§ . §
i Reflectance Test: t }
& e A a0 Y H - : E A % 1
E (._ d.d..a.nb] S é P % &, _— ‘g
g ; ]
{ Reflectance Test | 1 B
¢ (Soil~Transfer) 1 - : 2 i 4 3 g
A | - a
: } b
i : i _—
. Creasc Resistancg 2 A - f 1 E 4
[ £
{ - ?
: ) $ ‘ H ¥
. Towal i 17 3 16 : 23 b 21
: E ; % ?
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3.6

CREW STIZING

The data uscd in the habitability study performed under contract
- - . s 3 . R . -
NAS 0-0503 for ‘computing the size distribution amewng a spacecraft
crew was applicable to persomnel on {lIying status surveyed in
1050. The crew of a Space Station will not neccessarily fit the
a .

pattern established in the carlicr study by virtue of changes

in physical makeup and population segment. In this study cffort,
the anthropomorphie measurements required to determine the pro-

per sizing of crevw personnel has been determiped. In addition,

.bodily measurements related to>the current astronaut-scicntist

populaticn segment hawe BLeen obtained from NASA and ducinded in

the revised handbool.

In this study of crev sizing, two body dimensions—height and

weight—form the basis of this sizing program duc tc their high

correlation between these variables and the balance of the bodily

measurements. The remaining méasurements essential to the siz-
ing of clothing arc as follows:

(1) Weight

{2) Height

{3) Crozch height.

90



(4)_‘ Chest brgad{?‘

« -(5) . Neck Circumforcnce.

" (6) Shoulder circumfercnce.
(7} . Chest eircumference.
(8) ~ Waist circumfercnce.

{9} . Buttock circupference.
. ] .

. (10) Thighjcircugfergﬂge.
(1) Lowbrmthigh qi?cgm?ereﬁce,
(iz)' dalf civcunference.
(13} An¥le circumference.
" (14) Wrist circgmfcrcqcé:"
(15} Vertical trunk circumfércnce,

(16) Knee circumference.
(17) Axillaery arm circumference.
{18) Biceps circumie?ence.‘

(19) Elbov circumference

(20} Slceve inseanm.

Figure 3.0.1 is a pictorial representation of the above bodily
measurements. For definition of the above mcasurcments sce

Appendix B of the revised handbook.

9L



'FIGURE 3.61 VISUAL 18DEX OF MEASUREMENTS




An analysis of the data rcccived Zrom XASA relative to the
gurrent astronaut-scientvast populasism dndicates a size shift

towards the mediwm-long/large-rogiier end of

!
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]
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I
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!
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o
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Q
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ule. As was the case with the 18357 szudy, the majority of the

persomel measurced fall into the madiim-regular category.

. - " -
Figure 3.5.2 represcnts the'crew size program for the current

astropaut-scicntist population and Figure 3.0.3 compares this

=

current size distribution vith the original 1950 survey.

> - . -
Current ocutfitting of creumcen for space missions requires

e i ] T o~ T .y 3 gt N a s 1 . .
Nocustom IitT of coch indiviaual. AR CXew IUmDCIS Lacreags

2

fgr advanced missions, tﬁis procedure becomes prohibitive from
a time and cost standpoint. With a stockpile of basic garment
systems. sized in accordancé vith the bodily measurements out-
lined herein, gntire'crews can be gutfitted with a2 minimum of

alterations required.
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4.0

4.1

RELATED STUDY ARTAS

In the éomplcted habitability study. effort was expended in
the area of spacecraft iaundry systoms and crow garment con-
ceprs.  In the performance of these tasks, several arcas
have ‘been uncoverced that rcequire the g-eneration of basic

data in order to substantiate ceptain assumptions made in

the study.

SIM{ARY

?he pérformance of a 1au£dry system has beon assesscd from
an overall viecwpoint and the relative pcnaihjes determined.
In che evaluation of this system, scveral aspects of perfor-
mance were estimated based upon ;:;Jrrent available data. In
several instances thcre‘are vide variations in the data {be-
tween sources) and in other instances, no data at all. Since
these areas are critical in the determination ofl the impact
of a laundry system, investigation.of yhc arecas presented

herein is suggested.

There are three gencral areas of investigation in vhich mean—
ingful work may be performed. These areas involve the deter—
mination of basic lauvndering data. Each arca is described bee

1o,

6o



4.2

BASTC LAUNDNRING DATA

The removal of soil from clothing has been historically in-
vestigated by detvermining the adaptability of a new fabric

or garment to existing laundering technigues. These inves—

tigations have lLeen made by such organizations as the Ameri-

“can Institute of Launderdng and the Netiomal Institute of

~ . a

Dry Cleaning. ‘Although acceptable means of clothes cleaning
have been determined by carcful adjustments in temperature;
selection of détergent; and cuantity of water, the basic pef~
Tormance of laundry systems is presently not availabia for

) - .
uge in space station studics. The following arcas are thosc
elements that require investigation in order to draw an in-

telligent conclusion in the ficld of Jaundry systems.

CLEANLINESS. CRITERIA

One of the most nebulous areas concerned with washing systoms
is the aspect of glothing clecanltiness. In order to determine

both short and long term performance characteristics of laun~
dey systems, it is nccessary to establish a Qcasurement tech—

nigue for fabric cleanliness.

a7
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1

4.2.3

LOAD WACTOR DATA

The load factor of 2 washer is the amcunt of clothing that
may bé cleaned per cubic foot of washer tub voiwme. This
value has been found to vary from two pounds per cubic foot
te five pounds per cubic foot. As this represcnts a 150%
variation, an.assessment’of-tho joad factor versus cleaning

. &

verformance is necessary.

YATER USACE DATA

LS

In,theltradeuoff analysis Qade}fcr a léundry systoem, it is
evident that the major impact upoﬁ a spacc station is in tho,
use of water. The relative penalties of water reclamation to

the fixed weight of the cleaning ssrstem indicate that a reduc-
tion in the amount of ‘.‘.?El‘t(.lI-‘ to clean clothing is desirable.
Present analysis are based upon :—1 #full tank" approach in

that the e¢ffects of =zero gravity (i.c. bubbles and water cold-
lection) nced not be considercd: Since this ié tﬂe heaviest
approach, further investigation is required to reduce the amount

.

of water, if possible.

DETERGENT USE EVALUATION

It is possible <o remove & portion of the water soluble soils

-

Iron clothing vithouwt deterzents. If no detergent is regquired,

-~
N
¥



4.2.5.1

obvious bencgits_in the water m;nagcmcnz arca will be recalized.
Further study of dercergents is required before the impact upon
the water rccovﬁry system cen be made. A proposed test would
be o wasﬁ typical articles of clothing worn in an office en-

viromment and measure the effective cleaming. Disinfectants

* a \

and germicides weuld be added to the clothing after romoval

. ) o ) . .

from the washer.- The comparison with a wash in which detergent

. wag present would be made.

SYSTEM PROCESS DATA

Anather potential arca of study is concerned with the other
systems surroundipg the washer system. Thesc include the as—
peets of water storage and rocovery. Two‘primary arcas arc con-
sidered for cvaluation -in <his category. DBoth arc deseribed bLe-

low.

WASH WATER RECYCLE

In the water penalty analysis conducted during the Jaundry sys—
tew study, an assumption was made that a water/detergent solu-
tion may be {iltercd and reuscd for each cyele as in dry clean—
ing. The only additives to the "suds! vater would be addition—
al detergent o nmeke up Tor the amount roroved with the soil,

and the vater remeining in vhe clothes duce to cbsorprion.



4.2.5.2

With the waster Test unit,. the feasibility of this method may

be verified zs & minimum venalty process.

RINSE WATER PLICISSING

C oncwrrent with Toe suds recycle, the rinse water must be
processcd for rease in the Fashﬁr. With a propér selection of
detcrgcné and suds recycle, filtration with activatcd charcoel
and millipore filter appears to be a possible technique. A

test affort would bear this out.



APPENDIX A

CARMENT DESIGN JUSTIFICATION SHERTS
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T APPENDIN B

WASHABLE VS DISPOSABLE GARMENT TRADEOFF STUDY
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1.0

-In the present space program, the aspect of crow clothing in space

vebicles hes been treated with a low priority. The garment nceds

the astronauts have been mirvimal in terms of overall penalcy

h

o
to the wmission or vehicle requirements. With tae advent of longer
missions and larger crews, the clotvhing penalty and associated

systems arc no longer negligible asd reguire imvestigation. One

such inveswigation is the basic decision to empley a daundry system

s & '
on-board a station, or contimue with the prescat concept of clothing
storage and single cycle unsage.,
This paper presents the assumptions, ground rules, trade off and
conclusion regarding the basic decision of the use of a laundry

system in a space station.
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RADE OFF STUDY CRITERYA

One of the mest tangiblc (and common) trade off criteria in the

study of comcepts for spacceralt use are welght, volume and pover.
For the Apollec and Skylab missions, thcsc.“aramctcrs arc oitremely
important due to the mission limitations and systems capabilities

== p

o

Ta

cac longer duration missions with larger vehicles and
boost capability, thesc aspocys may be reduced in importance from
‘their present status to only oncof mfany equal considerations,
Presented belov is an asscssment of the various criteria ih the
selection of any candidate system for use in a space station. There

are six major categories sclected for this trade off study:

1. Physical Characteristics

Ze - System Utilicy

(]

o Relisbility

. Safety

L

Interface

O
)

Program Impact



2,2

PHYSICAL CIARACTERISTICS

The physical characteristics of a candidate system arc 1ts weight,
volune, power, nowent of inertia and the like. Although thesc
criteria may no longer be the orimery considerations, they do |

2

constitute one of the major aspects in a system selection. The weight,

volums and power may no longer be totally limited due to lzunch

consideraticns, however, a ceiling still exists upon the total
- .
allocation of cach of these and a system cammot excecd the allocated

limit,

SYSTEM UTILITY

This criteria is a relatively ncw aspect in spacecraft system study
as all of the previous systoms have had an absolute reguircment for .
the items and systems on board. With the anticipated space station

environment being one of the improved habitability from the previcus

space programs, the selection process of spacecrait ivems changss from

its previous criticality to onc of assessment of system usefulness.,

The element of system uscfulness with regard to experiments and oper—
ational systems will become more prevalent as future vchicles are con~
cepted. Under this category, such elements as crev time demand, crew
acceptance, and combined function are ovaluated. .In the case of crew
time demand, it may be desirable to occupy a portion of a crowman'’s
time with a routine task, to avoid boredom. Time saving may not be
éesirable for a large crew with vegimented duty cycles. In the area of

crew acceptance, the utility of an item or system may be measurcd as

~to the anticipated use, once installed. The element of combined functi

i.e. one system being uscd for scveral operations (not necessorily related)

is alsc ovaluated in the untility catepory.

V7
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2.3

T 2.4

below and safety in paragraph 2.4.
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The criteria of reliability has been ©
the design of space vohicle systems to date. The aspect of faile-
safc design and redundancy has been apparent throughout all space-
craft systems. To this point, the criteria of reliability and safety
have been somevwhat sraonymous as a failure of a system has rcquircd
asscssment of its impact upoﬁfmissio% complction.' In the cstablishment
of criteria Tor a study of a laundry: system for a space stavion, these

two areas have been separated., The aspect of reliability is discussed

.

The reliability aspects of system selection’are concerncd with the

probability of malfunction, failure associated maintenance time,

]

dizpgrnosis time, repeir time, and sparcs sclestion. Alse included in
the evaluation of the impact of a particulaer system are the allowable

alternatives ir the event of failure.

SATETY

The safety aspects of system selection for a spacce station application
are cvaluated in the same mannel as for the present programs. Hamards
that may be present must be minimizced or the candidate approach with

inherently unsafle oporation rojected from congideration., Such itoms as

.flammability, chemical stability, hazardous operating modes and propa-

gating failurcs are considered in this catcgory.



2.5 ’ JNTERFACE

The interface considerations arc thosc concerncd with the impact of
the candidate system upoxn the surrounding systems. The criticality of
this criteria is dircetly dependent uwpon the point in the nrogrom &t

which the system is assessced, In the requirenents definition phase of

4

a space vehicle program, the interface criteria is ordy onc of many

Fy

critical aspects. This critéria, however, incrceases’in iaportance as
. a

-
~

the program progresses. For example, if it were desirable o place

a batlding facility on board an Apollo spacecraft, interiace coasidera—

tions render this nroposal impossible.

Tnterface considerations consist of the following items.
1. Physical Interfaces ~ shapes, mounting points,
" conncctions (electrical and mechanical)
Tinishes.
2. Functional Interfaces — cooling/heating requirements,
Tleid flows, pressure drops,
and temperatures.,

3. Blectrical Imterfaces ~ power, voltages, electrical
: . quty cycles, impedances, wave form
and BMI.

2.0 PROGRAYM CONSINERATIONS

The last major consideration in the comparison of systems is the impact
of the effort vequired to fabricate a flight system. This is assessed
in terms of development cffort, cost, schedule, required research, and

furure applications. .
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STULY CGRCUND RULES
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The results of -a trade off study may be changzl considerably by

the biased selection of ground rules. For thlz rcason, a parametric

approach to tue determination of ground rules wields the gr

greatest in-

sieht to the applicability of trade study corgliusions. Presented in
this section is the estublishment of ground rxles and the selection of
candidate systoms [or comparison,

*n

GREOW WARDROBE AND CHANCE CYCLE -

Tn determining the advisability of a laundry oystem, it is necessary

to establish the amount of clothing to be wozx by the crew., A typical
cnange cycle is presented in Table ¢ 1. In the gelection of wardrobe,
for this study, the quantity off items is basel upon intendcd crow Lsm
ouly, and not wpon intcrface, weight or eiher vomsider«tion. This

Thaseline¥ value represcents an absolute minicze in the amount of

clothing to be used by the crew-and offers tre least weight approach,

GARMENT WEICHT

Both in the casc of ‘launderable and- uﬁsDosa le items, the garment weight
is an important factor. Im fact, the actual garments may -be identical

whether washed or disposcd. Table 2 presents the weights of the "base-

lins? garments and the assunptions made., Once the total weight is deter-

~

ed, then a weal rate (in tewms of pounds of clotning per day) may be

=

established. By varying this value, the effects of longer or shorter



TABLE 1-

BASTLING CREN WARDRODE

Ttem Change Interval (davs)
Jacket 3
Trousers -3
&
Shirt 1
Bricfs i
Socks 1

Tabhie =

WARDRORE WEICHT

-Xeem {Ttem) _l_\__c_g.ng_’g_g {Ibs.) Wear Rate (ib/day)
Jacket 0.91 ) ' 0.303
Trousers 0.75 0.25
Shirc 0 0.29
Briefs ’ 6.1.} 0,13
Socks ‘ 0.025 O.,-O?.S
Total Wear Rate 998

- 1.0 1b/dey

n-0a



3.3

wearing periods or higher or lower garment woights may be scen. As
stated above the "bascline® clothing elliocation ropicionts the Yminimum

garment weight! approach.

DISPOSABLE GARMEXT CROUND RULES

a .
TFor cach candidate approach, there axe ideal around rules in which an
approach is scen at its best. The gr&und rules that favor a disposable
approach arc these asswning light clothing weight, low volume, impreg—
nated germicides, and now-flammable materials, Although these aspects
are desirable, there is presently no one material cxhibiting all of
vhese characteristics, Tor this reason the following assumptions are
made [or the disposable clothing:

. A, Clothing Material ~ Cotton/Dacron or equivalent for outer

’ " garments — {PBY and Durette are compar-

able materials) Non woven composite
material for underweer {briefs, shirts)

B. Clothing Weight ~ Ranging between 1.0 1b/day and 2.0 1b/day
. wear rate.
C. Volume - " 45 1b/cubic ft. — based upon folded
garment data

TAUNDRY SYSTEM CROUND RULES

Prior to the comparison study of a disposable garment system approach
with a laundry system, it is neccessary o determine which
Laumdry techmique is to be comparcd. Since there arc many concepts,

designs and cycles, & screening process is necessary. The Tirst aspect

-7
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3.4

LAUNDRY SYSTEM GROUND RULES {CONT™D)

is the rcecognition that the lauwndry system consists of several sections

including:

1. Washer and/or dryer.
2. Solvent Storage Section

3. Solvent Recovery Scction

N *

The schematic of the system is presented in Figurc I and each arca is

discussad below,

WASHER/DRYER SECTION

The washer/dryer sections contain the clothing agitation or tumbling
] -
provision necessary to cleaning. In the washer this agitation may be

P 1 n |'_ R X ‘._',,_._....,.__ s —‘—‘ . A ., _ B " . T S, B
arovided by several techniguo:n including vhe moliuns of a rotary dvuwm,

oscillatory agitator, mechanical vibrator, ultrasonic input or hign
velocity jets. Tor various rcasons ranging from the lack of gravity to
inapplicability of techmique to clothing, the only approach within the
Cad s . - . e -4 v o =7 Ea 1 [y Py
sresent state of the art 1s by means of an oscillatory washer. This
approach involves the use of a fixed tub and centraliy located agitator

in vhich the tub is completely filled with clothing and water.

The dryer aporoach sclccted for this study is an aly tumbling method

+h

in whicu jets of hot air are divccted at the c¢lothing. These air jets

T,

_evaporate the water in the clothing and provide the tumbling mechanism,

1, There have been scveral other concepts for clothing mastication in

zero gravity which may be applicable, however, for the purposc of
trds study, the osciliatory approach is used,

B-8
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WASHIR/DRYER SECTION

{CONT™D)

In each of these arcas there are

These eround rules ave presented i

WASFZR/DRYER SECTION GROUND

RULES

for a

1 ¥

Wator Regquired

Load Factor — 3.3 ibs. clothing cu. ft. of washoer
Load Size — 7 1lbs. of clothing
Washer Usc ~ 2 wash cycles/day
Wash Incerval ~ Weckly
Drying Time — 1 hour )
Wash Cycle - 15 minuteg suds, 15 minutes rinse
¥ash Temperature — 140 F. >
Vagriations to sach on the above growndrulces wmay bo mads,

resulting impact upon the washer/dryer section will

R p—
LOVSY D

several ground rules to be established.

Thasedine washer and dryer system are:

2
~ 15 1bs, water/1b, clothing/rinsc cycle

- e~
x ot gt

7

not be great.

Changes in these wariables will have effect upon such sections as the

watTer recovery and power systems (as described in the next paragraphs).

SOLVERT STORACE SECTION

{

In the review of possible cleaning solvents, it has been
is the most desirable. Its selection is based upon:

=]

crait facilitiecs.

1. Bascd upoa most

o
EX

cound that water

"Dry® cleaning fluvids are gonerally toxic and/or flammeble.
Watcr vapor or drops are casily romoved from the atmosphere.
Reclamation process is iaterchapngable with existing space-


http:wash7.er

SOLVENT STORAGE SECTION

The amount of water to be stored is a function of the rate of water

roccveny of tae recimmation systoe. The smownt ef watcr regquired for
each washing cycle is conseyvatively estimated at 15 pounds per pound of
clothing for the suds and rinsing operations. Assuming that 2.5 pounds

of woter are absorbed per pound of clothing, a seven pound wash requires

‘105 1bs. of water/detergent.mixture and 87.5 pounds of rinse water.

. g

Assuming that the suds water may be rdcycled as in present dry cleaning
operations, the only water recovery requlirément is ©o procoss thé Tinsc
vater quantity.' Asswning that half of the absorbed water in the clothing
is collected with the rinsc water during a spinning operation ( the other
half somoved during the dr

» gperation), a ntity of 192.5 Ibs. must

.x.

rin
be processed. A rinsce water storage quantity of 175 1bs, is reaquired as
the wash cyclie mey occur at any period in the day. Together with 105 .
Ibs. charge of wator/detergent solution, the total storage quentity is
280 1bs. As proviously mentioned, these. values are dé ecadent upon the

specific amount of water assumed required to totally clean the clothing.

WATER RECOVERY SECTTON

The water recovery section of a clcaning system processes the rinse

wvater and renders it reusable in the washer. TFor the purposcs of this
analysis, it is'assumcd that the suds water aeed no further processing
other than the filtration provided in the washer wit, If fu“uuvr SUGS
processing is recuired, the weter recovery rate is approximately do ed

ard the storage quantity increascs by 3 iR

B-10



3.4.3

WATER RECOVERY SECTICN (CONT'™D)

The candidate systems for processing water include the following:

1.  Filtration
2.  Alr BEvaporation
3. Reverse Osmosis/Vapor Compression Combination

4.  Vapor Compression
Lo A

For this analysis, a roversc osmosisyvapor compression tochnique is
chosen for the recovery of rinsc vater, This selection is wade on

the basis of least weight, power, and volume while properly purifying
e water. It is also compatible vith the prosent concepts anticipated
for the space station water management system for urine and hygicne water

TRCOVETY.

TRADE OFT" MATRIX

The: summary trade off metrix is shown in Table 3. Fach of the evaluation
Eriteria discussed in section 2 is considered in the comparison of the
candidate approaches. The trade off is bascd wpon a 12 man crew and

180 day mission vperiocd, A swmmary of the results is prescnted below:

Criteria Laundyy ' Disposables
Weight X
Voluue X .
Power x
Utility X

. Reliability : X

- Safewy Equal
Interlace i
Program Consideration - X

B-11
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4.0

i

TRADE OFF MATRYX (CONTTD)

As it may be scen from the above, the ultimate sclection is based upon
the weighing Tactors cmployed with the eriteria, Tae sclecticn way he
changed with the blas_i. ol assumptioas in terms of vhether it is desire
able to obtain an Earth type oxistance on board the space statiocn.

The laundry system is advantageoﬁs from the conventional standpeoint and
disposables from an cxpedicncy poirt of view. .

-]

-

By incrcasing the wardrobe roquircments for the crow, the comparison

remains approximately cthe same in ¢hat the ranking is the same,

CONCLUSION

-

It is cencluded that a laundry system should be developed for use-in
a

spa

{‘)
Lo}

station., This position is based upon its ultimate use in space-

ol

ase {to 31rulauc earth conditions) and its relative lack of complexity
in vicw of other space station systems. The ¥orade off study! between

a laundry and disposables appears ©to be an analysis of the time period

of switch over from disposables to the laundry system.

Yo

A comparison of this problem may be made to the design of carly cuviron--
mental control gystems.. The first units werc relatively low complexity

systems with high cxpendable rates (stored oxygen, Lithium Hydroxide,

etc.,). In the nent generation of systems, the closcd _cycle or regencration

canavility was introduced allowing more mission paylead. Although the use
of digposables clovhing is attractive from several vievpeincs at this

Time, iv is & ¥irst gencration solution which will un.d‘,rgo an ultimate
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TALLE 3 TRVE Y MATRIX

— ANDLDATE . . . . I
crum\i: v LAUNDRY SYSTEM DTSPOSABLE CARMENTS SELECTICH
\ ey
\k“‘v )
Physical Ttem Weight (1b) Jrem Veight Laundry Svstem
Chmioteristiias
: Garments Garments o
Weicht (1.0 1b/day-man )} T 90 (1.0 1b/day~man)—— 2,160
Puckaging ?ackéging’ 43
(2% of clothing weight)-— 2
Washer
(weckly lcad, two
operations a day—- A0
DIy G 60
?ﬂ Vater & Tonks
i 15 1b water/ib clothing |

2 rinse oycles/day——— - 300

Recovory System
(rinsc water only). . ... 200

Expendables

(detergent, precipltating
BECNTS ) _ - 20

Total

" 718 1bs.

Total

9,203 lbs.




TABLE 3 TRADR @ MATRTX (cox""

T CARDIDAIE

ORTTIRIT™m

LAVNDRY SYSTEM

DISPOSABLE GARMENTS

SELECTION

Recovery System

Total Elcctrical
Thermal

per cycle

440 Vatis
9,000 3T

prs— - H-"““-n.
Mivsical Item © Yolume __Q?‘_le Item Yolume {Ft{l Laundry Systen
Chavacteristics
(Cenz!d) Garmentcs 3 , Garments Co48
(45 W/17) 2.1 :
Volune
Washer 3
@ 3.0 1b/Tt 2.3 Packaging 1
Jryer 3
@ ?-’-0 :!..b/f't rr—— 3.5
Tankagem— 5.0
& Recovery System—— 2.0 >
b cst. .
L';'
Txpondable g -5 -
cst,
Total 15.4 Total 49
Pover Ltem Power [Watts) s Disposables
Washere—- 200 NONE
{est)
Dryer 9,000 ETU
' required



TABLE 3 IRADE OUF Q?}E?Hl}{ (CONI"D)‘

\\

CRITIMTE .

— CANDYDATE
\-\‘%

TAUNDRY SYSTEM

© DISPOSABLL GARMENTS

T

SELTCTION

rn
-1
C
b
3
=

Lt

gl

b
e

|

UseTuliness

Crew Time Depand

.

T,

)

The laundry system will be ulti-

\ - - '
~mately used in a space base if

carth conditions simulation is

2 goal, Its usefulnass an cxperi-
ment in early space station or
Skylab missions is high duc to
its eventual inclusion in subse-
quent missions.

The crev time demand 1s approx--

imately one howr {not necessarily{

'cont'i,nuous) once a wack per
member,

This consists of transporting,
inserting, rcmoving. folding
clothing during' washing and
drying operations.

The uscfulness of disposable
garments is based upon the
promise that another on-board
mechanical system ond associatoed
penaltics will not be necessery.

4’1‘110 time demand for disposable
clothing reduction or return

to storage is included in the
normal time allotted for dressing.
The only time associated with
garmnent preparation is concorned
with reduction operations such

as incineration, shredding on
packaging for siorage.

Yaundry Sysicm

Equal
Slight advantage
.to Disposables
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TABLE 3 TRADE 0FF§§§IRIX (coxem)
‘“—.‘_‘_- ' - Femas
CANBIDATE S, . - N et G
\ : LAUNDRY SYSTLM DISPOSABLES SELECTION
L’:\-{ll.h]‘j \\\ ‘
- = r
Systen Urility (Cont'd)
Crew Accoptance The clothes clecaning operation Crew acceptance of disposables Equal
{Operabilaty), is & familiar task that requires depends upon materials used. If
little crew training. Crow . fabric articles arc used as in .
acceptance should be immediate, prescnt missions;. crew acceptance
is also easily anticipated,
Conbined Function “ | Laundry System Washer may be Disposable clothing may be cut Equal

source of small gravity fiecld
(during spin) and may be used
as coentrifuge for experiments.

Dryer has application for
tunbling of objects with air jets

Either washer/dryer provide
storage spacc when not in usc,

.

and used for hygicnc purposes -
clothes, towels, wipes (once
iroated with a gormicide).

.

. IF disvosable clothinhg is of
proper meterial, chemically
reduce, collect and reusc by-
products.’




TABLE 3 TRADE (E‘*’fg MATREX (co:\"rv‘
“a »

r———r —

Corats

e CANDTOATE
CRITERTA

LAUNDRY SYSTEM

4

DISPOSADLE GARMENTS

SELECTION

Reliohility

Probability o
Malivunction

Teidure lssociated

LA -
SOOLHTS)E NI

Failure Assocaitoed
Yenoltics

ol

System contains scveral motors,
solenoids; valvesg,filters and
as.such Is lilrely to have mal-
function during mission.

The diagnesis of a fallure of

the laundry system is rclatively
uncomplicated and repair possible
by an on-board technician,

Weight, and Storage of on-board
spare parts, Alternative to
repadr is hand vashing of
clething wntil resupply shuttle
brings parts.

Virtually non-existent.  Possible
addition of germicide or odor
depressant for stored uscd
clothing. Only possible mal-
function ocours in clothing
reduction equipment (if necessars)

Disposables

Disposables

Disgposables
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TABLE 3 TRADES MATRIX {co:\':rwji!_
a2 B

T - .
T GANDIDATE T AINIRY SYSTE _ N N
e, SARIRDATE LAURIRY SYSTIM DISPOSABLE CARMENTS SELECTLON
{.\'RIT L‘l.{:] :\ -‘...‘~"|~~ . -
““-h‘\-.’
o o e e e en g — S
Safety . Therc 2re no single point safcty With proper selection of materials Egqual
hazards (& failwre which results and processes, no single point
in erev injury) in the laundry failure can resuls.
systom. Thesce are climinated
through proper design and system
concept, Minor injurics may be
reduced (hands in rotating
machinery, burns, accidental
discharge of water Trom washer)
by the use of interlocks and
guards, '
v . - AT iy T arn b s L L BT b Y AT IRCANEL e T, A‘;-Jir;l-ndd'w-’.a'\'r&.‘-ﬂ‘.‘-.‘_'-&m..v\.'.'v:u IS TS, e -P.’__::ﬂ\'\"f‘:‘l_.t,a:—" 4T A G T AT e A AT s v DR G
&‘ -
-t
s

Interfoace

Py it

Physical

The Jaundry systom contains

the physical interfaces com—
parable to the complexity of a
present state of the art regen-
erable carbon dioxide rcmoval °
system. Weter, calin . gas,
elcetrical and mounting comnectiors
are necessary.

Volume must be allocated lor
mission period storage for both
wnused. and wsed clothing. The
total volume must be casgily
accessible to a crew moember.

Disposables




TABLE 3 JRADIEEDF MATRTX (CONT 't

— e -

CANDT A
CRETIRTA

LAUNIRY SYSTEM

DISPOSADLES

SELECTLOX

L o far e S a8

Interfage (cont!d)

-

Functioral

Tlecirical

Approach reguires heat for wash
water and dryer air. (Elecctrical

or waste heat).

Although recovery system requires
heat/high pressure/vacuum, it is
alrcady prescnt in defined woter

monagement systoem.

Blectrical interfaces include

power For water heating, washer,

drver and recovery wniilt.

Storage is passive,; functional
interfacecs inglude matevial
and fire compatibility, with
atmosphere and storage.

None

Iisposabics

Digposables

5o |

Prograr Considerations

Development Bffort

Vasher/Dryer are only itoms
requiring development effort.

Vater recovery techunique is
presently being developed in
conjunction with ECS,

5

Fabric development for light
weight disposable garment that
is absorbent. wear rosistant
and strong.

Disposables



y h

(X

b

[S4]

t

TE ppe v e s-“;‘ PP Y . oytE s SR iy
2 TANE 3 1‘11:\1‘:.%&?1' I RLX {CONT

"~

T, CARDIDNATL
e,

e e b A

ORITIRIA \m___\ TAUNDRY SYSTEM DTSPOSABLES SELECTION
-.\,._‘““‘_
Tesc /S hedule The cost of these systeus With fire retardent material Disposablics
(siasher/dryer) is due to the average expense and labor at’
development of two ilteoms which $500. por daily wardrobe -
have never flown previcusly. $650,000. for a 180 day period.
They arc, howaver, within the )
state of the art and are not
complox. {Fstimated 10 million)
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