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PREFACE ) . | B I

(‘haravteristivally,. new scientific knowledge reaches general application in classrooms years
after it _has been obtained. This long.delay stems, to a large extent, from a lack of awaréness
that information is available and that-it h'%s relevance to secondary school curricula. To
accelerate this process, the National Aeronautics and Space Administration has prepared a
series of documents concerning Skylao experiments to apprise the educatiénal community
in detail of the investigations being tohdm ted in the Skylab Program and t}'e types of
information being produu:d .
The ob)ectwe N 1ot to mtrodu(e the Skylab Program as a Subjéct in the classroom, but
rather to make certain that the educatlonal community is aware of the inforiaation bemg
.generated and that it will be available fgr use. Reac >rs are urged to-use these books 3s an aid
in planning’ development of future, curriculum supplemgnt material to make the most

’ a;fpropnato use of this source of scientific knowledge.
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INTRODUCTION ' S '

The Skylab:r':'ducauoﬁ Progran. ' i : W
') -~ :

.- This ye lthe Umted States' first manned scientific space station, Skylab, was lqunched into

-orbit to bBe the facrhty in which successive crews of astronauts carr perform more than 270 -

scientific* mVest.lgatrons in a variety of fields of .interest. These investigations cdn be divided

into four categorles physical sciences, blomedlcal scrences, earth appﬂrcatrons, and space
applications.”  ~ \ -

L . ‘ ' O - 2 .
- The Skylab Program will produce information that will erhance present sciertific
knowledge and perhaps extend the frontfers of know\edge ‘on- subjects ranging froth the

. nature of the universe fo the structure of the smgle human cell. 1t is the objeetive of the

' i National"Aeronautics and Space Administrationthat the knowledge derived from the Skylab
o Program s m\.estrg?tlons be made available to the educational community for ap‘phcatrons to

’ " high schoof edugatlon at the earliest possible date. )

. . R . \ .
For this .r,nason. the Skyhb Education Program was created to assure that maximum
* ¢ducational benefits are obtained from the Skylab effort,” documgntation of Skylab
Aactivities "is adequatc'v conducted, and understanding of scientific developments is *

enhanced ~ ‘ .

[

This.document, one-of severql volumes prepared as part of the bkylab Edugation Prr""am,

-has thé dual purpose of (.1) informing high school teachers about the sctentific investigations

! perfor‘med in Skylab; and (2) enabling téachers to evaluate the educatronal beneﬂts the

. q"ylab ‘Prugr‘am can provnde . P .
These bdoks will defme t.he objectives of each experiment, desciibe the suentrfu

- , background on which the experiment is based, or:tline the experimenta! procedures, and

¢ 4 mdlcate the types of data anpupated . v

lp4 preparmg these documents an attempt “has been' made to illustrate relationships botween
the planned Skylab investigations and high school science topics.. (Refer to Table 1.)
Conr‘epts for classroom activities have:Seen included ‘hat use specific elements’ of Skylab
scienice as focal pomts for demonstrations of selected subjects. In some areas these address
% | current curriculum - toprcs by providing prattical "applications of relatively familiar, but
. / sometlmes' abstract prmcrples, in other areas thg goal is to provide -an introduction to

: /- phénnmena rarely addressed m high sthool sd(ence Currrcala i .
- , . .
// . 'l’able 1 Related Curriculum Topics . . . v -
{ . + §UBJECT . [} , ”
- ’ " | INDYSTRIAL- I -
ot ' ARTS— | n C -
EXPERIMENTS ARCHITECTURE} BIOLOGY . PSYCHOLOGY ‘PHYSICS
Time and motion study | . Gravitational Task time measure-} Masses in
. * Motor sensory performance N effgcts on co- ment techniques; | motion
. CRN ¢ \ ordinated weightlessness as 7
o . ) Lt . muscle move- a stressed condi- .
\ : _ment tioa? ° .
* Web formation : . Web spinning Spider web pat-
’ ' ' . . . mechanisms .| terns-
- , Habi'ta'bility/crew quarters | Analysis p'f habs- y- Perception of con-
: . - "y tational environ- k - t
o L Inflight aerosol analysis rr(:elr:)tzd en "‘"; ' ) g for »
- . v, e H [y -
ERIC . : ‘ P :
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. , .
It i the hope of the National Aeronautics and Space Administratron that these volumes will

_assist the high school teacher in recognizing the educational value of the mformatlon
resulting from the Skylab Program which is available to all who desire to make use of it.

. .
: .

Application .

Readers are asked 1o evaluate the investigations described herein in terms of the scientific
subjects taught in secondary schools. The related curriculum topics identified should serve
as suggestions for the ‘appiication of Skylab Program-generated information to classroom
activities. As information becomes available from the Skylab Program, announcements will
be distributed to members of the educational communit} on the NASA Educational
Programs Divisiori mailing list. fo obtain these announcements send name, utle and fuP;

school mailing list (including zip \code) to:
- . )

-~ Washington, D.C. 20546 : C
Mail Code FE - ' ! .

!\ . - .
. v . . \

' ’ )
This volume describes a series of expenments being conducted‘on Skylab that -will measure
and evaluate the ability of*the crew to live and work effectively in space. The methods and
techniques of Human. Engineering’as they relate to the de.'sxgn and evaluation of work spaces,
requirements, and tools are described, and the apphcatlon of these methods and the Sn(ylab
measurements to the design of future spacecxénft is discussed. .

-~

. -
.
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The Sk/ylab Program "\ ' n : . ‘ "\

‘ !
The Skylab orbltmg space statlon wilk serve as a workshop and living quarters for astronauts -

as they perform invyestigations in the followmg broad cat,egomis physical sciences,
blomedlcal sc1en,ces, Earth applications, and space aprplications. :

r

’I'he. spacecnaft will remain operatlonal for an eight-month period, manncd on three
occasions and unmanned during intervening periods of operation. Each manned fhght will

“ ) ’

have a crew of three dlfferent astronauts. The three fhghts are Flanned for durations of one -

month, two months, ar.d two moriths, respectlvely

’
[

A summary-of objectives of each of the categories of investigation follows.

Physical Seience . . . ’ : o ..

Obser-\.lations'free -of filtering and obscuring- effects of the Earth’s atmosphere will be
verformed. to increase man’s knowledge of (1) the sun and of its importance to Earth and .

mankind, and (2) the’ radiation and particulate environment in -near-Earth space and the
sources from which these phenomena emanate. e o



. spemmens “and film are retumed to Earth.

Biomedica! Science

[y : PR .

‘Observations under conditions diffe .from those on Earth will be made to ‘increase man’s

knowledge of the biological functions of living organisms, and of the capabilities of man to

live and work for prolonged periods in the orbital environment.

Earth Applications . .

Techniques wm be developed for observmg from space - and interpreting (1) Earth
phenomena in the areas of agriculture, forestry, geology, geography, air and water poliution,
land use-and meteorology, and (2) the influence of man on these eleznents. !

Space Applications - I . .
,,chhniqu_es for adapting to and‘using fhe unique propertie_s of space.'flight will be developed.
‘ o . *") z } . ‘ v v ' * .
“The & .‘ylab Spacecraft L. ' . i
: : -
The Skylab ciuster contains five modules (see 1llusfratlon) ~ " ’ *

1) The “orbital workshop- is ‘the pnme hvmg and- workmg area for the Skylab crews. It
contains living and_ sleeping quarters, food preparation and eating areas, and persgnal
hygiene ‘equipment. 1t alsc containy the equipment, for~thg biomedical science experiments
and for some of the physical science and space gpplications &periments. Solar arrays for

. generation of electrical power.ave mounted outside this module. -

A} . ot - <, )
2) The airlock modulc contains’the airlock through which shited astronauts emerge to
perform activities outsjde the cluster. It also contains equipment used to control the

. clustens mtérna‘l enwronment and the wo*kshop electrical power and communications

systems .
- -
. -

3) The mult:ple dockmg adapter prov1des t.he gockmg port for the amvmg"a.nd de;xrting
command and service modules, and contains the ‘control center for the telescope
experiments gnd sy,stems It also houses the Earth‘apphcatlobs expenments and matenals :
science and technology expenment.s.. . . . . s .
4) The -Apallo telescope moum’ houses a sophisticated solar observatory having é&ight
telescopes observing varying wavelengths from visible; through near and far ultraviolet, to
X.ray. I# contains the gyroscopes and computers by* which the flight attitude of Skylab is
controlled. Solar arrays mounted on this module generate about half of the electrical power
available to’the cluster. :

- 5)° The command and service module is the vehicle in which the crew travels i‘rom Earth to

Skylab and back to Earth, and in which supplies are comeyed to Skylab, and experiment -

.
Lo
-

Skylab w1|l fly in a circular orbxt about 436 kilometers (235 nautical miles) above tne
surface of the Earth, and is planned to pass over any given point within latitudes 50° north
and 50° south of the equatof. every five days. In its orbital configuration, Skylab will weigh
over 91,000 kilograms (200,000 pounds) and will contain nearly 370 cubic meters (13,000
cubic feet) for work and living space (abott the size of a three bedroom house).

- . ¢ . - )

ount .. .
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r < . . P . .
‘ ‘2 *Solar a;rays . P 8 EXPe‘riment compartments . 2
3 Sletping quart.ers A ; "9 Airlock modiile ) - . .
~ 4 Personal hygiene "« 10" Airlock external hatc|'1 . - Y
. s . :
5 Bio_médical science experiment, ~ 11 Multiple docking:a_dapter . o
. . 6 Ward room - . 12 Earth resourc;; expériments
’ . c. . o 13 Command and service module )
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BACKGROUND . ~
1man lengineering has been defined as that area of knowl-
ge, dealing with the capabilities and limitations of human

performance as related ‘to the design of machines, jobs, and

other modificgtions of man’s physical environfment.” Human
engineering sq%:s to ensure that man'’s tools and environment
are prgpe_rl matched to his bhysical size, strength, and
speéd, ang-tb the capabilities of his senses, é’emory, cognitive

skill, and-psychomotor functions. These objectives are in cor- *

trast, to forcing man to conform or adapt to his physical
environmeny. However, given the condition that man must
adapt to a new environment (weightless spaceflight), human
engineering techniques seek-tQ measure his ability to conform
to this new environment (Refef to Section 2.), and™to ascer-
tain the degree to which the planned design of the habitat

facilitates etficient manned op®rations. (Refer to Section 3.) .

LN - (3 .
Human e!r‘@a‘ueering'has_‘g_lm been termed human-factors engi-
neering, enginkering psychology, apptied experimental
psychology, ergonomics, and biotechnology. . o

-

~ Among the ptdblems of human engineering are the d'es'ign of

(1) visual disdlays'-for ease, speed, qnd,accuracif of.interpreta-
tion of informiation; {2) audio signal $ystemg and voice com-

municatiofis systems for 4ccuraey' of cotmpmunications; (3).-

controls; and (4) seats,-work statiafy, cockpits, ahd control
consoles in terms of rnan’s-physical size, comfort, stfength,
and visibility. Humah epgineering addresses itself to problems
of physiological stresses arising from such environmental fac-
tors as heat and cold, humidity, high and low atmospheric (or
environmenta brqssure, vibra;h'n and acceleration, radiation
and toxicity,.1llu..dnation (er lack of it), acoustic noise, and,
in the case of spacecraft, weightlessnéss. Fjnally, the human
engineer is concerned with man’s psychological stresses aris-

. ing from work speed and load, and problems’of memory,
perception, decision-making, and fatigue.

N ) .
The foundation of buman engineering was laid’by Frederick

" W. Taylor, who demonstrated that proper design of work

stations and procedures led to greatly increased productivity
of workers. Barly systematic studies were made by Erank B.
and Lillian M. Gilbreth whose system of categorizihg han

movements is still # standard time and”motion study teéch-
nique. The Gilbreths wert uniquely qualified to_ undertake a

task réquiring,understanging of the human factor as well as a.

knowledge of matgrials, tools, and equipment because,of Mrs.
Gilbreth’s training as a psychologist and Mr. Gilbreth’s engi-
neeringﬂbackground.

._World War- [# caused/a greate demand for psychologists and

physiologists to assist ‘endineers in desjghing aircraft, tanks,

g;shlps, submarines, dnd other weapons to -ensure that -ﬂw;?e
., - - .v ~ - N
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O i
devicés could be‘operated under stress’by men with relatively ~
“little training. Often it was found that engineers had degigned .
the equipment for themselves and, as @'result, large service- o ’ .
.men could not fit_in the allocated spaces, s‘mall) pilots™could . , - \
, not reach’ all/the aircraft controls, or an appreciable percent- . - ¢
v A ~ age.o th‘e operators were lacking ‘in suffitjent strength or -
] . . ~vefe confused by complex procedures for operdting ltbe'\mr \
. ﬁ { eﬁuipment. After World War II, fnrm{"courses in human - T -
< en ineeririg were introduced in psychologyyand. engineering
% - depagtments of colleges and by professional organizations in 7 ' |
) .the l'Jnited_'St,ates and many European:countries. -
. ) A S . .
~ - Early research efforts weré directed, at providing experi- : o
mental data ‘for some of the more* 6bvious gaps in-human '
éngineering knowledge, such- as theJVariati'ohs in the physical - . <
. dimensions of men and women of different dges, {ie rangé"of R '
strength .and speed capabilities of humans, and the physical K
 ~ conditions ‘ungler which they could detect (br read) certain < LT
" . “visual imagesy and hear (or discriminate) certain"so.\mds. As o
MBte. sophi - “dted te(-'hniquﬂé were developed, ofher sensogy . -~
capacities of tcuch, smell,"é:d motiorr, as -well as the more J : . -
e complex and subtle proble of training, stress,®and fatigue,
A . ?ec’ame amenable to laboratory experiments.
' ’ . 1

oA . .SCIENTIFIC CONSIDERATIONS -

~

+*

physical dimensions of the human body is catled Anthropom- measurement.of the {human
etry. In designing a cansole, work station, aircraft seat, or a -2ody. . -
« special piece of personal equipment, such as a spacesuit, itis - : « L
" impaggtaht that the désign dimensions used can accommodate . )
as l4rge a number of the intended users as possible. However, Je o
_ designing a console tailored to the largest-person may mean
that the smallest operator. cannot reach all the Controls unless. .  '* -
\. various ‘features of the equipment are adjusiable. Moreover, - :
= people are not shaped in simple proportion, i.e., the person . N
- ¢ with the largest head does not necessarily have the longest S . ¢
+. “legs, or "the greatest waist measurement. Thexge is no average ' '
man. The person, who is average in one dimension is not
} . usually average in another. To accommodate this discrepaicy

,Anthroponét\!}dme specialjzed field of human engineering dealing with .he Anthrobdmetry-—.lit}mQ

*in the population of aperators, certain features of a mactiine _ - N
L - often need to be designed to be independently adjustable, as o , ' {
- in the Case of an automobile seat. While adjustment flexibil- - - P
v ity is not always.possible, a< in the design of a custom-made ' ) .
. spacécraft.couch for a particular astronaut, it\s important in . -, -

sizing most' equipment to knowiwhat percentage of large - -

people and what percentage of small people will nat be ac- .
. commodated, @nd to weigh the relative costs and advantages
.. of adding adjustments or building the equipment in different _
. sizes.” o T - S P
T . H - g - .
Displays and  Problems associated with visual displays have been of consid- - © ' '
Controks erable interest to desigmars of aircraft, ships,<submarines, :

\‘l« o . . Tt Tl '-l. ‘-‘
ERIC. - S L
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spaceeraft, nuclear reactors, electronic equipment, and tools
of all kinds. Human engineers have attempted to specify the
light intensity required for accurately readihg various dials
and displays.in relation to the iluminatior level %f the back- *

ground. Design recommendhtions have -been established for o roe
specific tasks and envirbnments, optimum shape and- spacing '

of numerals and indicato¥-maf¥s on dials; colors that give the * - o,

best contrast have been specified; and the distance from’ : ~
which markings of certain sizes can be réad (resolution) has ~

been determined. ~ 2 AN

R . 1 - —{ N [ e ) ’ . * : . o N : . ..
‘Electronics has made, possible an ber of visual digplay . g .

techniques: self-illuminating electroluminescent numerals and . . .

halogtaphic.photographs, which when Hluminated by coher- Do ‘ -
ent lightj (Laser) beams, appear three-dimensional. Cathode '
ray tybgs driven by computers can. provide d tremendQus \ .

-+ variety fof images, including letters and nunbers (alphanuger-

displays to replace multiple single-purpose indicators_and o

ics), gfaphs, and television®type displays. Consequently, in -~
new akcraft, spacecraft, and other sophisticated applications, .
many the single-;\n:pose dials and indicators are being re-

placed by ‘relatively few computer-driven displays, which are

highly fle:_c'ible and can display many different kinds of infor- .
mation, Sometimes these displays can be called upfby the I o
operator by feeding certain coded messages,to the computer - = o ; .
via a keyboard. Alternatively, a number qf)different indica- :
tions, both qualitative nd quantitative, can be ifbegrated on
a single display, such as the integrated aircraft landing dis-
plays now used on jet ajrtraft. The use of flexible, integrated

-

conttols is rapidly developing throughout industry as a‘result v e N N
of loYv,er cost computers.and electronic components. .,

’ ~ ’ . : -
With respect to auditory displays (sound signa’r?ng systems), ‘ - .
human engineers- can specify how loud various sounds must ' ’
be to be heard against bagkground noises of differing levels.
Because consonants, w}’xicﬁ have relatively higher frequencies -
and lower loudness, are known to carcry moére information
than vowels in the English language, the fidelity of voicé
communications systems at these higher frequencies (about
2000 to 4000 Hz) is recognized to be more important that
the fidelity at lower frequencies. New electronic reading
machines and mobility aids for the blind have mad® use of \
auditory signals.to replace visual senses. oy "
An important human engineering problem is the coordination
of displays with the controls by which responses to these.” .
displays are made. In prdctice th,Lé?e are many violations of
even simple common sense design principles, such as locating
controls adjacent to displays when they are used together,
arranging for controls to move iyﬁ the same direction as the
assoriated display, or having all displays and controls move in-
the same direction to turn them off. Although the humaxg I . .
operator can adapt to areasonably broad range of forces and . I

4 ¢ . \‘\\\3
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" sizes of controls, some controls are still insttlled that rehuire
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either morb strength or sensitivity than many operators can-

exe;cnse Human engineering handbooks that summarize vari-
ous experimental Jata-and contain’ recommendations for
proper display ahd contrdl design and ‘layout are now avail-
able,

: Hurhan engingers are C)rcerned with the deSlgﬂ of (1) \inan ’s

environment to enhance his information processing ability
and (2), to rr)alntaln his body functlonlng normalty. These
concerns require an understanding of man’s tolerance ganges
to heat and cold, to high and low pressures, to varying atmo-
spheric concentraﬂons, to acteleration and vibration, and

.now, in the age of manned space travel\ man’s ability to.

.

function properly .in a .weightless environment, Engineering
solutins to these probleins can ‘l\e the form of spacesuits,
) dmpg suits, special clothing fo
sp’.eric co?\trol units for sealed cabins and tanks. Alterna-.
tively, working conditions can be arranged so as to liqnit ex-
posure to Mazard, for example, by:determining the least fa-
. $iguing distance from an open door 'Qf a blast furnace, or by
recommending the maximum ?me that can safely be spent at
vertain altitudes without supp egxenta] pressure brez%hmg ap-

~
- r .

Bodily' comfort is dependent upon a combination of ambient
temperature, ‘pressure, humidity, air mevement, and amoupt
of dlething, all- of which affect thé body’s internal mechan-
isms to ke the internal body temperatire constant at
98.6°F. Proper resprratlon depends upon the combination of

. ~-ambient pressure and oxygen concentratfon.. Corstant high .

accelerations, as experienced by astronauts d,p.ng laynch and
“reentry phases of spaoeflights) gan drai the blood' from the
eyes and brain and temporanl){aqrevext man’s proper func-
tioning; such adverse effects can be prevented by orienting

the body properl} or by the use of ial pressurg suits that
keep the blood from pooling J e veins of,the torso and
legs. Vibration is known to cause motion siskdess if it occurs
at certain frequencies at which part% of the body resonate
sympathetically (2 to 5 Hz peak). Levels of thermal, pressure,

atmospheric, acce,deratlon and vibration stresses, which are‘

individually mild, can have violent effects when they occurin
some’combinations.

Human factor cdnsiderations often je ermine whether a par-
ticular vehicle, tool, or erivironment 15 safe. The ability of the
human body to withstand various sudden acceleratery forces
is an important aspect of highway safety. Seat belt design for
automobiles is based on rocket sled experiments originally

‘conducted to design crash harnesses and parachute harnesses

for aircraft pilots, /

: ' ’
Human reaction time is also a large factor in accidents of 3l
types. It has been shown that human reactions under the best

. ' : \ ) .

tteme climatés, and atmo- "

h

Bnvironmental Stress—extreme en-
viroimental conditions -such as
high or low temzzrature, high hu-
midity or loud hoise that causes,

discomfort to an indjividual, are
_examples of environmdhtal stress.
) .”

Rocket Sled—a device used to
test body restraints al extreme
accelerations and decelerations.

)

»
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conditions' bULh aQ those that exist when bZ'\ alert expectant "

sngnal is about 14 second. As the num N,/of response
choices from amoug which the subject must Thgbse increases, . X .
the, reaction ‘time increasks as the lo,ganthm f N. Reactlon e Y ,
times can alsq increase many tlmeS‘aS a function bf boredom e

and fatlgue, but. reliable quantitative predlctors f ese fac- . 4 v
tors-are not now aviilable. .
/’ -

- / ) ! : ' N e
Recent research efforts have attempted to determine the’ op-. : S Coe T
timum work load for a human operator.- This research is ) '
motivated b‘he grz!dual'dlﬁappearan;e of routine tasks
which can be performed at an even pace and somewhat mde- N oo
pendently of tHe euvu‘onment Man is used increasingly as a E e Vo
monitor -of complex semiautomatie systems where thé defec-
tion of:certain low probablhty contingencies, or faijure of the
~system, requires a rapid and .dependable corrective action on * - .
" the part offthe operator. Examples of this type of monitor - P -
_ function occur in induskgial inspection Rrocesses, monitoring ' R
" of nucle?r reacto& and the piloting.of spaceéraft and air- ' '
. L ’
v ‘, ) " e . ) . . ' . -
Early studies of standirg watch on ship and radar monitoring )
indicated that man could remain.yigilant only abqut % hour o v .
. for signals that occur ,rarely.if ever (such 3s a ‘ship on a !
collision course with another a. night, or m fog; or the ap-
proach of enemy aircraft of missiles). One’ technique em-
plnyed to. keep men on watche and radar operators alert is to. ,
lrhf duce artificial signals which the oberator cannot mltlally ‘ .

riminate from the real ones. , . s
[ ) \ . .

- A

* The NASA ‘has conducted sxmulatlons<of long space flights

where not only was the workload neghglble but, in .som\ ' ) ,
cases, sound. light, temperature and gravity sensations were - .
reduced to a minimum.. Under these conditiohs, man be-
comes decreasingly alert and may even hallucingle to sbsti-
tute imagined sensations to compensate for the lack of real /
sensatlons(stlmuh) s ° [ - s . 4 - /

-~

-

At the opposite end ofk‘he yorkload scalz.human factors ° ' !
research has determined/the upper limits on what man can do. . '
with' his sensors ‘and muscles, both in transmLttmg informa- \ . .

tion and in performing mechanical work. Mah can’transmit Y o
about 35 bits per second during such activities.as piano play- Bit—the discrete selectickot,one
ing and speaking, but for riore routine manipulation skills his  out of two alternative choices.
rate is much lower. As an engine for performing meghanical ) ' )
work, man is rather inefficient; experiments have shown that

the average man even while operasing at peak efficiency can
produce about Y2 horsepower for only about one minute. In
order tc do so, his body produces several times that amount - X
of energy in wasted heat. (Refe;j to Volun)e 4, Life Scier %,

‘for a more detailed.discussion of man’s energy expendituse. )

:

.



Man -'{’ersus
Machine

Wrightlessness

. call specific quantitative facts frgm memory faster and mbre'

. a result, amy task that requires physical effoyt is- pevformed '

SN

4 s

"A fundamental problem of ever- mcreasmg Jdmportance for,

human engineers, is determination 'of what tasks ghould be? °
assigned to man and what tasks to machines. It is a fallacy to

think that many glven tasks can be best accomplished sokely

either by a man or 3 mathine, without aid from the, other, ,
because often some elements of both\prowa mixture su- ., ) .

.perior to either man or machine alone. For example, ma-

chines -are superior in speég.and power, more reliable tor - ,

- routine. tasks (being free from boredom and fatigue); can /

perform computations at higher rates; and can store and re-

dependably than man. Man; by dontrast, s remarkable sen-

sory capabilities, which are dlfflcult (and expensive) to dupli- .
£ate with instruments in range, size, and power. (The ratio of .
the greatest to the-least energy:which man can elther see or
hear Is about 1:10'3. ) Man’s ablhty to perceiye patterns, '
make relevant associations in his memory, andNinduce new
generalizations from empirical’ data remams far supenor to .
-that of any computer 2xisting, or planned Thus, while man’s
information processing rate in simple skills is low, his mfo;-
mation processing rate for these patterry recognition and in-
ductive reasoning capabilities (of which little is tinderstood)
appears far greater. The science of alfocating tasks to man
end machines, based upon whdt each can do"best is still in

kY

) the early stages of development.

‘ N ' N
APPLICATION. - . SN

- 4 [N . <

The scienc’e' of hum
most modern ind
éfficient perfor

engingering is applied.to the design of

tial facilities to effect a safer and more’;

ce from equlp?pent and operators. ‘This . .
science cayq also applied to the design of other f?clhtles

such as domestic a ;ances, houses, cars, schoqls stores, etc, !
It is expected that in-the future the scientifc methods and
principles of human’ engineering will assumelan ever-increas-

ing roie in man’s daily life. This role-will b¢ emphasizet as

the population density increases, as urban development be-
comes more*complex, and as -technologlc veloprdents -
stress ma\ms built-in limitations. e - e

- »

N il

On Earth, the gravitational fleldcresults ina contmuous' dlrec-
‘tional force' “weight” that actstgn all objects. We learn to
perform each and every task in the presence of«this force As

with some of the body’s muscles workmﬁagamst\or with = .
gravitational forces, in, lifting the_arms or Yegs, ,mqving ob- ~
jects, and orienting the body to an upright position. These’
muscular movements' are strong habits. In the event that this .-
fc(ehng of weight is removed, it is expected some/confusion r
may result, some loss of muscular ooord}natlon may be ap-

" parent, or there may be problems assomated with orientation.
%

The following experiments, discussed in Sectidn 2, consider

. the gffect of weightlessness on physical activity.

e



- 0
Experimets | :p Time and Motlon btudy
Wenghtlesa‘hess ( L.
- o Effelts of Weightlessness on the time
. SR comphshmg particular tasks.

!
“s

and manner of ac-

]

Motor Sepsory Performance (Skylab/Studenf Expenment)

\

Web‘FormatLon (Skylab Student Experiment),

T e Determine if a spxder can functxon normally ina wexght-
" less condmén. “ . .
M ' " 1 o "
. ;

. ~ role played by gravity in ensuring that (1
- ravgilable at a faucet; (2) waste preducts fl

. The wexghtless condition ¢an also impose unique réequire-
ments on the provisions for day to day living activities, The

) a flow, of water is
ow through sewers;

. 1(3) objects and people remain in their place/s when required,

Y mustbe deliberately desxgned into the spade,craft

» The Skylab is tHe first space mission whe
ence long peno;is of wexghtle5sness The
tions provided in Skylab are assumedqp

. ever only limited data is available *corlcerni
o & ' in living and working -in weightlessness. -

re man will experl-"

living aceommoda-
be adequate,'how-
ing man’s problems

Qectxon\3 of fhls

v {  volume covers the astronauts’ evaluatlon of the living accam-
modations. The ddta obtdined in the efaluation w1|l be used
~ for the desxgn‘of futl{)‘e manned spacgcraft.

r
.0 ETfe(.ts of weightlessness on- metor sensow performance.- .

-
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A

SRR CREW ACTIVITIES/MAINTENANCE STUDY  ° -
N S i . S ‘ - . ' ' .
: 'BACKGROUND - " o . D

Previous sbace missions have -indicated that man in space is’ !
c&pable of conductmg many of the-activities that he accom-
_ plishes on Earth. However, very limited data have been ob-
tained cancerning man’s gapabilities to perform various$ kinds
of physical work vin weightless space. The wotk, in Skylab by
~consists of a number of physical tasks related to the per.for- R
‘. . mance of the experiments and the conduc? of daily opera- LI .
LA t\ons In this mvestrgatxon data will be ohtained with respect ~
o to the astronauts’ abnhﬁ/ to assemble or disassemble equip- )
t. ment (manual dexterity), mageuver inside the'spacecfaft /
N ’ - (locomotion), and transfer and handle, masses (mass handling - :
and transfer). With these data, the deslgners of future space-
_ craft will be able to design tools and equipment that are more .
) .éffectwe in a weightless env1ronment i ‘. = -
S On Earth, in the presence of gravitational forces, many °, '3
-, - people fra\(e learnedto manipulate tools and accomplish tasks
efficiently. They have learned certain tasks such.as turninga .
.screwdriver, workihg with a wrench, and l"ﬁting and moving ‘ . e .
objects of various sizés from one place to another. These " )
- tasks ‘appear to be relatively simple with respect to how they S
aré accomphshed but'\lt is lmportant “to\consider the patt, . ‘ R
i ' giavnty plays in these tasks. . \
. B vy - v ) = 4
' » Consider the forces mvol)led when an m(imdual \apphes a ) \, -
. downward force to tum a wrenah or to close the hood of a L )
car. There is an equal and opposite reactive force onhis body (
-, ‘and, depending on his positign and restraints,‘he wilPtend"to : -
© ‘movg in the dlrect n of~this force (in this case—upward). .

., The ‘gravitational to,rce however, provides his body with the * . \
-y restramt that he needs to overcome this tendency to move. - v,
Voo Grav1ty alse results in a force of friction which keeps his feet..

’ from sliding but,” more important, it provides a large stable

component of force verticglly downward Yhis weight). As .

) ‘ long "as he is applymg a force less than his weight, he can

work effectively in a stdble position. He learns to rely off the ; ‘ !
stability that gravity has provrded :

~Y

When -an astronaut in the weightless |environment of the -
Skylab applies a single directional force, his bady, without
’ the stable force‘component (h\s weight), will begin to move
) in the opposite direction. Heimust learn to “counter” his
~ T apphed force by holdmg on to some stable fixture in the .
work area. . . *
r L T
¢ " The same counter force is requirei when he attempts to
transfer masses in space.-Although a massis wejghtless in
orbit, it still requires some coordinated effort to put it in . a
motion, or to qhange its durectxon or to stbp it after it gets




? . % .

moving. It may require some experience in order to learn to

handle objects in space with the samq dexterity as they are
/ handled on Earth. ’

: of course, if the astronaut wats to n{ove his own body from
place to place*wrthrn the Skylab he only needs to push him
setf from a wall or floor with a small force and he-will mov

- | “ina straight path until he is stopped by, the opposite wall or

. ceiliifg, althoggh,. if the pushoff force is not trfhsmitted

' ) o through hig"body’s center of gravity, he will have some com-

ponent of @ttitude rotation in the resultant force that may, .

cause him to arrive at his déstination improperly oriented.
to +  Since-ap equal force will be required in deceleratipn, he must
LA be *prepared to absorb the impact safely. Thereforé, some
- : experience in locomotion is needed in order for the astronaut

* to learn to stop properly. b .

* Another aspect of working in space is tl}e dexterity needed to
. manipulate small-tools and coypemnts Being weighitless,
small componen{s will not “Pést” on a surface. They will be
subject to- small forces sucp”as A cutrehts or accidéntal
bumps that could send the \off anq Qut of reachs The addi-
tional care that must be taken to handle small in space
1may require some learning tlmé unsil adequate /centrol tech-
niques are ledrned. ' . :

- L
v ' " Human engineers who*must plan deésigns for. future manred
spacecraft equipmept are interested in the performance capac
7. bilities of the astronauts in ghe weightless condlt ) - ,
o ( need to know (1) the problems enco tered in ha ﬁd‘_ U
: * .. \'moving masses from place to plac , (Ql) if some ks are . ..
- easier, quicker, or slower than the/same tasks perﬁ)rmed’on. 3
Earth, and (3) if there are any special technlqueswr coordi: , ( ¢
nated maneuvers that must be uspd to move about the space-
craft. Knowledge of all of the p tlg:xlar performance factors L
- ( that relate to altivities.in weflghtl tegs is neefed in a design .. - !
* .'('analysis. In orde to obtain this irfegmatio abseryationds
" wilh be made .,f' the various activities tha schpduled for
r . . performance in Skylab. The activities include -operational 1 1
" tasks,- malntenapce tasks, the disassembly and reatsembly of Loco MOtioln
various items of equipment, housekeeping tasfks and experi-
ment tasks. . ’

Onboard photoé‘raphs and TV recomls will be made og\the
crewmen as they perfogm these various tasks. These photo-
graphs .will be compared to data obtained in controlled obser-
vations of similar activities performed on Earth. This ¢ompar-
. ison will provide the outward observable differences. 4

Another source of data will be the subjective data obtained ¢
from_the astronaut. The astronaut will be able to describe the’
problems encountered, the e fectiveness or lneffectrveness of

some” work aigs, or the rieed for additiongl handles or re- e
straining devices, and the improvements in training tech-

niques that could be incorporated?
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Representative
Inflight
Activities

PERFORMANCE , ..

~ comments on selected portions of the inflight activity films

.
VAR -

"~ .All of the devices that are now inéorpqratéd in Skylab to

assist in the performance of tasks in g weightless environment
are based upon experience in previous missions ‘and the de-

ssignersgcalculatiqns and -assumptions as b the physical.capa-

bilitiesand limitations of the astronauts.With addjtional data

doncerning the effec}iven ss' of the man-machine relationship .

in weightlessness, a more'effective desigh should 'résult. .
OBJECTIVES - x
In this experiment,”the crew will evaluate Skylab man-
machine relationships by gathering data concerning ability to
peitform work in the weightless environmentyon long-duration
nissions. Specifi¢ objectives are to— * . e
.. . ’ ~ - - i . e .
1) doriment. man’s performance during prolonged weight-
less-spaceflight; ¢ . .

"2) evaluate the data obtained reletive to the desigr'\ critéria

for Skylab;. -~ 0t

3) report the evaluations and conclusions in terrhs useful to
. the designers of future manned spacecraft and,the plan-
" nets of future manned-missions,

- -

-

Crew activity data acquired, durfng preflight simulations and
training ;g’ssior)s'will be usdd to establish baseline data for”
comparisons wit2 inflight data acquired for similar ac,tiviEies.‘
Evaluatidn data are required on.each Skylab mission. For the
nominal evaluations, the prime sources of data will be 16mm
mntion pictures, TV coverage, -and voice-recorded or log-
book-recorded comments concerning the adequacy of perfor.
mance as a functien of Skylab/crew work ‘interfaces. Crew °
subjective and technical*comment during postflight debrief-
ings will provide a substantial portioh of data inputs. Crew,

will also assist in the evaluations. N

" {

Representative inflight activities which are intendéd to he
photographed include: - / : .

1) removal of film cassette from experiment magazine;

2) transfer of ambient food bale from food locker in for-
YV ward compartment to pantry in wardroom;

3) setup and use demonstration o|f ATM “‘chair” restraint;

'4) assembly of articulated mirror system and film carrousel

on the spectrograph; : -
5) reloading teleprinter paper cartridge;
6) replacement of mol sieve charcoal canister;

7) performance of various maintenance tasks.

. 3

& ' .

-

A °)
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o A]l physijcal actlvmes, however will be subject to evaluatiop
R . , by the astronauts at any time during the mission. .
. DATA . o,

‘ "+ The motion picture film, voice recordings. and logbook will
. . , be returnéd after each mission, and a debnefmg session is
. . , planned‘for the astronauts.

_ A e’ What unantlcnpated problems occurred .in performing
e, : various activation, housekeeping, or.experiment activities

madequate preﬂlghtsmulatlons trammg techniques, etc?

ticular, #what tools are well-suited” and what tools are
poorly suit>d for use in welghtlessness"

L] What work activities planned .for ap individual astronaut

L have required ass15tance from another crewman? “Are

. ’ there any activities scheduled as two-man t,asks that could
be performéd by one’ man? r

e. Evaluate both .the beneflc.al and.the'detnmental effects
of welghtlessness on the following types of - -activities:

! 1)' individual work actlvmes while res;ramed at a specnflc_

work location; , . -
2) handling and transfémng various snzed equipment

. . items; . : . .
3) wotk activities requmng assistance from another -
. . crewman, ' .
¢ ) - - 4 personal mamtenance activities (personal hygléne
. ) donning/doffing garments); R
SN . 5) waste management and cleanup chores; .

ne "~ 6) locomotion in and through the various Skylab coms-
. partments. '

¢ What sngmflcant lmprowsat ons (procedural ‘equipment

PO arrangements or modifications, etc) haye you accom-
plished as a result of adapting to hvmg and’ worklng in
‘weightlessnegs? ~ |

g : BACKGROUND

.. to date? Can the problems be traced to the lack .of or -

. \3 Hpw efféctive-are the varfous tools used thus far; in par-

t

*Time and Time and motion study has béen an accepted technique in.

Motion Study . industry for moré than half a century, and has generally been
DR cused for the purpose of establishing standard times for indus-

T trial operations of all types, ineluding repetitive as well as
nonrepetmve operations. The techpique has been used as a
«_ basis £4r improving the work conditions of a patticular opera-

- - for the vperator. -
oy ! ‘ )
One of the prmupal technlques for apalysis, especially when
'very ‘acfyrate results are, desired, is the use of motlon pics
s B . e ‘

-

tion by making the work place more convenient and efficient

2

,
/
./

>

Dei)_;ieﬁng-—questiom “addressed
to. pilots or astronauts following
a mission. :

It has been observed ,that ablhty

to maneuver in a weightless en-
onment is better for some ac-
tlvmes than the desigmer had

anticipated. -

\



!

tures. The motion picture film provides a permanent record
of the operation, and many aspects that would ordinarily be
missed in conventional stop watch time study can be.&na-

lyzed. Motions and groups of motions can be studied exten-

- sively, and if additional data other' than motion pictures is

available, they can be correlated with the film analysis. Such
films are frequently used ‘for training of tirne study practl-
tiofers in vanous phases of the work.

3

Time and ion study has been strongly influenced by
hum actors and experimental psychologists, and has devel-

oped into what is now known as human engingering, with

~

more emphasis on the physiological aspéct of human work..

This is especially true of research work in the field. The use
of computers to analyze‘data, as well as to process the large
amourts of data generated in éxperimental work, has ad-
vanced the field to a higher level of sophistieation. _

L ] ) R
In addition to the specitic objectives ’proposed this experi-
ment is an exploratory sti*dy to provide data for the analysis

" of any temporal changes in the pattern of inflight perfor-

.. preflight and mfhght task performance

_such tasks as— . J
-
1) astronaut trammg ’ <
# familiar with tasks, but not hlghly tramed ¢

mance compared to the performance pattern developed in

"trainimg on Earth. This experiment will also provide data to

facilitate analysns of differences in specific motlon patterns in

.

Some/l)fformatlon fromrprewous spaceflight reports 1nd1cates
that perfgrmance of specified tasks ‘during spacefhght re-
quires a greater amount of time than did the same”task on
Earth: For example, Gemigi 7 astronauts reported it took
“consnderably” longes“to remove space ‘suits in space..No
specific studigs or quantitative evaluations_have been Te-
ported regarding the mpreased time requlrement This experi:
ment ig designed to evaluate the effect of weightlessness on
inflight time requlrements by . pr\ndmg definitive measure-
ments of astronaut performance

-
- ’

A systematic study of the centrollable conditions-listed be- '

low will permit an evaluation of the effects of training, de-
gree of movement, and extent of motor coordination on the
efficiency, with which learned tasks are performed during
spacefhght The experiment design will ena'ﬁe statistical ana-
lysts, by means of analysis of variance, tests of sngmflcanée
etc, to determine if differences are chance or real. With ade-
quate contrQl, this study will determine the differential sig- -
nificance of welghtless environment on the perfoymance of

e highly trained on select’ed tasks;

13
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- 2) movement . ‘. .
.. ® none ‘required from location, but mampulatlon of
.. -equipment is required, N .
® movement required from pointito’ point within,the
. spacecraft (translation), . - '
fine motor coordination, . ‘
® gross motor coordination; e
*  38) feedback: . Ny . ] N
® visual feedback, . ' T - SN - .
® no visual feedback, -. O '
.- . s
® tactile feedback, . o Tactlle—per_ceptlon by the sense
. . LN : f ¢ .
- . - ® no tactile feedback, R ° ,mua' .
3 . . . . /"""
® guditory feedback, - /o :
. . / ' .
® ng auditory feedback ' 5 :
‘ ° combmatlons of two or more of the above feedbacks =t )
Y - ) _ C,
1 4 . - -
SCIENTIFIC OBJECTIVES - ‘ : .
. . . .
c The Time and ’Motlon Study experiment is umque in that it is '
totally dependenﬁ“‘ﬁpon—{he films of fhght crew, activities o - -
(both expenmental and operatlonal) as; the pr1mar§ nonin-  Nonintrusive—observation of a *
. trustive data source. v subject without dlsturbmg his
- L. . - 'actmty ’
- . I s C.
. This experiment wilM™determin through analysis® o'f movie Neutral Buoyancy—overall den- -
- ~ film the effectiveness with which crewmen perform inflight sity of angpbject which is almost

tasks compared with their performance of the same tasks <€duel to that of water. A ten-
dency to remain.stationary when

durmg preflight training (zero gravnty alrcraft flights and’neu- submerged at. depths under the
tral buoyancy sxmulatlons) water. '

It.;is believed.that these inflight tasks will generally take mofe Neutr’al Buoyancy jSimula&'or-—
VR . time {g space’than they did on Earth, although it is conceiv- objects in space, being Welﬂr‘;
SO able th® some tasks may be simplified, but there will f#a less, behave a little like feutr
fhimal loss of e iciency, depending upon the nature of the buoyancy. objects in water. As
mihi T y, dep g up tronauts train by handling equip-
task. Welghtlessqe s and other variables of spaceflight, such as ment models of a neutral buoy-
a 5 psia atmospheric pressure, will affect not only the time ancy under'water.
requireq ‘but the motign patterns required to perform the - : ‘

tasks. Analysis of data from this experiment'will—

s

W

- 1) provide data on how man performs specmc tasks in

y spaceflight "and the' variables affecting the time and mo-

| tion patterns/ required to perform these spegific tasks.
. " ¢ Yhese data will provide valuable information for the y/ )
. ) _sign of procedures, mlsslon-tlmellges, method,s, tasks, and’ ST

a

3

equipment for future missions. . .. R o \

2) provide ‘data’on the effectiveness of restrgint systems - ) L .

used and the energy cost of astronaut moyements.

¥ - 3§ provxde clues to any possnble degradation of skills or
learnihg adaptations caused by extendeduspace _fhg t.

:
i l: l C ’ ’ - - )
B p ‘ .
- . . -~ ° . . . [y [}
JAFuitext provid: c . heN . ‘
. . LY
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4) assist In defining'th\é training time and level of graining

-. which a crewman req‘mres to perform inflight tasks effici-
ently

* . b) assmn'def\iniug'the time and r source requlrements that

. may be antigipated for ground based trammg, including
neutfal,buoyancy and weightless training flights for spe-
cific astronaut activities. » | ' Ce

-

6) assist in defmmg proper interface of man and equlpment
in weightless envaronments. , N

Motion picture film prouides a permanent reford and allows’
~ investigators to study time and motlon patterns as coordi- .
‘ nated activities, subordmate activities,' and specnflc act1v1ty
elements

-

A coordinated activity is one that involves all the actrvltles
needed to complete. a task (e.g., deployment and retrieval of
) large piece of hardware). Subordinaté activity is a grouping of
task activities that are ‘related in function and time (e.g.,
obtain hardware from stowage locker). Aq actiVity element is,
-a one-step activity within a subordmate activity (e.g., grasp
hardvsare.package).

%

The films from this experiment will be aralyzed visually

(frame by frame) and the results of this analysis wili be fur-

ther processed by computer analysis to allow plotting.of
learning and adaptablllty curves as well as the rate and-charige
«of the crewman’s ability to perform ta.ks m a spacefhght
-environment.

N

The time it taKes a crewman to perform a task (coordinated
.activity, subordinate activity, or activity element), as well as
the order in which he. performs that task will be analyzed

ThlS analysns will show any chtnges in t.he time requlred Jfor
these tasks and any alteratlons in the pattern by which he

. = performs .the task (i.e., procedural.steps rearranged ‘or steps
ehmmated) The analysls will show whefher the alteratio
_was necessary because of the crewmsn’s adaptablhty or be-
cause &" the’ equipment design. For examplé, an increased
. time in performing a tisk may mean that the crewman is
losmg efficiericy because of the length of time in weightless-

- iess and the spacecraft environmént, or it may mean that the

equipment he is usmg.has not been designed properly

N Analysis of t'hls filmed data is expected to help develop crew-

man working limits within which he may reasonably pe ex-
pected to work in a weightless endironment.

The experiment tasks to be filmed are— ’

. 1) attachment of biomedical sensors, translation té and
from points witHin'the spacecraft, ingress and egress of -
confined enclosures; mounging, applymg‘tstrﬁmts and
operatingrthe bicycle ergometer.

} \

/

-
.

hlcycle Ergometer—an exerciging ,
bicycle without wheels used bg ;
the #stronauts.

- .
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- 2)

\5)

- EQ;‘JIPMENT bt

th’ scientific airlock.
3)

-deploymg and retrieving .a large piece of hardware’ from

deploying and retrieving a medium- s1zed piece of hard-

ware from the scientific airlock.

4)
(spagesuit).

donning "and doffing. the pressure g

ware (such as the astronaut maneuvering unit).

6) fopa preparation and food residue mass measurement.!
T - .

These tasks were selécted because they involve both gross

movements and on-the-body manipulative tasks. Also, they
can be broken down into coordinated actlvmes subordinate

acuvmes, and activity elements.

]

Table 2-1 lists the SpelelC expenments and activities that are
to beé filmed during the timé and motior study experiment.

for all three Skylab nﬁSsnons
’l‘ablel Typlell Film Agtlvmea

£nt assaembly .

periodic maintenance -of hardware that requires rgmaval'
+and installation of assemiblies, and donning of such hard--

,
I

Photograpbed Activity , ~ °

Test Condition

Donning vectorcardiogram (VCG)
sensor, harness a
ingressing, an confined
‘enclosures, donning metaboljc ap-
paratus; mounting, applylng re- ~
straints, and operating ergometer

.Deployment and retrleva'l.pf
large hardware

Deployment and retrieval of -
T medium-size hardware _
Dortnmg and doffing of the )
pressure garment assembly (PGA)

Periodic maintetance of hardware
that requires removal and installa-
tion gf assemblies and donning of
sugh hardware where applicable

Food preparation and Tood _ ?
residug nvass measurement ¢
’

belt transltion,

| crewmeri worklng snmulta-

- 2 crewmen 4 times each,

Tetal of 8 performances by
including ‘at least 4 perfor-
mances of meﬁabolic acti-

vity by one crewman. 1

At ieas.t 1 performance by~ 2~
crewmen donning and doffing
PGA B

At least 3 perf(;rmances by 1

crewman, one of which must
be the suited run i

4 performancts of at least2 ¢

neously

»

h ]

\
The e,xpen
camera used

' «
[

. “«

)t equﬁnent consists ‘pnmanLy of a 16mm
photograph the expenment activities, and

- such sqpport guxpmeht as various carhera lenses, a hlgh -in-
vensxty larr}p‘,z}nd yarioas film and photegraphic accessories.

PE\RFORM?NCE

C A ©
.

. :
we schedle for performance of. this experiment is depen-

_dent upon the mission schedule. of experi'ment.s perfbrmancd

S |

.

~

A
*

0o

Donning—the act of putting on

weanng apparel. . e

Dofflng—the act of removmg
weanng apparel. .,
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Motor Sensory
Performance

Based on ground mission control updates of the flight plan,
the cameras and support equipment are positioned in the
designated location for the part.wxlar ‘experiment to be

X

photographed. -

The, film is annotated before each filming by holding a log
sheet in front of the camera for a short time. At the end of

the day, the astronaut will advise the Mission Control Center

of the experiments filmed, 'the percentage of film, and the
cassettes used.

DATA

A total of 38 film cassettes [4600 meters (15,200 feet)] of
16mm film will be returned after the performance of this
experiment. In addition te photographic records, other data,
such as crew voice recordings, crew logs, and telemetered
data, will be returned to Earth and serve as a useful supple-
ment to the film data.

SKYLAB STURENT EXPERIMENTS
f'

BACKGROUND »

Planning for future space missions anticipates the use (_)f man
to improve mission effectiveness. The necessity for human

. performance data is obvious, if useful work involving man

and machines is to be performed in space. Erection, aetiva-
tion, inspection, repair, and a variety of maintenance opera-
tions may benefit from direct participation by an astronaut.
Also, safety considerations imnpose_the necessity -of reliably
determining astronaut performance capabilities. *

Presently, there is a lack of information. in the United States
space program on human motor sensory performance (Fig-
ures 2-1 and 2-2) as affected by long duration-weightlessness
conditions. However, some research on bed-rest studies has
shown a significant deterioration in motor sensory" perfor-
mance as a function of time. Subjective comments and opera-
tional information from previous United States space flights
have not indicated any problems related to motor sensory
performance with exception of one Apollo flight. Subjective
comments from this flight did indicate a deterioration in
human strength capability. Russian’ literature on long-dura-
tion space flight has also mentioned some deterioration in
motor sensory performance as a function of mission dura-
tion.

A quantitative experimental evaluation of human motor sen-

sory performance degradation will be investigated on Skylab,
so that the true boundaries of man’s capabilities can be veri-
fied. Not cnly will this experiment furnish data required to
accomplish the stated objectives, but data derived from this

17
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experiment can have value in helping to establis! human engi-
neering design guidelines for future space hardweqgg and main-
tenance activities, and provide information on th€ influence
of environment on human motor sensory performance.

-
Modification ofstimulation by Modificafion of reactions by )
reactions of exteroceptive sense stimulation of proprioceptive
organs _ ) system

P
t» Exploration ——1

: - with fingers 5
. .

N
——Intramuscular -I
stimulation :

|
'
i
1 ~Tendon and joint —!
!
i
'

'
|
|
L» Savoring and sniffing :
with mouth and nose ) stimulation
' -
j
Stimulation at [ - — - - - 31 Motor reactions,
. the exteroceptive of limbs and
sense organs ':; - - -~ ¥ body
|
] ) .
1 ! . ‘
-» Cocking head or 1 ' ‘> Tactile stimulation 3
| pricking up ears : . : \
| , . ¢ | L N A -
= Focusing, fixating, : X Inner ear stimulation !
| converging, and ] l . . !
L uruingwitheyes 4 LD CCVsalstimudation 3

Note: The fvedback loops for exploring and enhancing external
simulation and those for controlling motor responseg ar¢ shown. The

-darhed lines represent neural actions and the solid lines represent

physical actions?\

 Figure 2-1 Feedback Lecops of Stimulus-Respoqse Diagram

Events in the Exteroceptive Actions on the
environment stimuli _ environment

-
.

Pressuresat | .. . =
the skin | Stimulation at

o] the exteroceptive
sense organs’

- Forces moving
the body from
place to place
(locomotion)

Chemicals e

at nose and R
mouth —G Forces moving
Sound at objects from

‘place to place

the ears Motor reactions
of the limbs And - .
. Light at body _Manipulation
the eyes (tools and-so on)

Motor responses

Note:- It should be noted that stimuli produced by exploratory
responses of the sense organs and gross motor responses of the
musculature are not included. Therefore, Figure 2-1 should be
superimposed on this diagram,

Figure 2-2 The Classical Stimulus-Response Diagram, Z
Mlustrating the Human Motor Sensesy. Segmen
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SCIENTIFIC OBJECTIVES

"A standard eye-hand coordination test apparatus, developed
" by the Human Performance Group of the Department of

Industrial Engineering at the University of Michigan, has been
modified for use on Skylab in an experiment pfoposed by a
high school sttident in the Skylab Student Project. This ex-
periment will attempt to determine the effect of weightless-
ness on motor sensory performance. The method of measui-
ing motor sensory performance used requires the test subject
to follow a standardized test maze with a 119-hole aiming

‘pattern. In this test, the time required to complete the gntire
test and the elapsed-time-between mﬂmdual hole contacts .

are measured. . -

Data from experiment orbital performances will be compared
with data obtained from preflightt and postflight tests per-
formed by the same test subject using identical equipmgent in
order to determine-any changes.'in motor sensory perfor-
mance. An additional factor, in comparison of the orbital
data with preflight and postflight data, will be the correlation
of these data with extensive data compiled from use of this
standardized test dpparatus of ‘many subJects from varied
disciplines. . : y

The objective of this experiment is to obtain data on motor
sensary performance involving fine, manipulative tasks that
can be used in plannlng, training, and equipment develop-
ment for future manned space, mif8ions. Thls data includes

quantitative mformatmn -on the difficulty encountered in the

performance of such ‘tasks under welghtless’condltlons over
an extended perlod of time. by .

v

EQUIPMENT ' "

To measure motor sensory performance, a pencil type stylus
is inserted into 119 holes of 3.175-mm (1/8-in.) diameter in
the sequeace indic on the maze (Figure 2-3). The impact
of tlie stylus on the-ifolated backplate will be picked up by:
an accelerometer mounted on the backplate and recorded on
telemetry ‘tape recorders. Total time to complete the maze
(and hole-to-hole ela’psed times). wrll be available following
ground reduction of the telemetry data that will include

"standard timing signals. x

CREW ACTIVITIES |

This experiment requires manual operation by the same as

tronaut twice during the, mission. The first performance
should be early in the mission, and the second performance

as late as possible in the mission; and both should be con-
ducted at’approximately the same time of day following simi-
lar activities by the astronaut. During each performance, the
astronaut will run through the maze twice, with each test-run
taking approximately two minutes. N

. 1
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Web
Formation

BACKGRQUND

W‘. |

Figure 2-3 Standard Test Maze

It is desirable that the astronaut be trained in the use of the
test apparatus’ to his own highest proficiency level before the
mission. Progress in training will be determined by the de-
crease in variability of a set of runs. Training will terminate

.when the performance time is minimal, or constant. The final

level of proficiency data in_ the skill maintenance training

phase will be used as baseline data to evaluate 1nﬂ1ght perfor-

mance. .
. ‘ AN

-

. The impacts, of the stylus, as sensed by an accﬂerometé'r, are

converted by the experiment electronics into signhals that are
comnpatible with the Skylab telemetry system. The datd are
sampled at a rate of 320 samples per second. Astronaut voice
comments and stylus clicks are recorded through the Skylab

- yoice intercom channel Vo ’

P

This expenmen proposed by a hlgh school student in the
Skylab Student Prg]ect will investigate the effect of a
weightless environment upon the formyion of spider webs.

Gravity is used on web construction because the spider, after
attaching a web to one point, will fall to another point gener-
ating a segment of web along the length-of thetfall. The
spider continues’ the web construction by interconnecting
threads in an organized manner. To orient itself,in space, a

spider has organs in its joints which ar® sensitive to pressure.

These organs report stresses due to gravity. It is not known

how the spider will perform the essential orientation task .

when deprived- of this sense of position. Perhaps a web can-
not be formed.

-



Web

Formation
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Spider webs *have™ previously been studied while the subject*’»

spider has been {inder the influence of drugs during éhe weav-
ing operation. Scientists attempt to associate the system af-
fected and the nature of the effect by studying these de-
fermed ‘structures. For example, spiders under the influence
of caffein have been observell to construct erratic and hap-
hazare® webs, indicating perhaps a state of hyperactivity. o

—SCIENTIFIC OBJECTIVES ‘ '

AN
. . -
The objective of this experiment is to observe the web forma-

tion of the Common Cross spider ((Araneus Diadematus) _

when constructed in a weightless Skylab environment. The
resulting web, if any, will be compared to"that formed by the
same spider in th& Earth’s gravitational field to determine any
variations in construction details. The purpose of'the experi-
ment is to determine whether the spjder can function nor-
mally when deprived of its sense of gravity. Perhaps other.
senses (such as sight, touch, and taste) could compensate for
this loss. Should the web show an eccentricity, it may be
inferred that the spider was disoriented; and it. may provide
clues as to how other insect-like animals wculd react to a
weightless environment. Experiments in later programs with
more advanced animals in the sAme environmént may contri-
bute to scientists’ understanding of how reason and abstract

" thought may offset disturbing external influences on behav-

c

10r.
EQUIPMENTP

‘The web building process will be observed and recorded using
a 16mm motion picture camera. Motion pictures will exhibit
actual construction methdds and-any difficulties encountered
during the building of a web. The 16mm data acqyisition
camera, operating at 6 *frames per second, will photégraph
the web formation pfocess. The camera and camera lighting is
‘triggered by, an automatic camera actuator. that detects the
spider’s motion. A timer then shuts off the camera and lights

until the next motion is detected. The portable lights which .

are secured to the experiment enclosure provide lighting to
facili}ate photographing the web (Figure 2-4). '

Glass

Enclosure Light

Water .

Spider/Fly
Vial

e

r~
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Influence of
Bddy Orienta-
tion on Perfor-
mance of
Tasks

*The experiment enclosure is launched in the orbitai work-
shop (OWS) and is deployed by the astronauts to a suitable
location in the OWS-for operation. This location will be in an
area of reMitively high g_lmbieh't light, but one where the light-
ing is reduced during crew sleep cycles so that the normal
day-night enyirpnment is maintained. Temperature and pres-
sure meﬁ‘sur;znts of the OWS ambient environment in the
vicinily of the experiment enclosure are required for postmis-

will attach a' splder/fly vial and a water vial to ‘the deployed
.experiment enclosure in the OWS within seven days after the
spider was inserted in the vial. A spare spider/fly vial is avail-
able as a backup test subject for.contingency purposes.

To obtain high resolution photographs, the astronauts will
photograph the wgb formations with a still camera. These
still photographs will establish references and structural de-

" tails ‘of the webs when construction has been completed.

CREW ACTIVITIES

The crew will unstow and deploy the experiment equlpment
tiach and load the cameras, attach the portable lights and
wer and control cables as required by experiment prepara-

tion procedures. Crewmen will make casual observations of

the experiment during the mission, to determine if @ web has
been completed, and will obtain 35mm-photographs of any
completed web formations present, as well as make voice

* records of any comments concerning the experiment.

CLASSROOM DEMONSTRATIONS )

While sitting .at a table, have subject construct a tower with
some numbered building blocks like the one shown. With full
use of -his hands, he should build the structure while looking
at its reflection in a mirror. He should proceed with this
activity several times until he believes he is proficient in
building the structure quickly and accurately. Each repeated
activity should be timed.

‘Then have subject lie face dowr on a table with his arms and
head hanging over one end. Have him duplicate the previous
structure reflected in a mirror on the floor and record time
until he can-build it as fast as he did while sitting. The blocks

hould face the same direction in the assembled structure and
should be scattered at random (but within reach) g_) disassem-

bly.

The *capclusion to be reached is tha.. in learrung a task, the
.orientation of the body with respect to the dn;ectlon of gravi-
tationa! forces is a factor in the time required to perform the
task. e 4 .

..

Blocks ~



Analysis of
Common
v Activities

Obstruction

Mirror ’,

- ~
Blocks ~ L N
\ . \ . \
Boc-li Orientation Ettecu on Performance
<

Have the, students analyze the performance of a number of

commgu activities such as— .

1) tightening and looseningg bolt; .,

2) opening and closing a door and trunk lid of a car;

3) pl/aying a musical instrument (piano, guitar) and a game,

(tennis, pool).

While performmg and observing the selected tasks, the stu-
.dents should 1dent1fy The—

1) purpose; /

2) mode of perforniance;

3) performance requiremenis;

4) magnitude and direction of forces involved;
5) reactions inteinal and external \to the syst,em,

A) what external environmental forces are neccssary (such as
gravity . ‘

7) what compensations must be made for the absence of
these forces

Have the students conduct a practical demonstration using

“the following procedure .

23 .



Construct a structure similar to that shown in the sketch.
Place a turntable on the floor directly beneath the structure.
With ne other means of support within reach, the student .
stands on the frictionless tiwntable and ‘tightens or loosens
/ the nut and bolt in the structure directly over his head. '
Have the students analyze the activity and develop concepts
to accomplish the task, except for elimination of the friction.
r less turntable.

Wrench
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- Living in Space
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'Eating

Drinking

~ CREW QUARTERS/HABITABILITY

BACKGROUND

In any structufe that must accommodate the living needs of
people for long periods of time, the design objective .s
concerned with satisfying the,human activities- of eating,
sleeping, working, relaxing, moving about, and maintaining
personal hygiene. The hardware facilities provided for these
activities inclugle eating and food preparation spaces,
passageways, bath and toilet facilities, sleep’stations, work
areas, recreational areas, air conditioning devices,
communication systems, lighting equipment, and all of the
detailed fixtures-within these areas which in some manner
interface with personnel usnn&the structure.

In a ground-based structure. such as a house, the design of
living accommodations are relatively -straightforward. The
designs are based on years of experience and although ther:
are some objections to the efficiency of some of these
devices, they are fairly functional and relatively safe. In the
Skylab there is a particularly different situation in that the
habitational equipment must accommodate the astronauts
for long periods of weightlessness, dnd there 1s llmlted past

» experience for habitational design. .

~ .

“In order to design facilities to accommodate the Skylab crew,

the designer made calculations and assumptions on the
capability and limitations of the astronaut performing tasks
in a weightless environment. The designer knew that if an
astronaut were to perform the simple task of eating, for
exan{ple, it would be necessary to ensure that the crewman
maintained a particular orientation with respect to the table
and- his-tray of food. In a weightless environment, a simple
chair woulgd not work because, being weightless, the
crewmian’s Hody would tend to float about, making the task
of eating somewhat difficult. Because of this, designers
considered provisions for restraimng the astronaut’s position
without relying on weight, and restrammg dev1ces were
provided at the tables for this purpose.

On Earth, soup arid other drinkable liquids are held in a
convenient container by -gravitational forces. In the
weightless environment, liquids form into spheres and tend to
wet all sides of an open container making it difficult to
control. The designer, understanding the physical problems
associated with hqulds in space, has provided an enclosed
flexible container for hqulds The astronaut, by placing his
mouth over an orifice, or a nipple, in the container can drink
by applymg pressure on the container, forcing liquid out.

All of the various habitatibnal facilities and devices will be )

evaluated with respect to all of the activities i which an

-

a

Habitability—the ability of a fa-
cility to accommodate the living

requirements of personnel.

S
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5
astronaut can become involved. The following list is a

summary of the elements of habxtablhty -features that wnll be
evaluated: .

environment,
architecture,

mobility and restraints,
, :

houskeeping,
A

-
communications, -

. personal hygiene,

food and w.ater,

‘

garments and personal accouterments, and
off-duty activities. .,
The astronauts are expected to gather data on the

habitational designs in a manner which can be most readily
used by designers, i.e., a critical evaluation that is specific and

in engineering terms. Enough .objective - background data

should be assembled by the astronaut to provide a good basis .
fg@ his evaluation. Photographs showing the activities of
ating, sleeping, washing, and working will illustrate the
weightless orientation of the astronaut with respect to the
habitational hardware. Moving Jpictures will illustrate the
maneuverability of the astronauts through the passagewhys
and in and around equipment, and thelr capability to handle

,portable -items. Melsurements .of habitational parameters

such as temperature, humidity, distances, light levels, and
noise levels will provide basic data for the analysis requued in
desngn .

Subjective evaluations are required also. A subjective

~evaluation will provide a description of a problem to which

there may not be an immediate or apparent solution. Any.
kind of remarks reflecting the feelings of an’ astronaut
concermming the function of a piece of equipment or an
activity may be important information. A comment such
as—*1 keep- bumping into the box behind me at this work
station”’—will prompt the designer to look at the arrangement
and determine what is actually causing the problem. It may
be that more room is required for that activitity or that the
astronaut’s restraints are too loose or it may be that
additional restraints are required." .
The evaluation data are to be obtained at early, mid, and late
periods on each of the three Skylab missions to allow for
identification of changes in preference and ways of
performing activitiess as a function of time spent in a,
weightless environment.

Subjective Evaluation—an evalu

ation of a condition made by an

individual based on his feelipgs.

L4
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Individual
Crewman
Sybjective
Data

Film
Records
\

-

v . 3

of the Skylab orbital assembfy in engineering terms useful to
“the design of future spacecraft
-~

The facilities that will be evaluated include all of the 'spaces

and devices which the crew will use in day. to day activities of '

eating, sleeping, workmg, relaxmg, and maintaining personal
hygiene. : . -

Figures 3-1 .through 3-6 identity thellocation' and

the astronauts.

configuration of some of the habitational facilities used g\

7\.\ Orbiting
' ‘Skylab
vehicl?

Workshop‘

“-— Multiple docking adapter
Figure 3-1 Breakout of Skylab Habitability Modules

PERFORMANCE -

4 ‘ v
Subjective comments will be scheduled periodically through
the mission but may also be- voice-recorded during
nonscheduled penod; at the crewman’s" disctetion..In the
absence of other crewmen, he .will record- subjective data
using evaluation forms as a guide for comments.

-

Film records are required of selected crew activities to
provide data relevant.to the habitability elements of dining,
sleeping, housekeeping, and moving about the vehicle.
Representative examples of the activities to be filmed are—

1) consuming a mealf
2) ingressing and egressing the sleep restraint;

3) donning and doffing clothing;

4) performing personal hygiene tasks; - \

5) performing various houskeeping chores.

.

27

o



. ' . \;‘ ] . ~ N
Environmental Environmental measurements will be obtained at the Environmeq.taf?araheters_-—

Measurements crewmen'’s discretion to supplement their own subjective — air temperature
] impressions of the adequacy of the_onboard enwronmental ; ~humidity , * ~
ameters ' — light leveis
par R ) . —noise levels
N — smells
Debriefing nodncally througho\xt eacy mission the astropauts will R
Questionnaire | discuss habitability. evaluations in a group session.
Representative questions from a questnonnaxre form provided: Y

to prompt discussion are— D !
. 2 . _ R <.
. 1) What particular aspects of Skylab seem .well designed and
: . arranged for living and working in 'a weightless - :

M

environment? What aspects are deficient, and how? °
N PRk . e A

’ _ ( “
\ ) 2) Which is preferable, the floor ceiling orientation of the .
e workskop, ‘or the open cylindrical arrangement, of the < »
Multiple Pocking Adapter? How do the®tasks being :
performed influence your preference of orientation? ¢
‘3) How 'adequate are the restraints and mobnhty mds
throughout Skylab" A:e’n'fore needed? - - . _
. X A : ) _ .
L4 . r T . . .
. SUBJECTIVE EVALUATION GUIDE 1 o .
\ |ANsTRUGTIONS SR

wl ’ i
Evaluate and voice-record the overall aa’equacy of the equipment
itbms. Descriptive comments are encouraged, especially foncerning:

' ~ ‘, | 1) functional perform;nce; ‘ \
C- 2) 2onvenience of use locati?)n'.and ouie;hfation; .
3) comfort and ease of use. - y d
\ . .
RATING DEFINITION - :
Excellent _ Improvements are ndt needed ‘and would only be a
matter of personal preference ¥
- Very good Minor ' lmprovemenu are/ possible but not really .
. necessa
. Adeq:ate Some shortcomings found and a few lmprovements

are desirable ‘ L

Poor . ’N‘umerous shortcomings found and’ improvements : /
* pre necessary . -

Unacceptable Gross shortcomirigs found and ‘improvements are
v mandatory ‘ vE

DATA . ‘ )

Voice récordings of the astronauts’ subjectnve comments as
. ‘ well as photographs, motion picture film, and measurement
. : data will be returned after each flight mission. The data will -
be compiled in a report for use by desngners of future -
manned spacecraft. .




Shower
(Figure 3-5)
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CLASSROOM ACTIVITIES | o

Have the students conduct analyses of various architectural
features of the school or home. Candidate features include
classrooms, hallways, bathrooms, kitchens, arrangement of
the total structure, etc.

The students should identify the fundamental purpose of the
ftature and the necessary requirements for achieving the .
purpose. Evaluation parameters would include (1)
arrangement: Is the purpose adequately supported?; (2)
~ lighting: Can the putpose be fulfilled safely?; (3) acoustics; .
(4) esthetics: To what extent do the esthetiés enhance or
. s impair achievement of purpose?; (5) hygiene: Does the design
- facilitate maintaining the appropriate level of cleanliness?; -
. etc. ’

’

Then ask the students to redesign the particular feature they
had analyzed. A redesign can consist of a simple sketch of the
‘physical arrangement of the building, furniture or fixtures, or
a sketch of redesigned furniture, bathroom fixture, or decor.

. .

INFLIGHT AEROSOL ANALYSIS °

BACKGROUND L . N
The concentrations of dust-like particles in-the air is one of
the environmental considerations in Skylab. *Before the
Skylab was launched, medsures were taken to ensure that the
air and all equipment on board were free from dirt. However,

as the crews live and work inside the Skylab, there is a

Lint " possibility that small particles could be generated. Lint from
"Generated in clthe‘s, particles from the crewiman’s body. and bits of
Skylab material from the equipment used, are all sources of matter

that could: be generated and suspended in the Skylab’s
atmosphere. These particles, of course, will float freely in the
weightless environment, being subject only to the circulating
air currents within the vehicle. -

Large sized particles and liquids will be trapped in the air
filter system, but the fine particles (up to 100~ microns in
diameter) will continue to circulate throughout the living
quarters. T .

The concern with the aerosols (fine suspended particles) is
' that if enough is generated, it will become objectionable or
even injurious to the crewmembers.

I This exberiment will analyze the air to determine the a,mount
of aerosols in the Skylab, the size of the particles, the Aerosol—a gaseous suspension of
"buildup over a period of days, and the variations in fine particles
concentration that may exist from one location to another.

Méasurements will be made in several specific locatigns
within Skylab and up to 20 measurements will be made at




,. S ] g

the crewmen’s discretion. The data collected will help in
assessing the generation, circulation, distribution, and
filtering of particles in weightlessness and the olosed
environment of the spdcecraft. The conclusions drawn from

2 this data could lead to changes in rpacecraft design and better
spacecraft housekeeping procedurcs. .
OBJECTIVES '

The .“objectives of this experiment are to measure the
concentration and size distribution of aerosol particles
suspended in the air in the Skylab spacecraft. Specifically,
the data from this experiment will be used to assess the:

- NUIRER

1) generation of particulate matter by crewmembers and
spacecraft components.

2) effectiveness of air distribution, circulation, and filtering. .

3) eifect »f weightlessness on the .bt"lil'd-up and distribution
* of these particles.

4) tolerable levels of this aerosol matter inside a spacecraft.

, ) /

EQUIPMENT

A portable, self-contained aerosol analyzer, will detect

Sampling the particle ‘sizes from 1 to 100 microns and count particles ol

Aerosol various sizes. The aerosol analyzer will collect and count
S particles in the Skylab atmosphere. )

viave
cveLn

\® .

Air will be pumped into the analyzer and the particles in the :
. air will be counted and classified as to size range. The inlet to  Aerosal Anslyzer

the optical system is screened with.a 100-micron screen to

remove particles 100 microns or greater.

PROCEDURE

-

o Samples will be taken every 10 days at the followmg
. locations:
Y command module,
forward dome,
experiment comp;rtment,
forward compartment, o 3
wardroom,

waste management compartment.

L 4
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The astronaut will operate the analyzer at each location.
After 70 seconds, & count will be displayed for channel 1 (1
to 3 microns particle size). The operator records this on the
_ card on the front of the analyzer. Eight seconds later, the
reading for channel 2 (3 to 9 microns particle size) will be
displayed and the data are recorded. Finally, after another 8
seconds, the reading for channel 3 is displayed and the data
recorded. .

DATA

The cards on the face of the analyzer and the filter impact
unit will be returned at the end of each mission. The particles
retained on each section of the impact unit (one section per
sample location) together with the recorded count will serve
as the basic data used for the design of future manned
spacecraft. \

o)
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_ GLOSSARY
Aerosol
Anthropometry
Biotechnology
Bit

Dexterity
Doffing
Donnin’g

Ergometer

Exteroceptive

Food Bale

Human Factors
Locomotion
Motor
Musculature

Neural

Neutral Bouyancy

-

Neutral Bm;ynncy Simulator

-

Nonintrusive
Proprioceptive’ l
Tactile -
Translation

vDC

\‘\Human engineering

Fine suspended particles

Measurement of the human body

s

Descrete selection of one out of two alternative choices

* Skill'in using the hands or body

Act of ramoving wearing apparel or other apparatus

"Act of putting on wearing apparel

A bicycle erggmeter is used by the astronauts for exercise. It
is operated like a bicycle without wheels; the load being
supplied by a mechanical resistance. The energy required to

_ operate the devick is measured.

Sensitive to stimuli originating outside the body.

Term used to describe a container of several small food
packages

Human engineering

Act of moving from place to place

Pertainirig to muscle movement

Muscular system qf the body or its parts

Pertaining to the body ’s nerves

Overall density of an object which is almost equal to that of
water. A tendency to remain stationary when submerged“ht

depths under the water.

Objects in space, being weightless, behave a little like neutral

"buoyancy objects in water. Astronauts train by moving the

objects simulating activities of weightlessness.

Manner of obsgrving a subjecg without disturbing his activity
Sensitive to stimuli produced within the body

Perceiving by the sense of touch

The act of mbving from one point to another

An abbreviation for volts, direct current

37



APPENDIX B

. . SELECTED BIBLIOGRAPHY

- i




.
é

" SELECTED BIBLIOGRAPHY -

1. Manned Spacecraft: Engineering Design & Op.eration. Edited B& Pau] E. Purser, Maxime
A. Faget and Norman F. Smith, 1964, Fairchild Publigations, New York, N.Y.

2, Human Facto[rs Engmeermg Ernest J. McCormick, 3rd Edifion, 1970 McGraw-Hlll
New York N.Y.

3. Motion and Time Study. Ralph E. Barnes, 4th Edntlon 1958, John Wiley & Sons, Inc.,
New York N.Y. . .

1

@« U, 8, GOVERNMENT PRINTING OFFICE : 1973 728-901/97%




