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SPACE GARMENTS FOR IVA WEAR

SUMMARY

In space, garments are a basic necessity to provide crewmen
with thermal comfort and support for almost all of their
activities. Overall, the Skylab garment design, which was
generally well accepted by all the crewmen, is recognized

as a major contributor to their overall efficiency and well-
being, while also adding to the general habitability of the
spacecraft.

Some of the more important lessons gained in the area of
garment design and use through Skylab experience include the
following:

e Personal preferences and style--as demonstrated by
the varying frequencies of change, modes of dress
and selection/use of garment options--are an inte-
gral part of the garment system. These factors
should be considered along with function and system
integration when designing future garment systems.

e Daily changes of underclothing is highly recommended,
with less frequent change suggested for outer wear.

e Pockets should receive a greater level of attention
in the design/development phases.

e Body changes in zero-g must be considered to ensure
satisfactory fit.

e Greater emphasis must be placed on developing foot-
wear to withstand the rigors of crew use.

e Garments made of absorbent material and worn in space-
craft having limited stowage/trash disposal facilities
should be considered for a second role as housekeeping
rags prior to final discarding.

o Maximum use of standard-size, off-the-shelf clothing
for items such as underwear, will minimize cost and
broaden the population of crewmembers having ready
access to these garments.



In summary, in the words of one Skylab astronaut:

Although many things in the space station operation
are optimized to an unnecessary degree, the clothes are
not. They are probably one of the best tools you have
all day. You need the pocket Jjust the right length and
width to accommodate such items as pencils and books. The
clothes for Shuttle should be designed precisely with
day-to-day operations in mind. An ordinary pair of
coveralls will not do. Let me give you some examples.

We all wanted our scissors. Those scissors pockets were
terrible. The flap didn't overlap enough, and they just
had a 1ittle piece of velcro on it. Same thing with the
knife pocket. Those things are important and they allow
you to do the job day after day so much faster and smoothly
if you have everything where you can grip it. So the
Shuttle crews should have their clothes designed to suit
their particular needs. They should consider what they're
going to use each pocket for. That became critical as
far as where the tape and your timer were. All those
things should be developed first, then the clothes can
be designed. They don't have to be custom made. If we
had done a better job on the clothes, we could have worked
* faster on a day-by-day basis.*

PRE-SKYLAB EXPERIENCE

Man in space requires garments to support his well-being,
comfort, and activities while inside the habitable space-
craft environment. However, because of the hostile environ-
ment outside the space vehicle, the clothing of early

spaceman became 1ife-sustaining, protecting him from the
virtual absence of oxygen and intolerable temperature extremes.
This life support function became the prime driver in the
design of early space wardrobes.

The Mercury and Gemini garments were based on providing
thermal comfort for the crewman, as well as a pressure garment
for contingencies (where vehicle pressure was lost) or for
extravehicular activities. Garment materials were selected
on the basis of non-flammability and non-offgassing in the
spacecraft environment, with Tittle regard for crew "touch
comfort." Garment quantity on board was usually limited to
what the crewman wore at launch. Mercury space suits were
worn from launch through recovery. Only the 14-day Gemini
VII crew doffed their pressure suits while in flight. With
only the pressure garment or the "long-johns" worn under it
as the outer garment, little attention was paid to such

*SL3 CDR, SL1/3 Corollary Experiments Debriefing, October 16,
1973, JSC-08482, pp. 16-17, Ref. 2.66.



characteristics as style or color.

These "neglected" characteristics received increased attention
during the Apollo Program as mission length and number of
crewmen increased. In the somewhat larger Apollo spacecraft,
man was more mobile and performed more complex IVA tasks in
the "shirtsleeve" environment he was provided. Thus, for
the first time, the garment system addressed not only pres-
sure suits for thermal and pressure protection but also
specific IVA wear designed for function and crew comfort.

A three-piece flight suit--consisting of jacket, trousers,
and shirt--was provided for the Apollo crewman to wear when
the pressure garment was not required.

By the end of the Apollo Program, space attire had progressed
from archaic pressure suits to those having increased mobility
and comfort for supporting extravehicular activities, comple-
mented with shirtsleeve garments for almost all intravehicular
activities.

SKYLAB DESIGN

Skylab was the first space program during which astronauts
were to live in space and perform primarily intravehicular
tasks. The garment design philosophy was one of providing
pressure suits for extravehicular activities and informal
shirtsleeve garments for intravehicular activities. Although
the resulting garments did compromise crew comfort with
materials requirements for the Skylab environment, crew
"+ouch comfort" and overall appearance weighed more heavily
in determining the final design. Individual garments (e.g.,
shirt, jacket and trousers) and removable trouser legs
allowed flexibility in achieving thermal comfort across the
broad range of Skylab IVA tasks. Personal preferences were
allowed for items such as pocket design and underwear style.
Standard-size, off-the-shelf garments had been included for
the first time in a spaceman's wardrobe.

With a crew of three for a planned maximum mission length of
56 days, the cost of having reusable garments laundered in
orbit--in terms of weight and volume for a washer, added
water, systems hardware, etc.--was too great for Skylab.

The garments were disposable.

Progressive modifications to Skylab garments in terms of
quantity and design were made as experience was gained from



the first and second crews. These will be discussed in the
paragraphs below and in the "Skylab Experience" section of
this bultletin.

The following paragraphs describe the intravehicular garment
inventory available to and used by the Skylab crewmembers.

Jacket Assembly

The Jacket Assembly was a contoured, custom-fit, waist-length
jacket, fabricated from brown, fire-resistant woven durette
fabric. The long sleeves incorporated rib-knitted durette
concealed cuffs, which could be cut out during mission usage,
as desired, without damage to the sleeves. Expansion vents
(of spandex and durette) were incorporated into the shoulders.
The jacket also featured an adjustable conformal waistband
and a full collar. The waistband included three snaps which
interfaced with the trouser assembly; two of these snaps

also interfaced with the OWS wall snaps for temporary jacket
stowage.

A front, full-length separating zipper facilitated donning
and doffing. Tabs and attachment points were strategically
located to restrain communication leads. Four packets were
provided on the jacket. A divided pocket, having a flap
and velcro fasteners, was provided on each upper arm: the
right arm pocket was designed for penlight and pens, while
the left pocket was for sunglasses. Two vertical insert
pockets with concealed-zipper closures were located on the
front torso for stowage of miscellaneous jtems. Above the
left arm pocket was the American flag emblem. The NASA
emblem appeared on the upper right front section, while the
crew emblem and name tag were Tocated on the upper Teft
front section.

The Jacket Assembly is shown in Figure 1. The planned jacket
use rate was one per crewman per week.

Trouser Assembly

The Trouser Assembly (Figure 2), also fabricated from brown,
fire-resistant woven durette material, was a custom-fit,

waist-to-ankle trouser. At crew option, the trousers could
be easily converted to above-the-knee shorts by unzipping a
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concealed zipper and removing the Tower trouser leg. As in
the jacket sleeves, the legs incorporated rib-knitted durette
cuffs, which could be cut out during mission usage, if a
crewman desired.

The adjustable trouser waistband, providing stability and
sizing comfort, had three snaps which interfaced with the
Jacket Assembly (described above). One of these snaps would
also interface with the OWS male wall snaps for temporary
stowage. Communication lead restraints, a tab and attachment
point (clamp retainer), were provided on the front of the
trousers.

Four utility pockets with zippered closures were Tocated on
the front of the trousers. The right thigh pocket, a stan-
dard flush pocket, had a small pocket outside for pens/pen-
cils. The crewman could choose either flush or box pockets
for the left thigh and both leg pockets. These pockets were
sized to accommodate all flight data books. The crewman
could also select any or all additional pockets on the back
of the trousers: book, knife, and scissors pockets. The
book pocket was sized to accommodate the Teleprinter Message
Book. Elastic webbing and a fold over flap were included in
the top edge of the pocket to position and hold the book.
The knife pocket was sized to accommodate a Swiss Army Knife.
The closure on this pocket was velcro. The scissors pocket
was to accommodate a Scissors Assembly, including lanyard.

A velcro closure and scissors lanyard socket snap were at
the top of this pocket.

Trousers were provided at the rate of one per crewman per
seven days.

Shirt Assembly

Fabricated from brown, fire-resistant polybenzimidazole (PBI)
or knitted durette fabric, the Shirt Assembly (Figure 3) was
a shortsleeve, pullover shirt which incorporated raglan
sleeves and a mock turtleneck collar. The shirt tail, a
straight cut side-slit design, was to be sufficiently long
to be retained under the trouser assembly waistband.

Two tabs and two attachment points on the shirt front were to
serve as communication lead restraints. A zipper-closing
utility pocket was located on the upper left front section.
Shirts came in five sizes and were stocked on the basis of
one per crewman per seven days.
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FIGURE 3: Skylab Shirt Assembly

Boot Assembly

The Boot Assembly was a Tightweight pair of ankle-high boots
made from woven durette for the SL2 crew and from Kevlar for
the SL3 and SL4 crews. An inside-sole comfort lining of sim-
plex knitted durette provided foot protection from tightness
or material bunching. A sole stiffener and sole vents were
incorporated for added comfort. A side-mounted zipper facil-
itated donning and doffing of the boots, which were designed
to have minimum effects on crewman mobility. The Kevlar
boots, which had been provided to reduce boot wear, had two-
ply vamp and toe layers.

The Boot Assembly, depicted in Figure 4, came in six standard

and three custom sizes. The planned use rate was one pair
of boots per crewman per 14 days.

Glove Assembly

The Glove Assembly (Figure 5) was a pair of wrist-length,
lightweight, five-fingered gloves. The unlined gloves were
fabricated from fire-resistant simplex knitted durette, except



FIGURE 4: Skylab Boot Assembly

(RIGHT HAND GLOVE SHOWN)

FIGURE 5: Skylab Glove Assembly



for the palm and front of the gauntlet, thumb and fingers,
wnich were fabricated from seamless deerskin.

The glove, which came in six sizes; completely covered the
hand and wrist for comfort and protection, while allowing
only minimum degradation to tactility and mobility.

Two pairs of gloves were provided each SL crewman.

Underwear Sets

Skylab crewmen could select from four options for underwear
sets. Each 28-day Clothing Module (described below) original-
ly contained 14 of these sets, permitting a change of under-
wear every other day. Additional unaerwear was provided

after SL2 (see "Skylab Findings" section for more detail)

for the SL3 and SL4 crews. One set style or a combination

of styles was allowed.

Set 1 (Figure 6) was a Full Union Suit having integrated socks
but without an opening in the seat. An off-the-shelf item,
the suit was 100% white cotton and came in standard sizes.

Set 2 (Figure 7) was a Half Union Suit. This suit completely
separated at the waist, the lower half having integrated socks
and no seat opening, and the upper half a standard pullover
T-shirt. Both halves were off-the-shelf items, 100% white
cotton, and came in standard sizes.

Set 3 (Figure 8) was a 3-item set: T-shirt, shorts, and socks.
Three different styles of shorts were available: Jjockey,

knee, and boxer. A1l shorts were white cotton and standard-
size. The socks were white cotton and featured a reinforced
heel and stretch top. The T-shirt was the same as in Set 2.
The socks and T-shirt were also standard-size.

Set 4 (Figure 9) was an Apollo Constant Wear Garment (CWG),
made of white cotton. The CWG was standard-size.

Garment Stowage: 28-Day Clothing Module/Contingency Clothing
ModuTe

Twenty-eight-day supplies of the above garments were originally
packed as a modular unit for each Skylab crewman: one module
per SL2 crewman, and two modules each per SL3 and SL4 crewman.
The garments (excluding gloves and boots) for each of the
crewmen were packed into a rucksack (as described below) to
make the 28-day Clothing Module.

10
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The Clothing Modules (sans Valet Kits), designed to fit the
standard OWS stowage locker, were stowed in the Sleep Compart-
ment (lockers S912, S924, and S934) for the on-board crew's
use (Figure 10) and in the wardroom for the follow-on crews
(Figure 11). Valet Kits--each containing one pair of boots
and gloves--were stowed in one Contingency Clothing Module
(see below) in OWS forward dome Tocker D416. Garment quantities
selected by the Skylab crews for inclusion into their clothing
inventories are shown in Table I. Contingency clothing (for
backup crewmen) included 2 pairs of boots, 4 jackets, 6
trousers, 8 shirts, and 14 pairs of shorts.

The rucksack (Figure 12), fabricated from smooth-surface 14-
mil Armalon, was sectioned into seven areas for specific
garment containment. Each section was labeled to facilitate
arment identification, and separation tabs and a hook/pile
?ve1cro) closure system were incorporated in each section to
allow single-item removal without affecting remaining items.

As a sub-assembly to the rucksack, the Valet Kit (Figure 12)
provided sectioned-stowage for the boots and gloves. The
Valet Kit could snap to the rucksack and could be removed

as a unit and snapped to the OWS walls for temporary stowage.

A Contents Label (Figure 12) included in the Clothing Module
identified the crewman name and garment contents (item and
quantity) of the Module. The Tlabel also indicated the garment
change cycle and enabled the crewman to keep track of garment
quantity remaining.

Used clothing and empty modules were to be disposed of through
the Trash Airlock (TAL).

Construction of the Contingency Clothing rucksack was identi-
cal to the unit discussed above, except the contingency
rucksack had only three sections (Figure 13), and no Valet
Kit attachment snaps were provided.

Within specified weight and volume requirements, a combination
of garments was packed into two rucksacks: one contained the
garments which fit backup crewmen for the last two Skylab
missions. The other contained all gloves and boots in Valet
Kits. The two contingency modules were stowed in the OWS
forward dome area locker D416 (Figure 11).

13
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FIGURE 13: Skylab Contingency Clothing Rucksack

Triangle Shoes

The Skylab portable foot restraints, more commonly referred to
as the triangle shoes, were not specified as garments, per se.
However, since in some cases the crewmen tended to wear them
as full-time footwear, the shoes (not to be confused with the
soft boots described above) will be discussed as such in this
bulletin.

The triangle shoes (Figure 14) were custom-fitted, high-top,

lace-up shoes. The vamps were PBI. A removable triangular

clete, which mated with the OWS grid, was fitted to the sole.
A modification to the shoes in the form of protective toe

" caps was made for the SL3 and SL4 missions (see "Skylab

Experience" below). Each crewman was provided one pair of

shoes per mission.

17
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Bump Hat

The Skylab bump hat (Figure 15) was a hard-shell "hard hat"
molded in a polyimide-fiberglass composite. The 2 .5-pound
helmet was to provide protection to the crewman during
operations of the M509 and T020 experiment maneuvering units
and during miscellaneous (e.g., maintenance) activities. The
hat featured adjustable chin strap and headband assemblies
made from PBI fabric, felt, and webbing, and a shock absorb-
ing headliner made of Fluorel foam rubber. The one bump hat
provided could accommodate the "Snoopy hat" communications
assembly.

FIGURE 15: Skylab Bump Hat
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SKYLAB EXPERIENCE

Thermal Qualities

The crevwmen were provided a multi-garment system which incor-
porated trousers, shirt and jacket to be worn over the
underwear. This inventory provided flexibility to the crewman
for achieving thermal comfort by donning or doffing the jacket
and by attaching or detaching the lower legs of the trousers
with zippers. Gloves were also provided for thermal comfort
and protection (as well as abrasion protection--this section
addresses only the thermal aspects; the reader is referred to
the "Head/Hand Protection" section for additional information).

The flexibility to use clothing as a means of keeping thermally
comfortable was well accepted by all crewmen, as evidenced by
the following crew comments:

® '"The concept of...short sleeves and short-Tleg and...
Tong-Tegged pants is superb. It works great. We
used them a lot, and [that concept] should not be
changed." (Ref. 2.14)

e "It was a little warm, but it cooled off after we
got the lights off and so forth. And it warmed up
in the afternoon, and we circulated around in here
with everything from full trousers and shirts to
skivvies--and seemed to feel quite comfortable
temperature-wise in any of those clothes." (Ref. 2.16)

® "You use a Tot of clothes in this business. You use
clothes for when it's cold in the MDA, when it's hot
here [in the sleep compartment]. You got your gym
clothes for exercise, and you got your sleep clothes."
5. W(Ref. 2. 21)

@ "But I find...the garments are adequate in terms of...
warmth...and that they are flexible enough so that
they can be adapted to the environment that they're
going to be in." (Ref. 3.24)

® "llell, temperature...was hot when we got here. It
cooled off and was quite comfortable, and now we're
back up into a hot cycle again. It's starting to get
warm.... And the [spacecraft ECS] system can't keep

20



up with it and it's just getting warmer and warmer,
but, thank heavens, we can doff clothing and stay
reasonably comfortable." (Ref. 3.24)

Comments dealing with specific garments were also plentiful.
Most of the remarks concerned the jacket, particularly its
use in the MDA which apparently was the coldest "room in the
house" (see also Ref. 1.29, 1.45, and 2.39):

o "You got to keep in mind we're [in] a Tittle off-
nominal situation, although we're basically nominal,
that is, with MDA heaters on. There was a span...
[in] which MDA was warm enough that the jacket was
not required. However...before that, and as it is
now we have the MDA heaters off in order to help keep
the workshop temperatures down. Therefore, it is
warm in the workshop and chilly in the MDA, and a
jacket is an extremely useful item." (Ref. 1.27)

e "The jacket is used daily, every other day, depending
on how long I'm spending in the MDA, the cold part of
the vehicle. It's not on all the time, and I wouldn't
be without it." (Ref. 1.28)

e "...the crew quarters tended to be a bit warm and the
Multiple Docking Adapter was too cold. Crewmen
generally wore jackets for Apollo Telescope Mount
operations." (Ref. 1.49)

@ CC: "And on the TV down here, we're seeing everybody
wearing jackets. Are you cold up there?"
SPT: "It's a lot cooler." (Ref. 2.18)

e "And in the event that I have a...tour of duty at the
ATM or in the Command Module and I'm going to be there
for a while, I zip the legs in, and I even bring a
coat [jacket] if I feel it's necessary." (Ref. 3.24)

e "It gets a little cold up there [MDA]. I had to take
a jacket up there to work on the ATM or anything else.
I come down to the OWS, and I find myself taking the
jacket off; sometimes the T-shirt." (Ref. 3.30)

Additionally the jacket was used for another purpose during
SL2 parasol deployment activities when workshop temperatures
were high: 1

e "I tried it for a while without my jacket. Actually,
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your jacket served as a thermal barrier against the
radiant heat from the walls. I took my jacket off,
and after 15 minutes or so of that, I put it back on.
%t;g)more comfortable with the jacket on...." (Ref.

The crews' acceptance of the trouser leg design can be sum-
marized by the following comments:

e "A very pleasant feature that I found was the ability
to zip on and zip off the legs of the trousers. I
found that to be very pleasing and convenient, and
whenever the weather was warm, I was quite comfortable
in the short trousers." (Ref. 3.49)

¢ "The flexibility of being able to take off the legs
and have shorts and have the long legs, I think was
a very good design idea." (Ref. 3.17)

Only during SL2 was a desire for a lighter (than the jacket)
shirt with Tong sleeves mentioned (Ref. 1.20). Only one of
the nine crewmen voiced this personal preference: "I run
cold all the time. When I was operating up in the MDA for
four passes on the ATM, I'd get pretty cold...." (Ref. 1.55)
He continues, "I would have 1iked to have had a Tong sleeved
shirt Tike T-shirt or cotton only because that's the stuff
that stays close to your skin, you know. You wear that jacket
~--but in zero-g everything tends to float out. My arms used
to get a Tittle cold sitting up there.... But that's an
individual thing again."”

tlowever, most crewmen agreed on the use of the T-shirt/brown
knit shirt combination. Although the pre-flight plan was for
the crewman to wear the brown durette shirt over the cotton
T-shirt, the crewmen commented:

e "It was a bit too warm to wear both the T-shirt and
the soft shirt." (Ref. 1.46)

e "That's right, we operated with the T-shirt or the
gold [brown knit] T-shirt, but never both." (Ref. 1.46)

e "I would feel more comfortable with just a T-shirt.
Ideally, if you were running 68 or 70 degrees, you
would probably wear them both. You would wear the
T-shirt to absorb perspiration and the PBI shirt over
that. But it was too hot a lot of times to do that."
(Ref. 1.55)
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¢ "During the day, I don't wear the turtleneck--what do
you call it--the [durette] shirt either because...it's
just too warm...and it's got that turtleneck to increase
the warmth." (Ref. 2.30)

o "I just wear the jacket over my bare skin. And it's
cool that way." (Ref. 2.40)

Underwear or socks worn at night complemented the sleep restraint
blanket provisions:

o "...[the sleep compartment air vent] keeps my feet
cold all the time. And that's one of the things that
cause me to, on cool days, to sleep in a half union
suit in order to keep my feet warm." (Ref. 3.17)

e "I usually wear one or maybe two pair of socks at
night just so my feet don't freeze." (Ref. 3.29)

e "And so when the beta angle gets lower and we start
getting cooler, I just put on a half union suit. That
keeps my feet warm and the rest of my body stays quite
warm. In the very hot weather, I sleep in the nude.
...[by] changing what I sleep in, the clothing I sleep
in, ...1'm quite comfortable in the sleep restraint.”
(Ref. 3.15)

However, while satisfying body-weighing requirements in the
morning, crewmen reported getting "chilly" while wearing
only underwear (Ref. 2.68).

Gloves were used for thermal comfort (Refs. 1.55 and 1.10) and
thermal protection (Refs. 1.1, 1.2, 1.24, 1.27, 1.38, 1.53

and 1.55). The gloves were used for protection primarily during
initial SL2 workshop entry among hot hardware and for scientific
airlock (SAL) experiment rod retraction. Gloves were used for
thermal comfort primarily in the MDA, where temperatures were
Tower. :

One of the major Skylab garment findings concerns the use of

a two-piece set (shirt/trousers) rather than a one-piece
coverall-type flight suit. From a thermal consideration alone,
the crews' overwhelming acceptance and favoring of the two-
piece set can be inferred from the comments above and summarized
in this comment by the SL3 PLT:

There was a lot of discussion preflight about
one piece versus two, and I think two is good
because it gives you the flexibility to stay

at whatever temperature you want. (Ref. 2.66)
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In summary, Skylab garments were generally satisfactory for
crev thermal comfort.

Pockets

Skylab experience demonstrated the high degree of importance
pockets have in the design of space clothing. Crew criticism
--both positive and negative--emphasized the criticality of
using the garments as "probably one of the best tools you
nave all day" (Ref. 2.66), particularly the pockets. Most of
the crewmen agreed on the desirability of providing pockets
to support many of their activities. However, in using the
pockets, the crewmen reported several characteristics which
warranted improvement, such as location, size, and retention
mechanisms. The majority of pocket-related comments concerned
general use of pockets for carrying items. One crewman
remarked, "I've got places--pockets to carry all'the stuff I -
want to carry around..." (Ref. 2.40).

The following references indicate the variety of items carried:

o "The penlight was a daily necessity that was used all
the time throughout the vehicle. Scissors we used as
a daily necessity at all meals, and we also used them
to cgt up teleprinter pads and other things." (Ref.
1.29

¢ "I had alarm clocks [timers] going off in my pocket....
(Ref. 1.7)

® "Another thing you need to do [to prepare for vorking
in Skylab] is to get a timer and a roll of gray tape
~and put them in your pocket." (Ref. 2.53) -

o "I often took segments of meals up there [to the ATM
C&D panel]. No, it was no problem at all. Ue had the
large pockets in which I would usually take up three
or four [food] cans of whatever was heated and two or
three juices and go at them one by one. That was no
problem at all." (Ref. 3.55)

o "I use my Tower left pocket for trash, junk; gvery
place I pick up some trash I put it in there and I
hardly ever empty it. I just leave it full and throw
it away when I throw away my trousers. My right Tower
pocket, why, I use that for picking up equipment that
I might want to use. There's always restraints, and
bungees, and stuff 1ike that floating around and
hooked to places where they are not being used, so
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when I see one and I know I'm going to need it
sometime, I pick it up and put it. in that pocket
and I use it sometime.- In my left side pocket,

I keep my tape and my timer in there. Always need
that tape. The gray tape works everywhere, SO I
keep .some handy. Always need the timer somewhere,
too, so I can keep it handy there. My right side
pocket, that's the flat one, I put my scissors in
there.... The jacket's got pockets in it. Now you
can keep pencils, flashlights, and tapes, and what-
ever junk you picked up along the way in the pockets...."
(Ref. 2.30)

e "You need a place to keep a flashlight in the trousers
but there isn't one there. It's not required, but it
would have been nice if we'd have had one put there."
(Ref. 2.17)

Numerous comments referenced below were made during all three
Skylab missions concerning the use of garments to carry tools
in even though a tool caddy was provided for this specific
purpose:

Ref. 1.29
Ref. 1.47
Ref. 1.56
Ref. 1.57
Ref. 2.13
Ref. 2.16
Ref. 2.19
Ref. 2.41
Ref. 2.51
Ref. 3.8

Ref. 3.16
Ref. 3.37
Ref. 3.42

In summary, most of the crewmen found carrying the required
tools was more convenient in pockets or elsewhere in their
garments (e.g., stuffed into trousers waistband).

Snagging the pockets (or the items within pockets) was a
minor, although nagging, problem:

e "One thing I mentioned last time about them [the
garments] snagging, and that is the book pocket.
There's one on my left hip. The pocket's not long
enough for the book, and the book's inclined to
snag on things." (Ref. 3.24, see Figure 16)
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FIGURE 16: Book In Pocket--Potential Snag Problem

e "The pocket that holds the little Flight Plan book
and also the scissors pocket [tend] to snag.... I
finally took the cord [lanyard] off my scissors because
I figured it was a safety hazard." (Ref. 3.22)

¢ "I went into the airlock one day, and I had the zipper
in my pocket on the bottom left leg open. And it
caught on something and just ripped the pocket half-
way down. I was really whistling along, though."
(Ref. 3.23) .

The box-style pocket was preferred to the flush-style pocket
since more volume was available for stowing items (Refs. 2.32
and 2.72). The flat flush pocket was used for carrying smaller
items out of the way (e.g., scissors--see Ref. 2.30).

One of the crewmen suggested a “kangaroo-pouch" type pocket
would be convenient on the front of the shirt. Because of
the zero-g environment, the shirt (i.e., the brown knit) had
migrated upwards, which placed the available zipper pocket
over the)shou1der, rendering the pocket useless (Refs. 3.49
and 3.51).
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Two major pocket characteristics--size and retention mechanisms
--received a panoply of comments.

"A11 those neat little extra pockets what we had put
on so that we could carry our 1ittle folder books
around and our pens and scissors and all that stuff
were not properly sized, and we were unable to use
them in the manner for which they were designed.... :
Wle paid the price with inconvenience. The flashlight
would not fit in the flashlight pocket, the scissors
would not fit in the scissors pocket, and the book
would not fit in the book pocket.... So you found
yourself putting things wherever you could. I'm the
kind of person who Tikes to put things in their

place and have them there so that when I need them
quickly I can just grab at them. If I can't always
put my pencils in the same pocket or put my flashlight
in the same pocket, some time when I need them, )i
will cost me extra time and thought process to locate
my pen, pencil, or flashlight. And that's the kind
of time you don't need to waste. You don't need to
waste time looking for something in your pockets.

You ought to know where each item is, and you ought
to be able to get to it quickly so that you can do

‘the important things without delay."” (Ref. 3.49)

" _.the scissors won't stay in [the pocket designed

for them] because the flap won't Tock over the top

of it. The pocket that's designed for the flashlight
is too short. The flashlight comes out. It's too

bad because those would have been very, very handy
pockets. It's just that the doggone retention straps
don't hold the item in. The pockets that hold in our
little trifold [Teleprinter Message] books just barely
hack it. And I don't see any reason why they couldn't
have added an extra half inch onto the strap or another
inch of depth onto the pocket. As it stands now, the
pocket is not deep enough. There's about 3 inches of
the book that sticks out, and the book 1is inclined to
hang up on things as we sail by them [see Figure 16].

I think probably we should have made the pocket another
2 inches deeper and just had an inch of the book
sticking out. We would have been a lot better off."
(Ref. 3.17)

“Pencil pocket works good and the 1ittle pocket for

your PRD works good, your dosimeter. And it's that
other pocket back there for your scissors--[it] doesn't
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work good at all. It's not big enough to keep the
scissors in. The scissors are too long for it. It
keeps coming loose and the scissors come out. Too
much of a nuisance to hang them on a lanyard because
you have to unwrap them every time you want to use
them, so I wind up putting them in one of the other
pockets. That scissors pocket is no good for nothing
[sicl.”" e(Ref. +2:30)

The SL4 CDR neatly summarizes the general concensus on the
pocket/item fit interface:

The most important recommendation I would
have for the IVA garments is, for crying
out loud, let's be more careful about how
we design all these little special-purpose
pockets and make sure they fit, with a
little bit of Teeway, the things that you
intend to put in them. (Ref. 3.24)

Zippers and flap/velcro patches were used as two pocket closure
mechanisms. The flap/velcro patches were reportedly inadequate:
the flap being too short and the patch too small.

“We all wanted our scissors. Those scissors pockets
were terrible. The flap didn't overlap enough and
they just had a little piece of velcro on it. Same
thing with the knife pocket...." (Ref. 2.66)

"I think the only bad thing about the clothes are the
pockets for the scissors, the pocket for the knife.

We should have made a flap that held them down with
velcro about twice as big, so as to get some velcro
grip. We're always losing scissors and knives because
they get banged out of our pockets as we go through
hatches." (Ref. 2.14)

"The Swiss Army Knife was very handy. It would float
out of the knife pocket [with flap/velcro closure],
unless it was restrained. I never restrained mine;

I carried it in a zipper pocket." (Ref. 1.46)

Zipper closures were generally satisfactory. However, a
zipper pull tab was desired:

"Well, any place there's a zipper, there ought to be
a zipper-pull tab on the zipper, if it's nothing more
than a Tittle inch and a half lace or cord with a
knot in it or something like that. But I find myself
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irritated by having to hunt and probe for the Tittle
zipper-pull in order to get at a flashlight in a
hurry. Also any place there's a zipper, there ought
to be an opposition pull-tab. In all, I don't think
that's so critical on the clothing here. But they
just left these off every place.” (Ref: 3.22)

e "I think Bill [the PLT] indicated on one occasion that
the zippers should have had pull tabs on them. Ed
[the SPT] and I agreed with him 100 per cent. Those
zippers were sometimes hard to locate in your pockets.
If there was a little pull tab, it would have been
much easier to grasp." (Ref. 3.49)

The importance of providing positive retention for stowed
items was equalled by the need for positive retention of
other articles during the retrieval of any given item stowed
in the same pocket. In general, retention of items, especial-
ly smaller ones, was a continuous problem:

e "You end up putting them in your pocket, and you
can't see in there, and you open the 1id, and five
screws fall out, and you have to go get them."
(Ref. 2.42)

Additionally, pockets on the lower trouser legs were not so
easily accessible as those on the upper legs since, in zero-g,
a hand-to-lower-leg/foot position was more difficult to main-
tain (see "Don/Doff Activities" section). Also, bulk on the
lower extremities somewhat impaired crewman mobility (see
"Shoe/Boot Wear" section).

Overall, the pockets proved a valuable tool in supporting the
crewmen in their daily activities. Pocket design philosophy
was summed up nicely the the SL3 CDR:

o "They [the clothes designers] should consider what
[the crewmen are] going to use each pocket for.
That becomes critical as far as where the tape and
your timer were. A1l those things should be developed
first, then the clothes can be designed. If we had
done a better job on the clothes, we could have worked
faster on a day-by-day basis." (Ref. 2.66)

Fit

Prior to Skylab, man had not been physically measured during
flight to assess the effects of zero-g on his anatomy. Girth
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and height measurements were made during the Skylab 4 mission:
quantitative results indicated a sufficient body change occured
to warrant additional study for possible application to the
design of future space clothing. On the average, height
increases of 2 inches were recorded.

Several comments-dur{ng Skylab indicate that the effects of
zero-g are noticeable, in terms of garment fit:

¢ "In zero-g, a guy becomes more slender and grows
taller, and those things ought to be taken into
account in clothing design." (Ref. 3.49)

The jacket and trousers were custom-fit garments; however, the
SL4 PLT reported:

@ "All my sleeves were too long. The over cover [outer
sleeve] there was just a Tittle bit too long and I
ended up cutting those with scissors." (Ref. 3.49)

The SL4 CDR suggests that the height expansion "may be why I
was getting the ride-up effect [of the trousers] on the legs.
I would move my legs and my trousers would ride up on me and
when I would straighten my leg the trouser was still high.
So I noticed that frequently I would kick my leg in order to
throw my trousers down a little further..." (Ref. 3.56).
However, other crewmen reported no garment migration.

One crewman who selected the boxer-shorts option remarked,
“...I was kind of test hopping those boxer shorts...I wore
them but I didn't Tlike them because they bulge out all the
time..." (Ref. 1.55). This ballooning effect led the crewmen
to prefer the other underwear options (i.e., jockey/knee
shorts, union suits).

Weightlessness caused a shift of viscera which effected a
decrease in the waist circumference:

@ "You don't need as big a waist [on the trousers] as
we had because there is no gravity to pull your gut
down, and your waist tends to shrink in." (Ref. 1.46)

® "My trousers all fit too big because I Tost some weight
before flight. It'd be nice to have a 1ittle more
adjustment capability on [the] waistband [which]
would be nice because you also have a visceral shift
in zero gravity." (Ref. 3.49)
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Shirts were provided in standard sizes. The SL3 PLT, who
wore neither the knit shirt nor the T-shirt, remarked,

"] didn't like the tight fit [of the knit shirt]. They fit
too close all over. It doesn't feel nice and loose like a
T-shirt, or like the [casual] shirt you got on now [during
the debriefing]..." (Ref. 2.66). The SL3 CDR wore the PLT's
T-shirts because "they were a little bit larger..." and
"falt better" (Refs. 2.58 and 2.65). The SLA PLT also wore
the leftover SL3-PLT's T-shirts:

e "They weren't too baggy because clothing rides up
in zero gravity anyway..." (Ref. 3.56).

Overall, Skylab garment fit was satisfactory.

Jacket/Trousers Cuff Inserts

The knitted cuff inserts in the jacket sleeves and trouser
legs were originally included to provide thermal insulation
and prevent sleeve/leg migration. The cuffs were designed
to be removable in-flight at the crewman's option, without
damage to the jacket or trousers.

Mixed feelings resulted over the cuffs:

e "[Cutting out the cuffs] was an improvement. The cuffs
were there in case it got chilly and to keep the
trousers from floating up in zero-g. However, the
trousers stayed fully extended down the legs. Al
[the CDR] routinely cut the cuffs off." (Ref. 2.66)

e "One thing that would have made the trousers and the
jackets nicer would have been if I could have gotten
the legs on and off over the traingle shoes. It
could be done but it was a problem. I like the idea
of having that sweat shirt fitting underneath, but
it would be nicer to have a little more stretch."
(Ref. 3.49)

e "I wound up doing what A1 [the CDR] did with his
clothes and that is taking the elastic inserts out
of the sleeves and out of the legs to make it cooler.
They were not required to keep your trousers from
riding up or your sleeves from riding up. The clothes
assumed their normal shape in zero-g just as they did
in one-g." (Ref. 2.58)
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9 "I don't know if I agree that elastic cuffs are not
necessary. They sure keep your trousers from riding
up on your leg. The problem is elastic cuffs can
make it difficult to put a foot through a pants leg
with a shoe on." (Ref. 3.56)

® "[The cuffs] kept the sleeves from riding up too much
on me...so I Tiked them. But these guys found them
to be somewhat of a hindrance.” (Ref. 3.59)

® "I was a little different. I took the knitted portion
out of the trousers and left the knitted portion in
all of the jackets..." (Ref. 2.58).

e "I was more put out with them on the trousers than I
was on the sleeves or the jackets, because I couldn't
take my trousers off without taking my shoes off, you
know, undressing for PT [Physical Training]. And then
the sweat shirt knitted-cuff-type underneath, bothered
me a Tittle bit because of the watch." (Ref. 3.61)

e "I find it difficult to get the jacket on and off with
a wrist watch on, particularly if you have to use the
passive radiation dosimeter on your watchband. I
finally took the PRD--the passive radiation dosimeter--
of f ?he watchband because it was so cumbersome." (Ref.
3.22

@ "I Tike the elastic [cuffs] on the arms because I like
to pull up the arms and that way they'd stay up."
(Ref. 3.56)

The question of whether leg/sleeve migration occurred varied
widely from crewman to crewman. By being provided the option
of cuff removal, all crewmen were apparently satisfied on the
subject. In summary, the most disconcerting problem with
retaining the cuffs in the garments was donning/doffing the
clothes over the watch/PRD and shoes. A looser-knit cuff
was suggested.

Don/Doff Activities

In general, donning and doffing garments was of no major
concern to the crewmen. Most of their comments referred to

the shoes--either in regard to the time-consuming lacing task,
the shoe bulkiness during trouser donning, or the body attitude
required to don shoes.’
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e "One of the problems that we have with [the triangle
shoes] is getting them off. It takes an awful long
time to get them off and get them on; it's awkward.

I don't think the Tacings that we have on these shoes
is the answer. It's awfully time consuming taking

them off and putting them back on, and we have to do.
this several times a day because of medical experiments
or one thing or the other. HWorking out, when you clean
up, at random--probably putting our shoes on and taking
them off--four to five times a day. And the lacing
gets to be an irritation. And it's time consuming."

(Ref. 3.7)

e "[With Tow top shoes] there would be less effort lacing
them up every time. ...we don't need laces." (Ref.
3.54)

e "...laces [on the shoes] could have been done away

with, too." (Ref. 3.54)

¢ "[Although there were no triangle shoe foot restraints
in the waste management compartment,] you weren't
going to bother taking off your shoes [when entering
the compartment]. It was easier to float around and
be uncomfortable than to bother taking your shoes off."
(Ref. 2.66)

o "...[the PLT] and I both use the triangles [shoes] all
the time because it was just easier than changing
about." (Ref. 1.33)

e "...it's a pain in the neck, to me, taking these
triangle shoes off and on with all the Taces. I'd
like zippers [or] something else on them." (Ref. 1.20)

e "Lacing and unlacing those shoes bugged me." (Ref. 1.52)

The laces had been provided, in part, to give ankle support;
however, some crewmen felt Tess support was desirable to keep
the calves conditioned (Ref. 3.3) and did not lace the top
eyelets (Figures 17 and 18); others like the support (Refs.
1.52 and 3.45). Some crewmen wore the triangle shoes all day
in order to avoid changing to another pair. Others changed to
complement the task being performed (Refs. 1.52 and 2.66).
Other closure methods (e.g., zippers, fewer Taces, hook/eye)
were suggested (Ref. 1.52). A

The problem of donning the trousers over the shoes (as well as
the jacket over the PRD/watch) is discussed in the "Jacket/
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Trousers Cuff Inserts" section above. The major contributor
to this problem was the jacket/trouser cuff insert (Ref. 3.22).

Most crewmen commented on the difficulty of holding a posture
to tie/untie the shoe laces and don/doff the shoes and socks.
To bend over required using the stomach muscles; the absence
of gravity to assist in bending was noticeable (Refs. 3.3,
2:13,,.3- 31 and: 3.33). :

Donning/doffing of garments occurred primarily in the sleep
compartment (Refs. 3.50 and 3.58). The crewmen generally
floated to don/doff their clothes; the Sleep area was small
enough and the drift rates sufficiently Tow that rebounding
off the walls was no problem (Refs. 2.66 and 3.36).

Donning both trouser legs simultaneously decreased dressing

time (Refs. 1.6 and 2.38); however, in several cases, adequate
crew time had not been allowed in the timeline for dressing
(Refs. 3.27 and 3.28), particularly during. post-sleep activities
(Ref. 3.47).

Only two crewmen reported static electricity occurrence during

shirt doffing--a "hair-raising" experience primarily on the
arms and head (Refs. 2.67 and 3.59).

Clothing Packaging/Stowage

Although the clothing module was compartmentized, the individ-
ual garments were vacuum packed and compressed during packaging
to fit in the rucksack. When the packaging material was
removed, the garments expanded, completely stuffing the module.
The SL2 crew made these observations (Ref. 1.55):

® "What do you guys pack those clothing modules with,
the same ram you pack the main chutes with?"

o "[If you pulled too many of an item out,] you'd never
get it back in again. You gotta get to about [mission]
day 14 before you can handle anything in there." -

e "...T tried to pull one set of skivvies out and got
the whole section out. I wound up with clothes in two
lockers for about 14 days."

e "...if you pull a pair of socks out, they grow to about

size 98 as you're pulling them out and holding every-
thing else in."
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Restowing leftover clothes was no problem, nor was disposal
of used garments through the Trash Airlock (TAL). However,
to repack the garments in clothing modules for re-entry would
have been too time consuming, if not impossible.

Provisions for overnight stowage of clothes were marginal
(Ref. 2.23). Utility restraints--rubber cups, each having a
cruciform slit into which items could be inserted for temporary
restraint--were provided in each sleep area for this purpose
(Figure 16). These restraints were welcomed (Refs. 1.19 and
1.44) but did not completely solve the problem of overnight
stowage (Ref. 2.23). Garments were hung on experiment equip-
ment (Ref. 2.59), rolled and wedged into the grid or between
the SIA (Speaker Intercomm Assembly--comm box) and Tight
(Ref. 2.23), and stuffed under comm box cables (Ref. 2.66).
An area more akin to a closet where clothes could be "hung"
and allowed to "air" out of the crewman's way was suggested.

On several occasions, the crewmen were unable to locate specific
garments for use. This was particularly true of the bump hat
and gloves, which had been relocated from the 28-day clothing
modules to a dome locker prior to SL1 launch (Refs. 1.28, 2.1,
2.2, 2.3, 2.4 and 3.56). After the SL3 CDR had restowed and
completed an inventory of leftover garments at the end of his
mission, he suggested new decals be applied to those Tockers
containing these garments for the benefit of the SL4 crew

(Ref.. 2.57)

Non-Wear Garment Uses

Skylab clothing served two major purposes: attire for the
crews and rags for housekeeping activities. The latter was
the primary non-wear use first reported during the SL3
mission (see also Ref. 2.47):

One of the things we're doing is we got
a bag over on the wall by the M131 equipment
which is our rag bag. And every time we have old
shirts and shorts and the like, which is almost
every day, since everything's thrown away, we
put them in that bag. Sometimes it gets too full
and we shoot it out the trash airlock. But there's
always some rags in there; so when it comes time
to water clean, or wipe or something like that,
we usually go over thera and find a clean T-shirt
or a clean pair of shorts or something like that--
and most of the time they're fairly clean be-
cause we change them so frequently--and use [the
clothes] instead of trying to do all that cleaning
with these tissues. And maybe they ought to put
that as one of the reguiar plans because it sure
makes cleaning a lot faster. I think it gets things
a lot cleaner. You sure get them a lot dryer.
And it's just esthetically more pleasing to be
cleaning up with a rag than it is with one of
those little 2-by-6 tissues. [Ref. 2.27]
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The rags were used for most major housekeeping (cleanup) tasks
and were preferred to the tissues/wipes for smaller spills or
wipe-up chores (Refs. 2.47 and 3.18). Only the cotton material
garments were used for rags as the brown garment material was
not very absorbent (Ref. 3.56). Garments (especially the
extra underwear launched on SL3 and SL4) were also_used as
launch packaging (Ref. 2.8) and sleep compartment light baf-
fles (Ref. 3.56).

Use Rates

Pre-launch garment use rates were planned to allow for each
crewman one jacket per week, one pair of trousers per week ,

a shirt every four days, and a clean set of underwear (including
socks, shorts, and T-shirt) every 2 days. One pair each of
boots and gloves was provided for a two-week period. One

pair of triangle shoes was provided per man per mission.

Numerous crew comments were made regarding the planned use
rates. A1l crewmen agreed no additional jackets and trousers
were needed, and fewer of each probably would have sufficed
(Refs. 1.46, 2.5, 2.28, 2.30, 2.36 and 2.52). Recommended
frequencies for one jacket ranged from two to four weeks,

and for one pair of trousers from one to two weeks (Refs.
237, 2.66,and 2:72 )

The planned mode of wearing the brown knit shirt over the
T-shirt to satisfy flammability requirements was not prac-
ticed as the crewmen felt this mode was too warm. Therefore,
wearing only one shirt at a time increased the total number
of shirts available for wear. Regardless of the total number
of shirts/T-shirts, the concensus was that a daily change

was desirable, particularly for the brown shirt; however,

one shirt for two or three days was acceptable when the T-
shirt was worn (Refs. 1.47, 2.37, 2.40, 3.38, and 3.56).
Exceptions to this were the SL3 PLT, who wore the T-shirt only
for sleeping and did not wear the brown shirt (Refs. 2.30 and
2.40). He normally wore only the jacket for daily activities
(Figure 18). Additionally, a few crewmen chose not to wear
the brown shirt because of the shirt characteristics (see
"Material Selection" section).

Daily changes of shorts and socks were desired throughout all
three Skylab missions (Refs. 1.46, 1.50, 1.55, 2.30, 2.44, 2.46,
2.66, 2.72, 3.32, 3.35, and 3.38). Following the recommenda-
tions of the SL2 crew, additional sets of shorts and socks

were launched with the SL3 and SL4 crews as follows:
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FIGURE 18: SL3 PLT's Nominal Dress Mode
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ITEM SL3 SL4

Shorts | 66 total 63 total
Socks 28 total 107 total
(pairs)

The quantity of gloves provided was apparently adequate since
reported wear of the gloves was limited (see "Thermal
Qualities" and "Head/Hand Protection” sections); in fact, one
crew found the valet kits containing the gloves only shortly
prior to the mission end (Ref. 3.56).

Footwear, including the soft boots and triangle shoes, was

used daily, on a few occasions, various crewmen did work in
stocking feet, usually during activities adjacent to the

sleep period. Some crewmen changed from soft hoots to triangle
shoes as the activity being performed dictated (Ref. 1.22);
others wore only the triangle shoes (Ref. 2.15), and some the
soft boots (Ref. 1.8). As the footwear wore out and became
torn or abraided, the crewmen recommended providing additional
shoes. Rather than launch additional triangle shoes for SL3
and SL4, shoe tops and protective toe caps were provided to
prolong shoe 1ife. Modified boots were also provided, identical
to those on board but made of Kevlar (a high tensile-strength
material) instead of the woven durette. The reader is referred
to the "Shoe/Boots Wear" section for additional information
concerning the footwear.

Use rates were calculated for each of the Skylab missions for
the major garment items: Jacket, trousers, shirts (including
T-shirts), shorts (including all style options), and socks.
These data are shown in Table II. Rates for SL4 were derived
from the daily crew reports of garments worn and discarded
beginning on Mission Day 7 and continuing throughout the
mission (Table III).

With reference to Table III, several comments are noteworthy:

e Both the CDR and SPT wore more shorts than were
provided them--these were leftover clothing from
previous crewmen--and used almost all of their socks,
while the PLT wore approximately half of those
provided him.

39



TABLE II: Skylab Garment Use Rates

NOTE: Use rate units = no. items/day per crewman

GARMENT SL2* SL3** SL4Hx** iﬁ;kﬁgE
Jacket 1/9.7% 1/11.8 1/27.37% 1/16.3
Trousers 1/5.8 1/15.9 1/14.1 1/11.9
Shirt/T-shirt 1/1.38 1/2.22 1/2.31 1/1.97
Shorts 1/2.45 1/2 .32 1/2:35 : A 2.37
Socks 1/2.62 1/2.20 1/2.17 1/2.33

=

*Rates based on total no. provided ¢ no. of mission days
since no quantitative use data is available from this mission.

**Rates based on total no. provided less no. of items leftover per _
inventory reported on Dump Tape 267-03, pp. 8-10 % no. of
mission days.

***Rates based on evening crew reports of garments discarded daily.

TSpecific use rate is the average for all three crewmen for that
mission.

TTData for CDR and SPT only; no jackets reported discarded by PLT.
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TABLE III: SL4 Reported Garment Use
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@ The SPT wore more shirts/T-shirts than had been
provided while both the CDR and PLT wore approximately
half of their provisions.

® Between Mission Days 34 to 45, the PLT reported a
back rash on which he used a skin cream; the increased
frequency of shirt change is noticeable during this
period.

® There is an apparent tendency toward more frequent
use of specific garments (i.e., shirts, shorts, and
socks) during the mission end, particularly for the
SPT.

e The individual differences in garment use is evident.

The inventory card (Figure 19) provided in each clothing
module to assist the crewman in monitoring the quantity of
garments available was found to be a "great help" (Ref..1.55)
by the SL2 CDR; however, other crewmen did not use them

(Ref. 2.58).
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FIGURE 19: Clothing Module Inventory Card

Garments worn for normal activities ranged from full complement
of long trousers/shirt/jacket with shoes to underwear only with
socks (Ref. 2.25). Lack of foot restraints for the sock-mode
(Refs. 2.15, 3.20 ‘and 3.48) and poorly-sized restrairts to
accommodate the fcotwear (Refs. 2.29 and 2.48) were reported.
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Cleanliness

Soiling of the garments resulted primarily from the wearer's
body rather than from external sources. The vehicle was clean
(Ref. 1.46), the humidity low (Ref. 2.12), and "you just don't
get as dirty up here..." (Ref. 2.36). Food was the main
contributor to external dirt.

There was essentially no perspiration during non-exercise
periods (Ref. 3.53); however, the crewmen reported a need

for absorbent clothes to accommodate perspiration during
exercise periods (Ref. 3.65). The clothes wet in this manner
dried rapidly in the low humidity (Ref. 2.70) and, except for
the brown knit shirt, did not retain a body odor (Refs. 1.55
and 2.32). Additionally, feet perspired particularly during
exercise, making the socks wet and clammy-feeling on the
second day of wear (Ref. 1.46).

Material Selection

Materials for Skylab garments were selected primarily on the
basis of flammability characteristics, rather than on crew
comfort. While the cotton garments were generally well-accepted,
the durette (particularly the brown knit shirt which was form-
fitting and worn next to the skin) was highly criticized. The
shirt material, which met flammability specifications for an
outer garment, was.referred to by the crewmen as non-absorbent
of perspiration, clammy, smelly, too warm, not good for repeated
wear, uncomfortable and itchy (Refs. 1.46, 1.55, 2030973.14,

and 3.49). Some crewmen never wore the brown shirts (Refs.

2. 58 and 2.72). Crewmen from all three missions reported this
material (i.e., the knitted durette) to retain an offensive

odor when the perspiration dried.

The cotton garments did not meet flammability specifications

for outer garments, although they were often worn as such.

This issue was briefly discussed during a post-SL2 debriefing
(Ref. 1.55): "...for the period of time that's involved

there [for wearing the garments, we feel] that's acceptable....”
The SL4 SPT added, "Mone of us [the SL4 crew] could wear it.

You can't put up with that brown shirt against your skin."

(Ref. 2.66). He concluded, "I would like to see some fire
restrictions such that we could get some good-Tooking clothing
in here..." (Ref. 3.8).
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The garment materials were judged resistant to tearing and
abrasion (Refs. 3.23 and 3.24) except for the footwear, which
received the most wear (see "Shoe/Boot llear" section).

Worn garments were utilized as rags for housekeeping tasks;
however, only the cotton items were used in this manner as
the brown material Tacked sufficient absorbency (Ref. 3.56).

Providing an absorbent material to be worn for exercise periods,
such as disposable paper knit, was recommended (Ref. 3.65).

Shoe/Boot UYear

Of all IVA garments on board, the footwear showed the greatest
wear. The crewmen used their feet for maneuvering and stability;
toes were poked into the grid and hooked under hardware, and
feet were dragged to brake motion or change direction. There-
fore, most of the wear was on the toes of the footwear (Refs.
1.9, 1.20, 1.46, 1.54, and 3.5). Protective toe caps were
provided to the SL3 and SL4 crews and mounted to the triangle
shoes (Figure 20); the toe caps did not prevent fraying but
prevented further structural damage (Ref. 2.58). The drawback
to the toe caps was the installation procedure which took an
inordinate amount of crew time (Refs. 2.63 and 3.45). In fact,
the SL3 SPT "took a shortcut on the installation--and just

grey taped it..." (Ref. 2.58).

Wear also occurred in the heel area (Refs. 2.40, 2.58, 2.66,
2.72, and 3.21). A teflon insert in the heel rubbed through
the shoe canvas (Figure 21); grey tape remedied the resulting
tears (Figure 22).

The SL4 SPT reported catching the triangle shoe heel in the
grid while he rode the ergometer and tearing the canvas from
the base plate at the heel (Figure 23) (Ref. 3.21). The SL4
PLT reported a failed shoe base plate when a film vault deer
hit his foot. Grey tape was used (Figure 24) to fix the shoe
(Refs. 3.40, 3.41, 3.43, and 3.54). Tne SL2 SPT also failed

a triangle shoe base plate under the instep about an inch from
the toe (Ref. 1.52).

Several crewmen reported a need for backup shoes, particularly

since so much wear was incurred. After the stitching came
lToose from part of his right shoe sole, the SL3 PLT reported:
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"...by the time we get through the
mission, [the shoes] are going to be
‘pretty well worn. And they might
even be marginal; I'm not sure as to
whether or not we can make it with
them." (Ref. 2.40, see also 2.50)

The SL3 SPT commented, "One pair of shoes for all the functions
is inadequate." (Ref. 2.66); and the SL4 PLT, whose shoe plate
broke: "It would have been nice to have a backup there."

(Ref. 3.45, also Ref. 3.52).

Although not used to the degree the triangle shoes were, the

soft boots also received some wear (Refs. 1.9, 1.20, 1.46,
and 1.54), primarily in the toe area.

Snaps/Attachments

The Skvlab garments had two sets of snaps/attachments:

(1) The snaps on the trousers and jackets which were
to interface with each other to prevent garment migration and
the wall snaps for temporary stowage. The location of these
snaps is described in the section, "Skylab Design" presented
earlier in this report.

(2) Communication lead restraints which were elasticized
strips to retain the 1lightweight headset crewman communications
umbilical. These restraints are described in the "Skylab Design"
section above.

In general, the snaps were used as a function of personal
preference (Refs. 2.58 and 2.72). However, the presence of
the center back snap on the jacket (as well as the center
back button on the hypotensive pressure garment worn for
re-entry) was a problem during re-entry and landing: as the
"g" forces built up, the snap pressed on the spine (Refs.
2.55, 2.56, and 3.14).

The communications restraints were seldom, if ever, used
(Refs. 2.66 and 3.51). One crewman suggested providing clips
on the comm line which could attach to the garment, as
required, and deleting the comm restraints (Ref. 2.66).

Several crewmen adopted the methods of tethering a checklist
to their trousers for rapid and easy access to required




documentation (Refs. 2.14 and 2.53). The larger books would
not fit in the pockets. The SL2 SPT carried the knife on a
tethér attached to his trousers for convenience and positive
restraint (Ref. 1.46). For carrying miscellaneous items
around, a zip-on pouch that would attach to the trousers

was suggested as an optional item (Ref. 3.49).

Head/Hand Protection

Skylab provided a bump hat for head protection and IVA gloves
for hand protection. The bump hat, described in the "Skylab
Design" section above, was only used for M509 (Figure 25) and
T020-~the two maneuvering unit experiments--although its use
had been outlined for other activities (Refs. 1.55 and 3.56).
However, although the crewmen never reported bumping their
heads (Ref. 2.31), "many head knockers" were reported in the
MDA/STS area (Ref. 2.22); furthermore, the SL4 SPT reported:

"Individual crew acrobatics might have
been a good place to use [the bump hat]
because if you were ever going to hit
your head on anything, that was the time."
(Ref. 3.56)

Evaluations of the IVA gloves for hand protection varied with

the individual and the specific tasks he performed. Although

the head received few bumps, if any, one "thing you do do Esticds”
reported a crewman, "is skin up your fingernails and knuckles

all the time." (Ref. 2.31).

During the SL2 initial entry into the Orbital Workshop (OWS),
gloves were worn for protection against the hot OWS hardware
(Refs. 1.2, 1.27 and 1.38). During the missions, gloves were
periodically worn for Scientific Airlock (SAL) experiment
operations requiring rod retraction:

¢ "[The gloves] are a necessity...the near rods weren't
so cold, but the far rods were extremely cold."
(Ref. 1.24) '

@ "...you [surely do need to use gloves] or you are
~going to leave skin on them [the rods]." (Ref. 1.53)

The gloves were used also for other activities. The SL4 SPT
reported that handling the urine return container and trays
"without those gloves would have really been hard to do."--
(Ref. 3.56). "I should have taken a picture of my hands after
I got through doing the servicing in there...," remarked the
SL4 PLT, who serviced a 1iquid gas separator--making and
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FIGURE 25: Skylab Bump Hat In Use for M509

51



breaking quick disconnects (QD's)--and noted, "I should have
used work gloves. It was just a sorry place to work..."
(Ref. 3.60). He added, "I sure could have used some work
gloves in many places."--(Ref. 3.56).

Use of gloves for thermal comfort is addressed in the "Thermal
Qualities" section. :

Disposal

A Taundry system was too costly for inclusion on-board Skylab;
hence, all garments were to be disposed of through the TAL

when deemed dirty by the wearer. The crew of SL3 was the

first to report utilizing discarded garments as rags (Ref.

2.27, see "Non-Hlear Garment Use" section). Only the cotton

items were used a rags (Ref. 3.56), and these were used primarily
for housekeeping tasks (e.g., wiping up spills). No wet items
were left in the rag bag but were disposed (Ref. 2.34). The

SL4 crew continued this procedure.

The rag bag was a Skylab disposal bag, shown in Figure 26
(Ref. 2.47). A crewman demonstrates disposing garments in
a disposal bag in Figure 27.

Aesthetics

Only one crew commented on the appearance of the clothing--
the SL4 crew which flew the longest mission. Varying the
color of garments, rather than seeing only the "drab brown"
would have been an improvement not only for the garment
system but also for the general habitability of the Skylab
vehicle (Refs. 3.49, 3.62, and 3.63).

The brown color had resulted from materials requirements for
flammability and off-gassing as well as from dyeing limitations
of the woven durette. However, a suggestion was made to vary
the color of the cotton T-shirts (Ref. 3.23).

EVA-Related Garments

This report was prepared to discuss the experience gained
from Skylab concerning garments. The emphasis has intentionally
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been placed on the IVA clothing only: however, a few general
comments relative to the major EVA-specific garments seem
appropriate for inclusion:

(1) Donning the upper half of the pressure suit was
difficult in zero-g and required two crewmen. The absence of
gravity to help pull the upper torso down for suit insertion
was readily noticed. Additionally, the donning was apparently
compounded by the crewman's 2-inch-average height increase
(Refs. 1.26, 1.40, 1.55, 2.45, 2.60, 3.19, and 3.33).

(2) Closing the donned-suit zippers was also a problem,
primarily due to the Toss of gravity-induced "settling" of
the crewman into the suit and of the upper half of the garment
"settling" onto the Tower half (Refs. 2.45, 2.60, and 3.19).

(3) There was little moisture in the suits immediately
following use. Drying the suits was no problem, and the suits
stayed relatively clean (Refs. 1.42 and 2.61).

(4) After the suit gloves were donned, the crewmen found
the zippers on the pockets hard to handle to access the pockets
(Ref. 1.18).

(5) For one of the SL2 EVA's, the crewmen taped items
onto the suit within the reach envelope for EV transport
(Ref. 1.43).

CONCLUSIONS/RECOMMENDATIONS

1. The multi-garment Skylab wardrobe (i.e., shirt, jacket,
and trousers) was generally well accepted by all crewmen,
particularly on the basis of thermal adjustability. The
basic two-piece set (shirt/trousers) is highly desirable
over a one-piece coverall type flight suit.

2. The importance of garments as tools to support crewman
activities on a daily basis was emphasized. Furthermore,
pocket design (including size, location, closure methods,
etc.) seemed to be a critical factor in the efficiency
and effectiveness of the crewmen.

3. Zero-g physical effects on the crewman are significant in
terms of garment fit. The decrease in waist size and
increase in stature were the two most relevant body changes
naving impact on garment sizing/fit for future space crews.
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10.

k.

12.

13.

i

Utilization of "dirty clothes," especially ahsorbent

materials such as cotton, should be considered as rags
for general clean-up/housekeeping tasks. Disposal or
repacking laundry (and rags) should also be addressed.

Excluding food spills, soiling of garments comes primarily
from the wearer's body; hence, a daily change of underwear,
including shirt, shorts and socks, is highly recommended.
Quter garments (i.e., jacket or trousers) can be worn
comfortably for longer periods of time (e.g., two to four
weeks depending on item/material).

Footwear received the greatest punishment in-flight and
should be made of abrasion-resistant material. Particularly
at the toe, protection devices (such as the Skylab toe

cap) should be incorporated to prevent wear. Internal

shoe inserts, soles, ribs, etc. that are rigid should be
designed to prevent shoe wear from the inside.

Gloves should be provided each crewman for thermal comfort,
thermal protection, and abrasion protection. Head
protection provisions should be based on safety requirements,
task requirements, and architectural considerations.

Garment aesthetics and overall appearance should be
improved as a means of enhancing not only the personal
garment acceptability, but also general vehicle habitability.

Cuff inserts which can be optionally removed in-flight
should be provided in long-sleeves and legs. The inserts
should be a loose enough knit to accommodate watches, .
dosimeters, or other paraphernalia worn on the wrists or
ankles. Ankle cuffs should not hinder trouser donning
over shoes.

Facilitating shoe donning and doffing should receive
increased consideration to help alleviate the problem of
holding a hand-to-foot position for lengthy periods (e.g.,
for tying shoe laces).

Launch packaging methods should be improved to relieve the
difficulties of garment removal from stowage early in the
mission.

A closet-type overnight stowage area should be provided
for garments to be worn the next day.

An absorbent disposable shirt should be provided for wear
during exercise periods to absorb perspiration.



14.

15,

16.

Vs

Providing a garment system palatable to all crewmen can
best be accomplished by providing design options to
accommodate personal preferences for items such as those
listed below; these should be accommodated as much as
possible since providing these types of design options
appears to be satisfactory to most, if not all, crewmen:

a) Variable modes of dress (e.g., removable trouser
legs

b) Footwear options (e.g., triangle shoes, soft boots)
c) Use of snaps and/or cuff inserts on garments
d) Underwear styles

e) Pocket style opticns

- Materials restrictions should be reexamined to determine

acceptability of wearing garments, such as standard T-shirts,
as outer wear items.

A standard-size system for all garments should be adopted
to minimize cost and allow ready garment access for a
larger population of crewmembers.

0ff-the-shelf garments should be utilized for garments
such as underwear to reduce the garment system development
costs and make these items readily available to a larger
crewmember population.
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SL1/2 Technical Crew Debriefing, June 30, 1973,
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encountered? I think probably the urine ... on
the end of ;the ... ..»5 you can.. i..-have t0 ...
drops out and then you immediately have to get a
... somewhat and wipe off. Your fingers get
dirty and get ... to the tissue. And with those
rubber ... because you get rubber ... with urine
on it. And then you have ... urine on it. I
think ... could have invented a cuff with some
sort of ... flows through there where it could -
you could catch the ... of your ... there and ...
coulld ..% offi.ea

How effective and efficient are the cleanup
procedures and hardware? They're okay. I think
the little wet wipes are too small. 1In facty & .
okay. It's Just that they ... nice job of ...
trays, they can clean them out here and you have
no problem. The procedure where you wipe stuff

with Just soap and water isn't as ... biocide
procedure. ... clean it as good ... hospital.

It ought to be able to just wash it with water and
then every once in a while ... germs build up ...
give it a biocide wipe ... sufficient ... clean up
of biomed bases ... with the biocide. Clean up
the trash area ...; other areas ... clean ...

How adequate is the ATM chair? Tried it one time,
thought it would be good - ... rattled around.

It's the same feeling you have in a - 8 - a

chair that has one leg shorter than the other
three. 1It's disconcerting, troublesome, bothersome.
««. Now ... the chair wasn't clamped to a grid in
front of the ATM. The fact was that the grid
itself is loose, so - It's just bothersome. Now
have it parked. I think it would be a good

thing if it were done right and anchored down ...

{
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Ref. 2.32

How comfortable are your garments? Excellent
garments. A little too many pants, a little too
many jackets. One would last 28 days, certainly
the Jackets; pants every 2 weeks. Things don't
get dirty up here. The only dirt you get on is
your shirt; food and things fly at it, and sweat
from your body, which isn't much up here, I notice.
And sweat doesn't stink. By that, I mean - I've
noticed that nobody seems to have body odor over
here whether or not you use a deodorant.

A-50
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Now on Earth in the same situation, you'd smell.
Our clothes got to smelling bad there - on Earth
after a day or two, particularly these shirts.
But here they don't. And all I can imagine is -
is the fact that we just aren't putting out as
many salts and minerals, or they're going some-
where else, probably out in the urine. Do they
tend to snag as you move? No, they're good.

Pockets are not ... I like the full pockets; they
give you the ability to stuff a lot of things in
there ...; ... those pockets ... for different

things ... and for ... less than for trash ...
trash ... most likely to ... you there ... - =

Skylab, Houston; we're going over the hill - hill.
Med conference will be at Madrid at 02:28.

- = ... My ...; my flashlight ... get to. My
... helps and my ... So I've got everything sort
of where it's needed. I know where they are Just
e few days ... The knife pocket and scissors
pocket and the ... pockets are too small. They
ought to ... snap on them instead of Velcro. <.
Velero isn't much ... They need to overlap the
pocket more so that things wouldn't ... ovening.
Actually, the opening of the scissors pocket ...
trouble ... That's the recommendation I had.

T need more socks here, and I need a pair of shorts
every other day, socks every day if possible ...

us to ride on the bike - dirty socks ... do it.

I think you need - triangle shoes. You need a
pair of low-top triangles and a high-top pair for
riding the bike. These things get hot here and
there's no reason for ... The other little booties,
forget them. You don't ever need them. ...

socks ...

239 02 25 Ok CDR

What changes have you detected in the environmental
elements discussed as the last question in the
first debriefing? Well, nothing. ... a little
cooler since we put up the twin-pole sunshade.
Tt's nice down here, not bad. I slept in the MDA
a couple of nights. Now I don't do that any more.
One thing that I have noticed is - my nose is
starting to - not bleed - hadn't = blood in it -
let's say, scabs in it when I blow my nose, and
so finally I think that I'm adapting to the dry
climate. I've noticed that I have the same
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