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:i This report contai: s preliminary information pertaining tc a
Ihree jatronaut Space System Experimental Laboratory, ‘TASSEL';‘

Space laboratory Tassel would utilize the boost capability of
Atlas/Centaur. 1lts purpose is primarily fur conducting basic research
in the biomedical and equipment evaluation sciences, 1lts early
avallability wouid enable it to fill the gap betweer the Mercury
capsule experiments and the permanent space station. Beyond this
period its usefulness would be limited to special short term ressarch
proJecta.'}Thia raport is prepared under funds awarded by REA #1li-9135
titled, * ced Space System Study®. Enclceed are vehicle design

paramssters, capgbilities and operations.
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INTRODUCTION

The era between the Mercury experiments and the permanent space
station must be planned for a continuing program of manned orbital
research, This will be necessary for the broadening of our space
technologies and insuring economical optimum designs of future manned
spafecraft,

The Mercury experiments will provide considerable information
about man's ability to perform in a weightless environment, the
functioning of his equipment and orbital control techniques. But
due to limited payloads, these experiments will be confined only
to a small portion of what is needed. For instance, time duration
at sero or reduced gravity appears to be an important psycholégical
and physiological parameter. One-cay orbital flights with the present
Mercury capsule will tell little sbout what man will be able to
do over extended periods aloft or his physiological condition for
re-entry after prolonged periods at sero or reduced gravity. They
will tell little if anything about psychological or sociological
effects upon individuals undergoing prolonged confinement in space.

Some of these questions can be resolved in space simulators
on earth, but as these devices are not capable of complete simulation,
most experiments must be made in real space environment. It is

apparent, therefore, that a space laboratory must be available for

This document contains information sflecting the nationsl defense of the United States within the meaning of the Espionage Laws, Title 18,
USC, Sections 793 and 794. The transmission or the revelation of its contents in any manner to en unauthorized person is prohibited by law.
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basic research by the time the Mercury's ysefulness declines,

The space laboratory would have to be a flexible system, simply
designed and utilising existing technologies and hardware in order
to be available in the early sixties.

The space laboratory Tassel (Jhree jstronaut Space System
Experimental Laboratory) presented in this report provides an ideally
suited system for performing the missions required of an early
space laboratory. It is shown in the frontispiece in a 200 n., mi.
orbit with its three-astronaut re-entry capsule attached. This
laboratory would be capable of simulating any desirable level of
gravitational environment, Figure 1 shows the ascent of Tassel
utilising the launch booster, Atlas-Centaur. Injection into orbdit
is accomplished by the Centaur stage after Atlas burnout. In orbit
the depleted Centaur stage serves as a counter mass for the laboratory,
thus creating artificial gravity as the cable-connected two-body
system rotates about its common center of mass.

Tassel possesses certain unique advantages that permit it to
become operational early in the history of manned space flight., No
technological breakthroughs are required before it can perform a
successful mission, For example, it does not require solution to
the rendesvous problem as its cabin, cargo, earth return vehicle and
the astronsuts are delivered into orbit in one package. The orbit

may be any one of & number requiring only relatively cruie guidance

This docement contains information sffecting the astionsl defense of the United States within the meaning of the Espionage Laws, Title 18,
USC. Sectios 793 and 794 The transmission or the revelation of its contents in any menner te an unsuthorized person s prohibited by law.
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for injection, Although Tesael is limited to short-term eaperiments
of tw or three weeks, moat of the fundamental problems of zan imc

space can be resoclved during this duraticn. The apace laboratory

]
Y
R
1

1

is a muet for the economical development of all advanced manned
spacecraft,

After certain technelogical breakthroughs are gained end large-
scele undertakings in space begin, the permanent space station will
be needed to traln crews for long interplanetary expediticuns, make
long~-term evaluations of space travei equipment and provide a platfora
for estronomical study, weather reconnaissance; orbital assembly,
medical reseerch, eta,

In addition to orvital resesrch, Tassel can be used for sémulating

space flight conditions, For example, a manned lunar mission may

i,

bs performed in the following manner: After the systea is in orbit,
torque forces are not applied, The asyatem ther simulates the free
fall condition during the approximates 2-1/2 dey trip te the moen,

At the completion of the 2-1/2 days, torque forces are applied with
sufficient thrust to obtain 1/6 g gravity environment, the same !
magnigide us encountered on the moon, This roletion can be main- !
tained as long as the hypotetical lunar landing party is on the
surface of the moor  Rotaticnp will then be stopped in order to
simulate the free fall condition of the return trip.

The descent to sarth would be nade in ths re-sntry cepsule

This document contains informaiion sfiecting the metwngl Cotunee of the Usited Ststes within the mesnmg of ce Jxpeonags Lews, Titla 18,
UK. Sochons 793 and 794. The Usnsmission or the revelstion of ity contents in sny MeAnsr B8R wisutNOriT0€ Porson 1s prohibiled dy law.
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utilised in this system, Thus a complete manned lunar landing miesion
could be simulated without the vehicle leaving terrestirial space
where extensive telemetry data could be accumulated on human reaction
and with minimun danger.

Tassel 1s a stepping stone in the series o events leading to
manned space flight and 18 a logical progression of accomplishmenta
toward the spacs scisnce program. Tassel would be followed by
permanent space statione, such as the OQutpost esriesz proposed by
K. A. Ehricke, having several men aboard with indefinite staytimss,
ther by lunar landing programs building up to interplanetery flight

cepabilities,

Thin dncument contsins wiormalion sffacting the netrensl dafenes of the United States withen the mesaing of %he Expionage Lows, Titie 18,
USC, Sections 793 enG 794 The renamission or the revelsbion of its contants ia any Manner te an UnButidsized person s prohdited by lew.
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FIG. 1 ASCENT OF TASSEL USING ATLAS/CENTAUR
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TABLE 1
Jhssel FPrincipal Dets
Operational
Booster Systea
Entry Vehicle
Crew
Duration

Orbital Weight
Gravity Level
Orbital Altitude

L Over-all Length
Over-all Diameter
Total lnternal Volume

Coriolis Acceleration (3 ft/sec. Rad. Motion
2 rpa = 500' cable

Circuaferential Velocity (2 rpm = 500' cable
Pover Requirement (0, or Hy Fuel Cell)

Exterior Radieting Surface Areas

Outer Shel) Total
(56% of area is adjacent to inner cabin capsule)

Surfacé Area of Cabin Bulkheads
Surface Area of Earth Retura Vehicle
Surface Area of Air Lock

Surface Area of External Radiators

(This area is part of outer shell and can be
doubled if necessary)

1963
Atlas/Centaur
Tasc

3

1 to 3 weeks
~ 4% tons

0 to 1g (1/6 g normal)
200 n, mi,

28 ft,

10 ft.

1,200 cu. ft.

0.04 g

27 fps
~ 500 Kwh

630 0q. ft.

110 8q. ft.
160 sq. ft.
40 8q. ft.
50 sq. ft.
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SUMMARY

This report presents & preliminary concept of & minimum-sise Z
space laboratory which could be operational in the early sixtiass.
The primary purpose of the laboratory is to ecerve as an experi-
mental pletform for establishing basic requirements and verifying
baric hypotehses relating to the science of manned space flight,
The primary missions of the space laboratory &re:
8., To put men into space for extended pericds and leatrn their
physical reactions and to determine what they are capable of
doing.
\ b, To determine whether artificial gravity must he provided
to perait proper functioning of equipaent and for the orientation
and general well-being of the astrcnsuts, i.e,, to rotate or
not.
c. To conduct laboratory experiments of a plychological and
sociolugical nature in the confined environment of space.
d. To provide a platform for designing and testing apparatus
and eQuipment for advanced space vehiclss.
o. To conduct laboratory experiments of a biological nature
by varying the satmospheric pressure, teamperature and humidity
cduring reduced or sero gravity conditions.
f. To select and cobfition crews for space station and
early space expeditions,

T docement containg infermatian sifecting the nationsi defenss of the Un:ted States within the mesning of the Espionags Laws. Titie 18,
USC. Sactions M3 and 754 The trunamission or Uw reveistion of its contents in sny manner to - TROF 1200 POTeBn (3 prohiited by law.
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g+ To make real timw obaervations and scientific measureasnts

of earth and local space and possibly observations of deep apace.

h, Tp provide a platform for develoying and perfepting orbital

rendaswne and spsce rescue techniques.

Barly laboratory missions are planned as inclined orbits about
the equator. Some later orbits could possibly be polar., (Radia.ion
becomes an important factor Af the orbit is above 30° latitude.;

The following items list the merite of the temporary space
laboratory, Tassel, for early space research, phasing it between the
Mercury progranm and the permanent space station,

( 8, Tassel would allov early space laboratery development because
. it is based on existing hardware, hardware under development, and
bardware wvhich can be ocbtained quiokly with existing technology.
The majority of the dollars cpent, therefore, would go dirsctly
inte hardware,

b Insteed of spending & large portion oi developmenrt effort
gsolving the orbital rendesvous tschuique to a workable degres
before manned orbital resesrch can begin, it appsars more
ecopomical costwise and timewise to develop the two as separate
programs rather than hcld up one because of need for the other,
Tassel has po need for rendssvous, but amcng other things can
serve as a platform for its technical development,

o, Tassel does not require precise launchings into predeteramined

{ orbits or gust it be located in an orbit to allow repeated

This document containg information sffecting the Astiew.s defense ¢ the United States within the mesning 5 the Eapionage Laws, Titte 18,
USC, Sectiang 799 and 794. The ramamiosion o The rovelstion of its contents 1a any Manner 19 en WRSSTIONIBG Person 13 prohinied by Lew.
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accessinhility from & fixed leunching site. The same launohing
site and commvnication network set up for the Mercury prograa
could serve for Tassel, therefore no new equatorial launching
sites or communication stetions would have to be éonstructed,

A far less expensive program thue would be provided at a much
sarlier date.

d, Not all missions can be satiefied with one permenent ordit,
Tassel can make successive orbital flights &t different altitudes
and inclinations, If Tassel is programed for a particular orbit
and fails, it 1s more than likely thst whatever its orbit,
provided it is not dapgerous, will be suitable for use, Thips

is in conirast to a rendesvous flight wherein a miss is a
complete loss.

s. The €ost of an expendable vehicle such as Tassel is perhsps
a4 bit more expsnsive than a persanent speco station when counsidered
over a lony period of operaticn provided very few rendesvous
misces are encountered and the launching sites are not inoluded
in the cost. Mieses ere a hard item to appralss but could well
mean il .t Tassel experiments are far less exponsive in over-all
opsration,

f. One of the important purposes of the space laboratory is

to serve as a piatforn to develop and optimise equipaent for
advanced space vehicles. Subsequent firings of Tassel could carry

into orbit new advanced designe to be evaluated, Thess could be

This gacument containg information stiecting the netiansl dufenee of the Uniled States withen the mesning of the Eapionage Laws, Trtle 18,
USC, Sactions 793 and 734 Tho Usnsmission of e revelation of 1ts contents in sry manner te gn URSUTIOrES Per30R i3 promiditet by lew.
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incorporated at the factory rathey than to atteapt salvage of
reworked equipment as would be nodGessary uboard a permansent space
station, Rewcrk of equipment aboard a psrmanent station would
appesr to be very restricted, time consuming, expensive and often
dangerous.

g- Tassel car be orbited at relatively low altitudes because
the residusl drag during its limited lifetime will not apprecisbly
deoay the orbit, The lower altitudes allow a greater payload

and a lighter-weight re-entiry venicle. In case of a stromg solar
flare where it ie mandatory to abandon ship, the lower altitude
pernits the astronauts to return homs more quickly than they
could from hijher orbits,

h. DBecause assel is experndable, no hesvy shielding againet
solar flares is necessary. The earth-return capsple is pert of
the cabin and is 4dp & very convenient position for quick bajilout
Al radiation becomes excessive. Thus the astronauts can juap

into the capsule and depart in a quicker time than the astronauts
of & permanent apace station can don their space sults and work
their way out of the airlock to their lifebosts.
i. 1t may bw necessary on return to earth before leuving a
space vehicle to provide a G-level of one or aore to conuition
the astronauts for their re-entry trip. Tassel, with iis ability

to change its G-level by merely shortening the connecting cahle,

is very adaptable to such a requirement,

Tius document comians ivormetron sttecting the astionsl drfenss of the Uried States within the meaning of the Eapienage Lows, Titie 18,
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J. Because Tassel creates itm artificlal gravity by rotating
two masses connected by cable, it is possible t- reduce the
rotational period and coriolis side effect to a low level and
lglll caintain suitable centrifugal acceleratiop by designing a
long cable into the system. The resulting low period reduces
the probtlem of the rotating communication antenna and that of
general orientaticn.

k. Since Tasmsel 18 & temporary space system, it ie free from
the expense of long-term orbital maintenance such as would be
required of a permaneni station, Once a permanent aystem is
opsrationai, it must be malntained whether high periority research
is being conducted or not, Thie could result in a rather
expensive overall cost.

The short-term pystem, Tassel, would be lsunched and operated
only when required by concentrated programs, This makes it
poesible to evolve a system step by step with redesign periode
between sach successive fiight, thus, building up to an ideal
space aystem, Other experin nts perticuiarly in the biomesdical
fields may require severs)l Tassel laboratories in space at one
time or there may be waiting pericds for reconstruction when none
will be in operation. Tasesl launchings would therefore by

nature be very flexibie,
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1. Tassel flights could easily be postponed if bad weather
persisted. To keep the permanent system operating these postpongs
ments would be somewhat limited because personnel and supplies
would have to get through to keep the station in continuous
operation. Therefore, a higher structural factor would have to

be designed into the structure of the permanent stations support

vehicles than into the structure of Tassel.

The system consists of an Atlas/Centaur missile with a payload
containing a "Mercury-type® capsule and orbital living quarters. The .
unique characteristic of this space laboratory is that it would be
fired into orbit as a unit, i.e. » the astronauts, their living quarters,
their supplies and return vehicle would be launched at the saze time,
This eliminates the complex problems and expense of rendezvous in space.

The space laboratory would house three astronauts with sufficient
provisions for several weeks staytime with acconmodation! for work,
eat, sleep, toilet ard exercise., These activities, generally, would be
performed under artificial gravity created by rotating a cable~-connected
two-body system about its common center of mass., The gravity level
may be varied by changing the laboratory's rotational velocity. This
may be accomplished by increasing or decreasing the cable length since
the law of conservation of momentum applies, Calculations show that
by adding a winch to the cable system the versatility feature of changing
gravity levels may be obtained at a relatively small cost to the

overall weight. This being compared to changes in angular velocity

mmmmmummamwmmnmuumun,nmu,
.u—mum.mm-umummn-,m--mumummnu
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* 1
\ of a fixed cable system with rocket impulse.

A .ong conpecting cable joining the two~body system provides suitable
gravity .evels at low rpm. The sccompaning side (coriolis) accelerations

are als; quits lov. For example, a 500 foot cable aystea rotating at

2 rpa provides atout 1/6 G vertical acceleration. At 3 ft/sec, radial

valocity, the resulting side accelsration is abcut 20% the vertical. On

the other hand, a shorter system with a 27 foot long cable at 2 rpa

the side acceleration is about 4 times the vertical.

The concept cf the space laboratory is so arrangsd that most

orbital experiments and operstions may bes carried on by a shirt sleeved
( crew, In cass of smergencies such as meteosrite psnetration, solar

flares or other, crevw members can sscape to their rs=-entry capsule ‘i

wvithout having to don space suite and pass through alr locks. This ';'*
; allows rapid departure which is an important safety precaution for crew
' survival,
Gsansrally speaking, lhe space laboratory operates in an orbit f

free froo any appreciable radistion except strong solar flares, At

times of high solar activity, no space laboratory will be orbited,

! 1f a flare should bs emnitted from the sun or ghadessive radiaiios U’
from other sources be encountered during flight, the astronauts will
bhave oufficiept waraning from their own raediation counters and frow the
earth otesrvations to bafl-out and return to earth before radiation

\ danage becomes serious, (It is belteved that a little over a balf-

‘ hour period would be permitted after a large flare ezits before a l

dangerous accusuleted rediation level is reached,)

)
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Although the system concept of Tassel is tesed oo the maxisum
payload *two=start® trajectory, i.e,, utilising an interrupted thrust
traosfer allipse, it may be more desirable from the viewpolnt of
existing guldence and tracking to place the laboratory imsediately
into orbit {“cne~start® trajectory), This lstter trajectory would
reducs the payload approximately 2,000 pounds wbiok would result in
decrsasing the crew sise, staytime or exparimental capabilities.
Growth Ceptaurs would allow more favorable trade-offs,

Three astroasuts is belisved & minimum crev for carrying out
full duration operations., For first flights with short orcvitael life
it may be desirable to opsrate & twoeman systsa, However, it appesrs
most economiocal to design for three and eliminate one from the flight
if the requivemsnt due to safety, paylosd limitation or other reasone
deen it necessary.

The activities end tasks assigned to the first msnned flights of
Tassel will probably be restricted to the normal operations of
establishing the laboratory in orbit, This will consist of phases
starting from launch to orbital infection, then orienting the aerth-
retwn capsule for cabin access, detaching the Centsur booster tank
and unreeling it to cabie's length, initiating rotation for artifigel
gravity, entering the space cubin and putting the stetion into operation,
After a short stay in orbit the aatronauts may return to their re-entry

capeule and leave for earth,

Tt documont cowiaing inkormation sitecting the astens! defenss of the United States witiin the mesning of the Eapionsge Laws. Titie 18
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Much would be learned from the first suocessful Tlight of Taseel,
both from the standpoint of wehicle operation snd from the standpoint
of the astronauts' sWility to perform in space, Conditicns will be
aa favorable as possible to achieve a successful aission. Succeeding
flights would then begin the planned experiments.
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Vp = 25,740 ft./sec.
/////_“ T = 490 seo0 after lesunch
/7\

100 n. mi,

Coast Phase
3/‘ hre,

Pigure 7

Trajectory of Tasael

i ]

4

Ordbis of
Tassel ]
Va = 25,033 ft./wec, !
Vo = 25,209 f£t./sec.
V= 176 £t./s00. :
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LiSCUBIION

The first frontispisce purtrays Tasasl in a 200 n, mi. orbit The
laboratory with its re-entry capsule is shown in the foreground. The
body on the opposite end of the cable is the dopleted Centaur tankage.
After Atlas burnout, the Centaur provides impulase for injecting the
Tassel 1ato orbit, The two bodies are rotating about their commou
center of mmss, which is slong the cable about a quartsr of the
distance to the Centaur, This rotation creates centrifugal gravity for
the citrbn‘utl coafort,

The second frontispiece is a cutaway of the space leboratory
stowing the three ascronauts and their cabin arrsngsaent,

The space cabin coneists of two floors., The mppee: floor ie the
\(ork ceqtter and laboratory area, and it also contains the galley,

The lower floor is the recrestion roor with sanitary facilities in
an adjoining room and life support equipment in another adjoining
rﬁo:l Below the lower floor in a convenient location for jettisoning
ie the re~entry vehicle Tasc (Jhres Astronaut Space Capsule). Tasc
is s sleeping facility during orbidglystay, and it is kept in
readipeas for earth return in cese of emargency.

The design of Tassel ie influenced by its relationship to the
Atlas-Centaur booster system, i.e., about 4§ tons, 10 ft, 4n

diamoter and relatively short in length, The complete launch

This dacument contping wiformation stfecting the netienel defense of the United Statas withen the mesning of the Expionage Lawx Titie |8,
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vehicle is abown in the artist's conception in Figure 1 anc as s
line drewing in Figure 2. The modified Atlas with a Cantaur

upper stage carries Tassel as its paylcad., The forward end of the
VAtlna oxidirer tank is oylindrical instead of conical as in the
ichm, ‘tlas/Ccntaur flight tank pressures are msintained at their
normal values; the tanks are pressure-stabilized so that the skin
materisl remains in tension for sll expected loads of amcent,

The overall height of the ascent vehicle is about 122 feet
with a 16.5 foot capsule escape pylon added, thus, giving a total
of about 138,5 feet. The elliptice: tulthead nf the cabin is
made flexible and is partially c<eflected to shorten the adapter
length tetween the cabin and the Centaur tank and to save on the
overall length of the vehicle. The shorter nissile allows a more
favorable condition when considering asrolastic bending moments
which are created during ascent,

For epergency, the re-entry capsule Tasc, housing the
astrooauts, is plsced on top of the launch vehicle. This sets.

the capsule in a position that allows split-second jettisoning

in case a malfunctioaing of the asoceut vehicle should occur,

Directly below Tasc 1s the space cahin, It is pressurized, but
uninhabited during launch. 1te internal pressure is only enough

to sustain structural loads during ascent and as the vehicle ascends,

the internal air is reduced, Thils will maintain a constant pressurs
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differential protecting the c¢abin walls from heving to te deasigned
to sccommodate excessive loade,
The ascent configuration with Tasc on top, the space cabdn
in between and the boosters below provides a functional profile
and places the upits in their proper order for orbital operations.
Since the Centaur arrives in orbit as en expended booster,
it is utilised by the spsce laboratory as a counter mass for creating
centrifugal acceleration, This is done by removing the Centaur
from the laboratory to cuble's length by an impulse obtained either
from springs or amall Jets, When the cable system is rotated, the
resulting accaleration acts ocutward froam the common center of mass.
Therefore, the cabin's top 3 so positioned that it faces in the
direction of the Centaur tenk, Thus, auring ascent, the cabin's
top woulc be facing the Centaur below, i.e., the cabin woula be
upside down with respect to the missila, This, however, is an
edvantage since 1i allows all equipxent underpinning to be designed
as light weight btension ties during high ascent C loads anc then

serve as normal below talle lsvel compression members during low

G orbital operations.

During ascent the capsule Tasc provides protection for the
astronauts. They lie in s euplne position resisting acceleration
loads thru their backs, The capsule being similar in wealign to |
the Mercury cepsule ls right side up with respect to the ascending

missile, but, upside down with respsct to the space cabin and the
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artific.sl gravity which will be produced by rotstion while im orbit.

Io order to make use of the capsuls as slesping quarters and provide
o428y acoess for emsrganay departurs and eliminate the need for strapping
persopnnel to the celling, the capsule must be iuverted after arrival

43 oruit,

This ie not considered a difficult maneuver for the first
astronsut i the Mercury capsuls will be rejuired to perfore= a
similar task in order to re-saler his capsule into the atmosphere,
Ppgw orvical arrivel Tasc will be orisnted with respect to the
oadbin ¢ i can be turned over and rejoinsd ir the folloving manner:
Wban Tas: is released fros the iabin in its gravity-free snvironsent,
it is povad slowly eway by compreesion springs., Two low-streng‘’
cables stiachlug the two bodies topether have snough slack wo
ellov a few feat departure, With coutrol jets, cutopilot end
manualevisual control aboard the capsules, it ia a simple iat.tu'
te 2lip Tasw over. Then by meens of iwo smel) vinches, ths capsule
ie pulled into the tepered femmle seat provided on the cabin, The
cepaule is than locked in place and pressure seals onergissd, (The
joipt may be laler caulked by bhand if leskege thru the seal beoonss
excensive,)

With the re-entry vekbicle Tesc located, the tunnel between
it and the cabin is ready for pressurisation, This tLe. may be

followad gpening the top dosr of Tase and the low: oOr of the

——— _—
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cabin and thus palning entry into the laboratory,

With this meneuver completed,the Centaur on the opposite end
of the cabin is released and slowly depertsd tc cables length.

A shock absorber is mounted on the cable to absorb the shock load
when this ocable becomes teut, The shock absorver programs the
rotation rockets on the veliicle which starts tha systexm rotating.
A Geleve)l of any desired magnitude can be obtseined through varia-
tions in angular velocity. For example, an acceleration of 1/6 G
may be obtained in the laboratory.by rotating the system with a
500 foct connecting cable at abcut 2 rpm. The gravitational
environsent may be easily adjusted to any desired level simply by
adjusting the cable length varying the rotational velocity of the
system, During this mapeuver, the astronauts vill probably be
iraide Iazc. After initiating rotation, the cabin can be entered
and the gpace laboratory put into operat.on.

¥oy Ihree A2Lronsuts’?

To anewer the guestion, there are of course several factors
that must be considered, First, curing the period of tha proposed
space laboratory, there will be only one rsliable booster systum
available tc accomplish the task, namely, the Atlap-Centaur, This
booster system has a fixed weight payload capacity for low altitude
orbits of about 4% tons, Figure 8 sbows that 43 tons (9C00 1lbs)
would allow a space laboratory to orbit 4 wen for a few days, 3

for about 3 weeks or 2 for nearly five weeks, Thersfore tue
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space laboratory 1s limited to a maximum of four. The second factor
is the minimum pumber of crew members required to perform intended
nmissions whicb include msanning the vehicle and perforaing sxperisents.
The ninioua pnumber of crew members to man & space laboratory
appears somewhat erbitrary, However, if certain safeguards are
obsarved along with normal operations, it points to a conclusion
that someons must be on duty at all times. Although every effort
will be made by designers %o develop & cabin systeaz capable of
automatically controlling its pre-sget terrestriel environment
thereby permitting the astronauta to sleep or conceantrate on the
axporiments required to accomplish the mission, it appeurs far too
risky ip thie new science to expect 100% reliability of the syateams.
Other tasks requiring continuous duty would be redioc comsunication,
surveillance of other crew members and smergeancy duty suich as
quick {ix for punctures or btreaks in the cabin capsule, immediate
repair in event of eleciric power failure or other such operating
equipmant, 1t is true the* television and telemeter commurication
with ground facilities might replace a aan on duty and slert the
crev if emargencies pravail, but, this would require a very costly
network of ground siationc which are not available or sxpected to
be available during the period of the space laboratory. Since
someons must be op duty at sll times, 1t seems in keeping with
asn's standard practice to be on duty 1/3 of the day allowing hia

2/3 of the remsining for sleep, recreation and performing laboratory
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tasks, (laboratory tasks would consist of experimental ventures
. oMR&dde the cabin, changing the gravity level in the cgbin and
determining its effect on the crewv and equipment, exyesrimenting
with animals, optimising future spacecraft hardware, ato,) Operstor's
duties plus experimental tasks appear to be a full program and
would keep an astronsut quite busy. With this arrengement, 3
astronauts would be a ninimum crev,.
There is snother aspsct to the laboratory's mission whioh is
an important parameter in determining man's requiremsnta for future
spacecraft designe and missions; it is that of eaubliohug a man's
psychologiosl and sociological adjustment o othera in the lsclated
closed system of the space cabin, 4 three-man eyetem would allow an
astropaut working contact with at least orne of the other two crew
meabers through most of his working periods. This is essential and
is poseible only with three or more crev members,
Although certein sociological peculiarities exisi in groups
of threes, such as two joining forces against the third, it sppears
that this condition ia not particulerly velid on & daily schedule
since usually only two will be associating st any one timm The
third will be off-duty reading or sleeping in bis isolated compartiment,
One of the space laborstory's main functions will be to determine
man's endursnce under extrems conditions of pressurs, temperature
and atmospheric content at reduced gravity. It is very possible
that one meaber will become quite ill when bis limit is reached

Thin decumaent contsing informetion sffecting the astional detenss of the United States within the mesning of the Expieaage Lows, Title 18,
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and be slov in recovery, Under such conditions, even a three-man
crev will be overburdened vith extra work,

It seems quite clear that a minisum of three would be required
for trips to the moon. The space laboratory would be mors useful
if it were able to train crews snd develop equipment for such a
mission,

From the foregoing discussion, it ies agpatent that s crew of
three or mors is pecessary to man the vehiole. Four would eut

the orbital staytime down to too short a duration,

The Crey

ln picking crev members, it would be rather unlikely that
fewer than three astronauts could ba found who were proficient enough
to pbysiocally and intelligently meet the requirements of a apace
laboratory.

3ince the space laboratory has many funstions, the astronauts
pot only will have to be sdaptable to space flight, but must aleo
be speoialists in particulsar fields to maintain the vehicle and
to accomplish a supcessful aission, It would be practically
impossihle to expect to find an astronaut candidate who vas a
*jack~of-all-trades.® He, of course, could perform limited duties
a -lny‘tioldo, but gore than likely would not be very proficlent during

cases of emergency. Three types of expsrts appear to be requireds

This dersment contains infermetion sffacting the astionsl Gefenss o the United States within the mesning of the Eapronage Laws, Title 18,
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tvo engineers and a medical doctor, One engineer would be an
slectrcnics expert, He would have a complete understanding of the
communications, telemetor and electronic systems. He would be
proficlent in theories of trajectories, guidance, navigation, erots,
recovery, etc. The mecond engineser would be an expert in cperating
and paintaining squipment aboard. HNe wculd serve aa an inspector,
a troudle shooter, a mechanic and a designer. Since simulating
reducsd grevity conditicns on earth is virtually imposeible for
extended periods, soms minor re=designs or alternate systeas may
be recessary on operating eguipaent or test equipment, The third
astronaut would be & mecical doctor since most of the expesdnemts
performed in the space laboratory will deal with men's ability to
perforn in space. He wiil keep tab on the crew's physical condition
as well as to determine his limits during the varicus experimesnte,
Although sach man has a specialty, he must have a fairly
workeble undsrstanding of the others duties, He must serve his
shift as atation operator and must be able to prepare food and
keep the laboratory shipshape as well &8 having a well grounded

schooling in apticipated emergencies.

Actifioial Gravity |

any problems of manned space flight would be elimipated if ;
artificial gravity (or centrifugal acceleration) were eliminated, !
On the other hand, new probleas are created, Parhaps the moot

fupdamental quesi.ons to be resolved by Taseel is the answer to

HINL A Y
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this probles. A few notes on the subject are discussed below.

I1f gravity is created, the deaign of equipment aboard the
vehicle s simplified because it can be built by long-edopted
snginesring pmadtices where gas convection and liquid flow are
patural, Testing of such equipment can be done on earth and reduotion
in gravity sccounted for by appropriate formulse, Man also bsnefits
in that he saintains his equilibrium = he Las an up and down %o
orient himself. When he exhales, the warm gases rise dus to weight
differences betwesn warm and c¢ool air and therefors he does not
rebreaths stale eir. Also his body heat does not have %o bte blown
awvay with fans, However, rotsting a vehiocle oreates prodlems in
communication, vehicle orientation, cbservations, ete,

Only shorteterm experiments with true weightlessness have Leen
performed, They resulted in varying degrees of reactions cn
pereonnel such as a planiast feeling for some, while others suffered
from digorientation and motion sickiess. Only crudely simuiateq
long~teram weightless experiments have been performed, these mainly
in wvater, 1t is worthvhile to note a long-tera test simulsting
weightlesaness conductsd and performed by Dr, Gravelinsy st San Antoalo,
He immersed himself in water for a wesk with only his head protruding.
He was allowed all the rest he neeced and spent his hours operating
small levers undapwwater when work probless were flashed oo ap

electronic panel, Frequent metabolic checks showed adequate balance

This ducument contging information sffecting the netional defenss of the United States wllun the mesning of the Eapionape Laws, Tite |8,
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of food intake and energy output, It wvas reported that duripng the
veek he only alept 7 hours., The organs of his body funotioned

normally, his bones and susclés responded quickly to weightlessnesss
but deily examinations showed his muzcles were getting softer. I
Calcium and phosphorus left the bones and amade him feel loose Jjointed. |
Dr. Gravelire would leave the water for short perioda dwuring the dey
but be said, "During the last few days of the experiment, it was
. actually a relief to got back into the wate:,.®

Iunediately after Dr, Graveline's underwmter experinent he

was put intc & centrifuge whers he blacked-out at a little under

5 g'e.

Experimenta of this kind very pointedly show that probleme of
wel, .tlvseness and reduced gravity must be solved before any mtbenpt
st manned space flight,

v

R bl o ARt
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TASSEL » SPACE LABORATQRY WEIGHTS
(Three Astronauts = 3 Weoks)
Craw and personal equipment 750 1lbs
Ry-entry cepsule (Tasg ~ Unmanned - orbit) 3400 ?
Space Cabin (outer sheel pressurised, inner cepauls, 2000 !
insulatiop & furnishingas) i
Xcolugical synten 1300 |
Elestronics and Comm. (incl. antenns & telen) oo ‘
Attitude control systea 200
Power supply (Batteries, fuel cell & equip.) 6C0
BRotation rockets, cable winch adayters, etc. 300
iostrvasntation 50
Total ussful load 9400 1lbe
Centaur stage 3600
Total orbital weight® 13000 1lbe
* PBasod on orbital altitude of 200 n. mi. (satellite
1ifetime ~ 5C days.
— -
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TASSEL BCOLOGICAL SYSTEM WEIGHTS
(Three astronauts - 3 Weeks)
Oxygen and 8torage equipment 40 lbs
Food 200
C0; sbsorber systea 375
Water absorber or precipitator 350
Odor absorber 80
Oz ~H, oabin leakage ‘ 75
Water and distiller® 100
Ecological aystem equipment 200
Total 1800 lts

® Note: moat water availsable will be from bi-product of fuel cell,

Weighte and items ia above table cre tsntative, -
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SYSTEM DESCRIPTIONS

Bature of Tassel Orbit
The orbit of Tassel can be quite flexible within prescribed

limits, These limits depend upon the characteristics of the vehicle,
the environment in which the vehicle must operate and the launch~
ing facilities to be available. Since rendezvous is not a requisite
in establishing Tassel, there is no need for extremely accurate
orbits or for orbits that must pass over certain launch sites at
regular intervals. (An equatorial orbit is desirable for a
rendezvous operation because the vehicle passes over an squatorial
launch site approximately every l§ hours. Earth rotation and orbit
regression creates problems for other than equatorial orbits.)
Radiation is a limitation. The Van Allen belt, although yet
uncertain, is considered a ring structure, approximately symmetrical
about the geomagnetic axis, restricte the vehicles altitude to
roughly 350 n. mi., no matter what its orbital inclination should
be. However, restricting the vehicle to equatorial orbits of 30°
to 40° maximua latitude appears to provide the most sheltered
region. 1f the orbit be pidlar, then radiation from solar flares

becomes & haszard.

Orbital lifetime limited by the density and shape of ihe vehicle
and the density of the atmosphere, determines the lower limit of
the orbit. Figure 9b shows orbital lifetime as a function of

This document contains informat.on affecting *he national defense of the United States withir. the meaning of the Espionage Laws Titie 18,
USC. Sections 793 and 794 The transmission or the revelation of its contents in any manner 10 an unauthorized person is prohib ted by law
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altitude based on 1959 ARDC atmosphere and a -E-:‘—- of 10 lbs/sq. ft.
Since Tassel is designed to operate for a duretion of 21 days,

the curve shows that a minimum altitude of 180 n. mi. will be

required, However, due to guidance tolerances and other uncertain-

ties, & 200 n, mi, orbit would be reascnable. From the curve the

orbital staytime of the 200 n., mi. orbit would be 50 days or about

24 times the required life of the space laboratory, This margin

is true only if the vehicle's orbit is close to circular. If

error due to guidance, propulsion or other equipment should take

place, an elliptical orbit may result and the total staytime

( would depend upon the shape of the orbit and the altitude of ite

perigee. Except in extreme cases the vehicle orbit would be

satisfactory.
Qrbital late

200 n. mi, circular

92 min period

2‘312-& = 15,65 revs/day around earth

For each pass over the equator, the earth rotates _360 . 2°
15.05

| Velocity of vehicle 25,280 ft/sec.
| Qrbit Frecession
With & 200 n. mi. circular orbit inclined 30° with the equator,

( the precession rate,am, would be spproximately as follows:

This document contains information atfecting the national defense of the United States within the meaming of the Espionage Laws. Titie 18
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.A"'\ = (19"99—1' ‘€‘) (§)35C°$ L de%q\j

€ = eccentricity of orbit
R = earth radius, n. mi,
Q = seai-major axis

L = orbital inclination

~ 10,00/ 3440 )35 .
= l0.00x 0.82 » 0.866

i d

= 7. .%“S

Thus, the period of precession is about
P = 365 = 51} days
If Tassel is tuambled in the plane of its orbit imnediately
after arriving in orbit, the vehicle would precess thru an angle of
7.1%/day x 21 days = 149° at the end of a 3 week stay period.
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Sizace _laboratory

The laboratory consiste of taree major bodies, the space cabim, the
earth return vehicle "Tasc® and the depleted Centaur aystea. Tho

three units arrive in orbit joined together, Before the laboratory

can be established, Tasc must be inverted, the Centaur tankage must

be Zemoved to cable's lengih and the entire dumbbell shaped systea put
into rotation. At pbesent the depleted Centaur system is considered
oaly as a counter zaszs for the other two bodies for creating artificial
gravity. However, as the space progran advances, the Centaur may
provide, in addition to the above, a remote platform for coanducting
radiation experiments, communication experimentis or may serve as a
housing for the laboratory's future nuclear electric powsr supply,

(A fuel cell located inside the cabin is the contemplated power supply
for the first space laboratory modele.)

The space cabin and earth return vehicle, *Tasc®, comprige the
center of activity for the astronauts, Although Tasc is a aeparate
body, it 1e joined to the celin and a tunnel is provided for free
passage between the two vehicles, Tausc serves ae a aleeping rvom for
the laboratory during orbital atay. This is desirable primarily from
the safety standpoint, since rapid emergency departurs from the
letorstory would require that the resting astronaut be out of the way
of others and in ascape position, thus, preventing loss of valuable

tims duripng bail-out. Tasc's ready access to the cabin, its remoteness

from others and its quistness provides a therapeutic retreat for the

Mmmmmoﬂoc(n(mMMMMOPMWNMMMMMMQYMWW,HL;13,
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astronaut after a day of anxiety and strain., The constant, inescapable
presence of feilow humane is considered to be a stressful situation.
Arctic explorers and others have described the disruption of crews
whose members came to hate the sound and sight of their companions.

By treating Tasc as a separate room, it will provide this necessary
escape as well as utilizing its volume effectively.

Tasc is located farthest from the center of rotation so that
its release from the laboratory does not involve cable fouling or impact
by rotating structure. The fact that it is farthest from the center
of rotation means that its gravity level is the highest of the
inhabitable areas, thus allowing maximum comfort for the resting astro-
naut, Tasc is much heavier in construction and smaller in surface
area making it less penetrable than the cabin, therefore, it provides
the astronauts with an escape shelter to sit-out the hasards of a
potential meteorite storm. Tasc is air conditioned during orbital
stay by the cabin system, but the capsule could quickly switch over to
its own system if needed. An air lock between the two bodies allows
passage even though there exists a pressure differential between the
two.

The space cabin would be the life support system and laboratory
for the astronauts, It must be designed as a highly reliable,
hermestically sealed compartment with fail safe devices for detecting
leaks. A minisus amount of human effort would be required for its
operation and maintenance.

‘
'

This document comtans information sffecting the nationsl defense of the United States within the meaning of the Espionage Laws, Title 18,
USC, Sections 793 and 794 The transmission or the revelation of its contents in any menner to sn unauthorized person is prohibited by law

o GONDENTHAL

S I S S —————— S S o B




i

i

wotAR €0-0228
CONVAIR I ASTRONAUTICS e L) 00

The cabin lncludes 1living facilitles for eaffing, recreation, .

=
=¥
=
=
=
=
=
=

washing and sanitation., Various stisull such ss radio, TV, games, eto,,
would be availsble.

The interior is planned tc be comfortable, well

lighted and attractive. The work spacas, controls, instrusent panels,

etes, will be buman engineersd insuring maximum efficiency of the
astronauts.

At each end of the c¢ylindrical cadbin ie an entrance., One end,
the lcwer, is the hatchway peraitting passage to and from the re-entry
capsule, Tasc.

The upper entrance is an air lock permitting the

astronsuts wearing their spacs suits to leave the ayace cabin and perform

specirl missions outside.

1t appeers that most of the early missions performed by Tassel
will pertain to tests conducted inside the cebin subjecting the
astronauts and suipment to various space flight conditions at reduced '
gravity. later research in rendesvous, rescus, orbital assembly, atc.,
will require modifization to the basic vehicle depsnding upon the
requirements a. the time.

The basic cabin layout is shown in Figure 3, its structure muat ’
be light-weight and capable of withatanding accelerations, vibrations,
serodynamic heating, temperature variations and pressure diffarentials
encountersd during ascent and during orbital stay, The ocabin will

have to be hermetically sealed to prevent any appreciable loss of
atmosphere,

—_ e
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The walls of Taseel are made up of three asgtions; the outer shell,

the thermal insulation and the inner pressure liner. The outer shell

it o1 i

|

ot

withstands inposed structural lomads and acts a«s a bumper against

meteoric penetration, The thermal insulation protects the inner

3
t

-»iii‘.-. i

liner which is &a integral part of the sealed laboratory.

The cabin consista of two floors functionally designed and having
several centers of activity. The lowver floor conteins three compartaents
separated by structural partitions. They are, the bathrooam, ths life
support equipment room and the recreation rcom.

The upper floor is primarily a work center. Expsrimentaiion,
obgervation and the monitorir; of various systecza is done here. 4
control consols, work beoch, galley, storage, space suit closet and
the ladoratory's electrical power plant are located on tbs upper floor,
Cryogenic fluids for operating the power plant and replenishing the air
supply are pidanned to be storad in insuleted containers inside the
vehicle, However, it may be found advantageous to place them outside
in sbaded vacuum depending upon weight and permizsible boile-off rates,

A 500 Xw=hr., HZ0, fuel cell 1s plenned for the laboratory's
power supply. 250 watts would be avallable for electronic equipment
and 750 watte for life support and miscellaneous controls, thus, the
fusl cell would produce a continuous 1000 watt output for 3 weeks.

The fuel cell is located near ths control center for bhandy operation
by astronaut on duty. 1t is placed opposite the control console

X allowing a wore favorable mass distribution of the lalmSsdery. Since

This gacumant containg LA'OrMation Ftactme the Rotons! Sufunss #f the Unitsd States within the mesmng of the Esprnags Lews, Title 18,
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water is the chemical bieproduct of the fuel cell, its location allows
grevity flow to the rest rooc below and the galley by its side., Bo
puaping is necessary, Also, sborter, lighter-weight laad lines result

from the power sosti'ce being near the equipment.

i

The galley is located on the upper floor which is avay froam the

{
il

sanitary facilitiss but pear the electrical power supply opercting :gi
the food locker and stoves, Mumes from the stove must be carried to =

the air conditioning syetem by spesial vent covers to prevent
. contamination of the cabin air of greases and lingering odors.
Volumes and floor areas of the space laboratory compartments

are tabulated in Table 3, o

iy
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An important function of Tassel is to determine the limits
of human capability when varying the cabin atmosphere. Although
bhumans can tolerate a great variation in their environment, it will
not be possible to obtain satisfactory answers to the extent of
these limitations until an actual space vehicle is operating at
sero or reduced gravity.

It appears desirable for space stations and especially long
range interplanetary vehicles to reduce the cabin pressure to 5.5
psia. This would require nearly 100% oxygen with perbaps a slight
dilution if necessary. Talking would be more difficult but fire
hazard would be about equal with that of 1 atmosphere since ihe
oxygen partial pressure is about the same in either case. The
following is a list of advantages in using 5.5 psia cabin preasure:

1. Reduces mixture control problems of oxygen and inert gas,.

2, Eliminates having to carry large make-up tanks of inert
gas.

3. 5.5 psi is a compromise between 3 psi pure oxygen which
is the lower limit of suffocating and 7 psi which becomes
toxic.

L. Structural integrity can more easily be maintained with
explosive decompression having lower pressure.

5. Structural design at lowver pressure.

6. Cabin leakage will be less with less pressure.

This document contamns information atfecting the national defense of the United States within the meaning of the Espionage Laws. Titie |8,
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Although 5.5 psia appears to have certain beneficial advantages,’
its merits have yet to be proven by actual test. For prolonged
periods at sero or reduced gravity, it appears best, until other-
vise substantiated, to design for enviremmmmtel control inside
the space cabin compatible with the requirements of the astronauts
as they experience at sea level under 1 atmosphere.

The environmental unit (air conditioning and atmospheric
control) must be capable of simulating and sutosatic maintaining
moderate terrestrial conditions of atmospheric pressure, temperature
and air composition. By weight, the oxygen concentration must be
controlled to about 25% (+ 5%); mnitrogen concentration 75% (1 5%)3
CO, concentration below 0.5%; CO from smoking 0.005% max; temperature
70° F (£ 10° 7) and relative huaidity, depending on the temperaturs,
about 35% (& 10%). The air conditioning units and atmospheric
control equipment must be capable of continuous operation at amy
Gelevel.

Heat loads in the cabin are consiiered to be primarily created

by the astronaut's activities, the electrical energy consumed and

the heat of reaction in the fuel cell. The amount of heat transferred
from this outer surface through the insulation to the cabin is
regarded as minor. It is anticipated that most, if not all, heat
intercepted by the outside shekl will be reflected or radiated.

External sources include solar and earth radiation, evaporation of

This document contains information atfecting the national defense of the United States within the meaning of the Espionage Laws Title 18,
USC. Sections 93 and 794 The transmission or the revelation of its contents in any manner 10 an unau*10rized person i3 prohibited by law
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.cu ft. of air of standard atmosphere would contain about 24 cu ft,

\

stored liquids, Van Allen radiation, ete.

To remove heat from the cabin's interior, large exterior
radiators are provided. The process operates by passing cabin air
through an exchanger where its heat i1s carried to the external
radiators by a refrigerant (perhaps water). Shutters shade the
radiators from the sun as well as providing a control for this
refrigerant temperature.

Yentilatiop

General commercial aircraft practice provides 20 cu. ft. of
air per minute per passenger. Yeeping with this established
practice =~ the space cabin air with 1200 cu ft, volume would be
changed every 20 minutes or 3 times during an bour. The air is
circulated through cducts of ample size so the flow is kept low
in the ducts and {ar below draft level in the living and working
areas,

If the air conditioning unit should cease functioning 1200

of oxygen per astronaut., This would allov an unacclimatized

astronaut to carry on light repair work for 12 hours before the
oxygen partial pressure drops below the 115 mm Hg minimum where .
oxygen masks must be used.
Eeat load Caloulations
The following estimate of cooling load gives the amount of

air required for circulation and the amount of refiigeration required

This document contans nformation affecting the national defense cf the United States within the meaning of the Espionage Laws, Title |8
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to maintain proper living conditions. It is assumed that in an
average situation, one astronaut would be resting while the other
two are working. Under reduced gravity it can be expected that
only mild work energy will be required. Therefore,

1 astronaut resting = 380 BTU/hr
2 ol working = 860 " *

Astropaut Total = 1240 * *

The fuel cell is assumed to be 65% efficient, therefore, of the
850 watt output the fuel cell is generating 962; = 1310 watts
of total energy or 1310 -« 850 = 460 watts by heat of resction.

460 wvatts x 3.413 = 1570 Btu/hr
850 [] x ] = 2000 * »

Total fuel cell 4LLT70 ® ®
energy

With cabin conditions to be maintained at 70° F, 35% relative
bumidity and assunming air velocities of 15 to 25 fpm, the A.S.H,V.E.
comfort chart gives,

vet bulb = 55° F .
effective temp. = 65° F

This document contans information affecting the national defense of the United States within the meanng of the Espionage Laws. Titie 18,
USC. Sections 793 and 794 The transmission or the revelation of its contents i any manner to an unauthorized person is prohibited by law.
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Of the 12,0 Btu/hr from the astronauts a portion is given up

as latent heat by moisture evaporated into the cabin air and a
portion is given up as sensible h.ut. At 70° F, the heat loss by
evaporation is 100 Btu/hr/astronaut (men seated at rest froam
A.8.H.V.E. Handbk) or 760 grains of moisture/hr/astronaut.

Latent heat = 3 x 100 = 300 Btu/hr

Moisture = 3 x 760 = 2280 grain/hr
The sensible heat loss from the astronsuts = total loss = latent

heat loss
= 1240 « 300
= 940 Btu/hr
or '1%' = 76% of total loss

The total cabin senesible heat rates with 25§ added for peak outputs
= (astronauts + fuel cells) 1.25
= (940 + 4470) 1.25
= 6760 Btu/br
Since the cabin is provided with three air changes per hour
there are 1200 x 3 or 3600 eu/ft. of air pumped through the air
conditioning system per hour to maintain the 70° F and 35% relative

buaidity.
3600 cu. ft. of air weighs;

v = By = b2 2441 5 3000
' 4 RT ’303‘0! 70 +

_; = 270 1bs.

[ S S
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The temperature difference (At ) between incoming air from the
conditioner and cabin air in order to handle the sensible heat load
of 6760 Btu/hr is calculated from;

Qs = W cp(at)
At = Qg
W Cp
= ©

270 x 0,24

= 10° temperature difference

thus, the duct air must be 60° F, 1n order to retain 35% relative
buaidity in the cabin the air conditioning system must remove
2280 grains of moisture per hour and the moisture removed per pound
of air = _ 2280 _ = 8.45 grains. Thus, froa a ®psychrometric
chart® duct 5’3 must enter the cabin at 60° F and 39% relative
humidity. Wet bulb temp. of 48° F in order to provide cabin comfort
of 70° F and 35% relative humidity,

The 2280 grains {0.32b 1bs.) of water per hour can be removed
by the high capacity magnesium perchlorate Mg (Cl 04), or other

dessicants such as calcium oxide, silica gel or Linde molecular

sleves, Between 2 to 3 1lbs of Mg (C1 0,), are required to remove
1 1b, of water. Thus, from 0,65 to 0.98 lbs. of the chemical are
required per hour or from 324 to 494 lbs. for the three week period.
This being far too expensive to carry the total weight, a smaller !

amount of the chemical could be carried with provisions for

| regeneration. This can be done by exposing a portion of the
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chemical to the outside vacuum while another portion is in operation,
Or, by letting this humidity raise during short periods of re-
generation,

Another possibility might be to harness the reaction heat from
the fuel cell and use it to drive a refrigeration system that will
precipitate moisture from the air as well as cool. The refrigerant
would be cooled in the external radiators radiating to space at
approximately 180° R and toward earth at approximately 400° R.
Shutters close when directed toward the sun.

To maintain the cabin temperature at 70° F, the air must be

pumped through a heat exchanger and cooled to 60° F,

Ting document contains information atfecting the national defense of the United States within the meaning of the Espionage Laws, Titie 18,
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Air Leakage :

Every reasonable precaution will have to be taken to develop
an air-tight space cabin, A special rubberised nylon inner liner
will serve to contain the cabin air., If welght permits, this liner
may be self sealing. In spite of the precautions taken, it is
believed that it is very improbable that a 100% permanent sealing
of the cabin can be relied upon. Many fittings and connections
pass through the liner and during ascent, the vehicle will be
rocked and vibrated severely. This will create strain on the inner
liner and may possibly develop infinitesimal small Jjoint leakage.
(_ The air lock doors and the joint between the re-entry vehicle and
the cabin also lend themselves as possible sources for leakage.
Although the amount of leakage is arbitrary, some allowance must
be made in the air requirements to handle such losses.

For example, assume & hole the diameter of & fine hair (say
balf-thousandth of an inch) exiting air from the cabin at one
atmosphere to vacua outside. Assume also that the hole has a

noszle coefficient of unity, allowing the air to escape at sonic

velocity. This is a conservative assumption, but illustrative.
The area of the hole would be about 10™% sq. inches and the volume l
of air escaping would be:
V = Ay,
‘, = 1074/144 x 1100
'{T i = 7,64 x 10~ cu ft/sec
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The unit weight of the escaping gas at 1 atmosphere and 70° F is,

L ek

f e« EL o _14.7 x M4 x 7,64 x 107
RT 53-3!530

B

= 5,72 x 105 lbs/sec.

For a 21 day mission the total weight of esceping air would be,

W 5.72 x 10~5 x 86,400 x 21

104 1lbs

1f the pressure were reduced to 5.5 psia, then, there would be

only 39 lbs of air escape under the same conditions.

( Since the cabin will probably be operated part of the time

at 14.7 and part at 5.5 psia, the average weight of escaped air
would be about 70 lbs, Five pounds will be needed for the increased
sige of the air supply container, thus resulting in & weight cost
of 75 1bs for extra air,

]
vy
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Snece Cepsule Tase
1 The Jhree jstronaut Space Capsule, Tasc, is designed along
the same basic lines as the NASA Mercury type capsule rather than
along the lines of a glide vehicle., Although a glide vehicle possesses
certain advantages such as better control and reduced deceleration
during re-entry, it has large surface areas which makes the vehicle
larger and heavier than the ballistic type. However, some modifications
such as adding control flaps may be attached to the basic ballistio
capsule to provide some degree of 1ift and control. But, until the
technology of constructing light-weight glide vehicles bas been
achieved, it appears to be most likely that payload demands will
favor the lighter weight ballistic body such as shown in Figure 4 and
Figure 5.

This design dravs on the information, experience and technology
available from the Mercury and ballistic missile programs. 1t
allows & more desirable tradeoff of payload, permitting either a
larger crev or flights of longer duration.

The space capsule's primary function is to proteét the astronauts
during ascent and during re-entry. The capsule is considered to
be simply designed, compact and easy to develop. Its configuration
is predicted on the capsules usage with advanced space programs
such as the space laboratory, Tassel, rescue and recovery operations,
rendesvous experiments, manned photo reconnaissance programs, lunar
encounters, eto, vhere it is desirable to have a multi-astronaut

| oapsuls. o
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Taso is designed similar to the one-man Mercury capsule. _

Its main configuration difference is in its larger body for hM
3 astronauts and its possession of two access doors; one in the
center on top surrounded by parachute canisters and the other on
the conical frustum portion of the capsules side. Therse will be
systen differences such as in electronics, the life support system
and structure since advancements in the state~of-the-arts have
brought forth new ideas and knowhow. Also, the capsules more
generalised purpose and its extended mission periods will introduce
eertain functional differences that will dictate arrangements and
modifications to the basic capsule, depending on the capsule's
prescribed mission.

Since re-entry is the greatest design consideratior a flat
curvature heat-shield of the ablative type is shown. To be
serodynanically stable during re-entry, the capsule must have its
center of gravity forward of its center of pressure. Thc astronauts
and the heavier internal equipment must therefore be located as
close to the heat shé#ld as possible.

Tests have shown that man can take acceleration loads against
his back better than in other directions. Therefore, the astronauts
must experience the ascent acceleration and the re-entry deceleration
in a supine position. This dictates their position in the capsule
and the capsules attitude relative to the booster.

This document contains informistion sffecting the aetionsl defense of the United States within the meaning of the Espionage Laws, Title 18,
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For capsule stability and reduction in heating during re-entry,

e

a cone shaped afterbody appears most desirable., The apex of the ,,
cone must be modified somewhat for a center access door and canisters
containing parachutes for the final descent.
Since safety of the astronsut is paramount, there must be a

. dependable escape system for \;u duringl daunching and booster ascent,
This is provided by using emergency rockets to launch the capsule
off from the missile's nose. Placement of these escape rockets
- to prevent blast impingement on the capsule and the booster tank
structure and to obviate undesirable overturning moments requires
clustering of the rockets into one package placed on a tower above
and away from the capsule. The noszles of the escape rocket will
be canted to eliminate the main blast from striking the capsule.
The centerline of thrust is at a small angle with respect to the
missiles centerline providing enmough side component to send the
capsule off at an angle thus allowing during escape, a safe margin
of clearance with the ascending missile. Another tasic purpose of
the tower is to provide stability in forward flight during escape
by moving the center of gravity avay from the heat shield and
toward the escape rocket. The tower ia jettisoned after successful
ascent and the center of gravity then moves back near the heat

shield, where it is best located for re-entry,

mm”mmmmmamwmm-mmmduwuﬂ.rm.u.
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The capsule during ascent and re-entry will utilise an open
or seal-open ecological system based on stored food, water, oxygen,
eto., and ep existing electrical and communication systems. During
orbital stay, the ecological system of the parent vehicle will
supply the capsule with atmosphere and power.

Singce Tasc is too hiavy for the Atlas alone to place into
orbit, it is necessary that an upper stage be used. Figure 6
shows the capsule being launched by m‘ltha/Conhur. The more
than sufficient impulses available by the Centaur makes it an ideal
upper stage for perfecting orbital rendezvous missions since it
can allow trial and error operations in ortit. The table below

gives the approximate weight of the re-entry capsule Tasc.

Without With
—Astronauts —Aatronauts
Launch Condition 4400 1lbs 5000 1ba
Orbital Condition 3400 * 4000 *
Entry Condition 2800 * 3400 *

Note: Orbital condition is less the escape tower and rockets.

Entry condition is less the retro-rockets.

r\-mm-mmmmmumu«tummumummLm.mut
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Since one of Tassel's prime purposes is to establish man's
physiological and psychological limits in space, it is necessary
that the vehicle have as much versatility as possible to support
such experiments. One important characteristic of Tassel broad-
ening its usefulness is its ability to provide and vary the G-
level in the space cabin. Ge=level is accomplished by cable
connected masses rotating about their common center of mass. One
of the mamwes is the space laboratory while the other is the
enpty Centaur tank. When the system is provided with angular velocity,
@ G=level is produced. The G-level depends upon the length of the
cable system and the velocity of rotation., When the system is
rotating and the connecting cable is shortened, by conservation
of momentum, the system increases its angular velocity which is
accompanied by an increase in the G-level. Tassel has a winch on
the cable to provide variation in Gelevel.

The following section discusses quantitatively the characteristics
of rotating the cable connected bodies about their common center of
mass,

Atlas/Centaur is capable of delivering about 13,000 lbs into

8 200 n, mi, orbit (Figure 7) of which part is payload and part

is the Centaur stage. . The resolved weights of the payload and
the Centaur are about 9,400 and 3,600 lbs respectively. (This is
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estimated on the basis of the 3,750 1b Centaur where included ares
93 1bs of autopilot, 157 lbs of guidance, 20 lbs of inverter and
power change-over equipment, 30 lbs of batteries, a 20 1b
transponder and 275 1bs of special installations for Tassel such
as cable, cable attachments, rotational rockets reinforcements,
controls, etc. Removed from the basic Centaur are; 39 lbs of
range safety, 303 1lbs of telemeter equipment and 90 1lbs of
batteries.)

The common center of mass of the Tassel system is shown
in Figure 10.

9400 1lbs 3600 1bs

N

Figure 10

Center of Mass !
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. The systems moment of inertia about the common center of

mass iss

Iy @ %g?z (0.2771L)2 + ggﬂg (0.723L)2

= 22,4 1% + 58,512

= 80.91% al - £4?

Note: For simplicity, the moment of inertia of the
individual masses about their own C.M. is regarded
as negligible. A plot of the systea's moment of
inertia is shown below,

M—T_lr rrrl]l l]l "

50 /

30

in millions of sl-ftl
-3
l
I

I o

—
I ' T S A :
0 200 400 600 800 1000 !

J
o
-

L " (Length of cable system) in feet
Figure 11
Tassel System Moment of lnertia
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Since the system is in a zero-G environment while orbiting,
the only gravity created within the capsule is produced by the
cemtrifugal force of the system rotating about its own center
of mass. The artificial gravity created as a function of angular
velocity and system length is formulized from the centrifugal
force equation (F = m?r) equcted against the force in the second

lav of motion (F = ma) i.e.,

lqul' s ma

a 3002!'

wheres
a = acceleration (ft/sec?)
w = angular velocity (rad/sec)
r = radius of rotation (ft)

To express the artificial acceleration G in the cabin of Tassel

in terms of rpm and system length L:

w (rad/sec) = 0.1047 (RPM)
r = 0,277 L
% s ™
32.2 32.2
G = [0.1047 (kM) ] 2 0.277 L
32,2
G = 9.4 (RPM)? L x 10~

This document contains information atfecting the national defense of the Umited States within the meaning of the Espionag

e Laws, Title 18,

USC. Sections 793 and 794 The tr on o the lation of its contents in any manner 10 an unauthori2ed person 1s prohibited Dy law.

e 22 C ONFHDENFrb

n

e —_—— e e ——— e e



. smm—

C CONVAIR OASTRONAUTICS PAGE 64

Fig. 12 Artificial Gravity Level
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The rotational velocity of the system as a function of
system length for various induced G-levels is shown in Figure 12.
It should be noted that the acceleraticn at the Centaur tank is
2,61 times that in the cabin sirce its radius is this factor
greater from the system's center of mass.

Once the space laboratory is set into rotation it will
maintain a constant angular velocity and provide a steady |
artificial gravity. However, it may be desirable to produce a
greater or less gravity level if a particular test requires, or
if necessary, to provide a higher gravity level to condition
the crev members for their return trip thru the atmosphere. To
accomplish the task of varying the gravity, a winch is placed on
the cable. It can peel in and shortem or reel out and lengthen
the cable. Since a constant angular momentum is maintained in
the system, reeling in the cable will tend to increase the
rotational velocity and in turn increase the gravity level.

The angular momentum of the system is:

‘n = J-UJ 8l - ﬂ-z/m /
Ja = - stems moment of inertia sl - ft?
W < angular velocity rad/sec.

Ja = T73.2 L2 for Tassel

N = Kk 12y,
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The gravity level (G) produced by rotation is:

C = & __ = wir

32,2 32,2
r = radius to center of mass = xzx.m,c-gw’x.

from which
we Kk @F

substituting in above oquation angular momentum may be expressed
in terms of G-level and catle length of system.

X iRy @

(notes for Tassel kg = 820)
By equating the angular momentum of the systea's initial
conditions with the angular momentum of a new cable length and new
Gelevel, the new cable length (Lp) is derived ass

No=
ks @) « kg (G, L)t

B Ly = L (g2 |
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Figure 13
Constant Angular Momentum Curves
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thus, if initial conditions were L = 500 ft cable and 1/6 G,
then, to produce 1 G, the cable length must be:

1 = o0 ()

s 275 ft.

The plot below shows the effect on gravity by varying the
cable length for various conetant angular momentums,

Energy of Rotating System:

The Tassel system by nature of its rotation possesses kinetic
energy. This energy must be imparted to the system by rockets.
To compare the energies of various rotational diameters and G-levels
the following quantitative analysis is mades

KE = § Jouf ftelbe

Jp = systems moment of inertia
= 80.9 L2 (for Tassel)
w = gystems angular velocity in rad/sec.
= 0.1047 (RPH)
G = 9.41 (RPM)? L x 107
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USC. Sections "93 and 794 The transmission or the revelation af its contents «n amy n'anner 10 a0 UNaUthOr12ed Derson 15 prohbited by law.

v a2 : CONTHOENHAL

4
-

e

PRy VI S GNP n e P



—— e ———————RRRE

GONBEN A |
neront AE 60-0228

CONVAIR || ASTRONAUTICS AN

c i

then, K.E. = # (80.9 L?) (0.1047 RPM)2
' = 0.442 L2 (RPM)2

= 0.442L (Gx20°
C9.41 L

= 4700 LG (ft-1bs)
vhere L = length of systea (ft)
G = gravity level (g®)

A plot of the kinetic energy for the rotating mass systea is

depicted in Figure 15 below.
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To rotate the two masses, thrust must be applied normal to
the cable éenterline. Since 50 1b hydrogen peroxide units are
already designed for the Centaur. These would be satisfactory
units to use. ln reality, it may not be desirable to place a
thrust unit on the cabin as well as on the Centaur tank, but for
this analysis, it is assumed there is thrust imparted to both
bodies. 50 1bs of thrust is applied to the Centaur tank at
0.723 L feet from the canter-of rotation (center of mass). Its
Mt of inertia about the C.M. 1s J, = 58.5 12 sl-ft?, The
oafin 1s 0,277 L feet from the C.M. with a J, = 22.4 L% The
amount of thrust (F) required at the cabin to provide same angular
acesleration (<) and angular velocity (W) as the Centaur tank system
is

T ‘toml J oK

r (radius) r
then, ol = Fpr
J
)
or ofe _ .ﬁ'.:‘_
Je It

F = T 0,723 L 2.4 Lz
t X
¢ (ss.sx.!)x(o.mx.

Fpo= 1 (1)
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Therefore, the thrust at the cabin is the same as the thrust
at the Centaur, i.e., 50 1bs. normal to the radial centerline.
The acceleration of the system witk 50 1t thrust units mounted on

each body is,
F.r ) 4
Jt Je
= 50 x 0,723 L
58.5 L
= 0618 3
L

The total impulse (It) of the systea in terms of RPM and
length of cable systems (L) is,

I‘ = (’t'frc)t

t = duration timse of firing

= 2 (rad/sec)
= (0.1047 RPM
0.618 T

then for Tassel, I, = 2 (50) _0.1047 (RPM) L

0.618
= 16.9 (RPM) L

; or I, =1%oV a ;
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The timgé(t) to arrive at the desired RPM with two 50 1b thrust units

is,

t = 1t = Iy = It
Y 2x 5 100 (5ECE)

1, and t are plotted in Fig. 16 and Propellant weight required
plotted in Figure 17 against L.

1t should be noted that a considerable reduction in propellant
may be realized if the cable is long when initiating rotation, then,
shortening to increase the G-level, For example, initiating 1/6 G
with a 500 ft cable requires 98 1lbs of 5202 propellant Fig. 17.
From the constant angular momentum curves (Fig. 13) by shortening
the cable with a winch after achieving 1/6 G by rockets, from 500
to 275 feet, 1 G can be realized in the cabin. However, if 1 G
were to be required with no shortening of the cable, then from
Fig. 16 180 1bs of Budg would be necessary. This is 82 lbs less
H202. Of course, the weight of the winch and the power to operate
must be included to provide a mefé realistic comparison.

Assuning a winch with a capacity of 5 tons (sufficient to handle
1 G at the cabin) provided with an electric motor. The hoist would
bave a worm drive to lock the orum in any pcsition where the motor

stops. Assumed is a (O:l gear ratio wimeh with a 6 inch average
diameter druam and a cable capacity éf 225 ft. The input motor is
assumed operating at 120 rpm with an efficiency of 86%. According

o w2z CONTTDENFHAL
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to the De Laval Company, their emperical formula for worm gearing
for best thrust bearings is €, = 1 - 0.005 ry where r, = speed
ratio of worm end gear. Thus for 60 to 1 €y= 1 - 0,005 (60) =
0.70 or 708. The combined efficiency of motor and winch is then,
€«<Cw e, = 070 x 0.8G = 0.60 or 80Y%% .
Each rpm the drum reels in 4 = 1.57 ft. With a 120 rpm motor, the
cable reels in 1-5'29 x 1.57 = 3.14 ft pe¥-minute which would require
a time period of g_zﬁ = 72 minutes to shorten the cable from 500
ft. at 1/6 G to 2’75.ft at 1 G, From Fig. 13, the average G-level
with respect to operating time is approximately 38 G. The average
weight moved by the winch would be 9400 1bs x 0.38 = 3570 lbs,
The vork done by the winch is 3570 x 3,14 = 11,200 ftelbs/minute
or 11,200/33,000 = 0.3, H° . Ths electric motor would require an_
input of fagf = 0.567 P or 422 vatts for 72 minutes (0.5 KéH).
The peak load will occur as the system is approaching the 1 G
condition at end of run where the power required is 844 watts. This
is close to the 850 watt output of the electrical power fuel cell.
The weight of the winch, motor, electrical cable and control

is assumed to be about 50 lbs. The @, and Hy fuel and tankage for
0.5 KWH burned in the fuel cell to provide power to the winch would

g be about 2 1bs. 225 feet of 3/8 cable 7 x 19 (breaking strength of
14,400 1bs gives 50% safety margin) weighs 48 lbs with fittings,
The total weight of the winch system with the extra 225 feet of

cable weighs approximately 100 1bs.

%
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As asttioned in the example above, 180 lbs of propellant would
be required to initiate 1 G spin with a 275 foot cable system. On
the other hand, with a winch system it requires only 98 lbs of
propellant to initiate spin to 1/6 G with a 500 foot cable, then,
by reeling in this cable to 275 feet, a 1 G level is achieved.
However, as calculatec above, approximately 100 lbs for the winch
system must be added to the 98 lbs making the winch system about
18 pounds heavier than the direct cable system.

The above example is calculated for omly one condition but
serves to poimt out that by acding a winch to the cable system the
L versatility feature of changing G-levels may be had at relatively
small if any s3uitional cost to the overall weight,

Cziaolis Acceleration

This acceleration is a phenomenon that is created when a body
is moved parallel to the radial axis of a spinning system. When
the body moves the acceleration acts perpendicular to the direction
of the body'l motion. An example which most everyone Las experienced
is the'uct of walking toward or away from the center of a merry=go-

round, while it is in motion. A person tends to veer sidevays and

lose his balance., The effect depends upon the merry-go-rounds

i period of rotation anc the velocity of the persons motion toward or
avay from the hub. 1ln space station design, the corioiis acceleration
( may become rather annoying to an astronaut if he is producing his

This- document contains information sffecting 'he national defense of the United States within the meaning of the Espionage Laws. Title 18
USC. Sections 793 ang 793 The transmission or the revelation of its contents in any manner 0 an unauthorized person is prohibited by law




T —

C

CONTTDENTTAL

neront A 60-0228
CONVAIR ASTRONAUTICS PAGE o S
§ 4 T T l m 18
— - =
033 J
R T
s e
2 /]
i . g
- U
k g
- k

400

300

200

\

v
e
—

— 8
__-———"'/
| | l 1 | | lo
" = D < 3 N e

'

L

This document contamns information atfecting the national defense of the United States within the meaning of the Espionage Laws, Titie 1§

(*330a) Teaer-p

(epte) syyOTI0)

1073wy UOTIRIeTE00Y

"L®* (Length of Tassel Cable System) in feet

USC. Sections 793 and 794 The transmission or the revelation of 1ts contents in any manner 10 an unauthorized person is prohibited by law

A022

- —

Fig. 18 Ratio - Coriolis (side) to Vertical Accelerstions

By B o



/ aeront AE_60-0228

CONVAIR || ASTRONAUTICS PAGE. 78

i Al

. —

vertical acceleration by high rpm about a short radius. 1n the

design of Tassel, a long cable would provide sufficient vertical
acceleration with a slow period of rotation, thus, the Coriolis
acceleration would be reduced to a reasonably low level,
in moving from one floor to arother in Tassel or moving one's
hand up or down while operating controls, a motion of 3 ft/sec is
believed an average velocity to be considered in calculating the
Coriolis acceleration. The following curves show the effect of
Corlolis acceleration as a function of the space lab's RPM, It is
basec on the formula
o = AL 5
T
T = period of revolution (secs)
U = radial velocity (ft/sec)
a = Coriolis acceleration (!‘t/uo’z)
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Fig. 19 Coriolis Accel. vs RPM for various radial velocities
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An example with the aid of the graph aboves An astronaut is
a space station rotating at 2 rpm raises his hana vertically 3 ft/sec
towards an object 3 feet directly above. If he did not restrain
his motion, his hand would tend to veer (S = ¢ .tz =4 x 1.26 (1)2=
0.63) 7§ inches to thc chjects side.

To further the discussion, suppose the astronaut under low
vertical acceleration is jumping from the lower floor to the upper
thru the hatchway. If he is not cautioms he could veer sideways
emough to bang hinself against the side of the hatchway or perhaps
crack his head on an obstruction above,

Although Coriolis acceleration will be present at any angular
velocity, its effect is more noticeable at lower gravity levels. For
instance the space station Tassel rotating at 2 rpm with a cable
system 27 feet long would produce 0.01 G. The Coriolis acceleration
at 3 ft/sec radial velocity at 2 rpm is C.039 G or almost 4 times
the vertical, With this criteria, an astronaut supposedly
Jumping vertically would in reality veer off on a 75° angle w'th his
vertical. This example may be an extreme case, but refering to

Pigure 8. which is a graph of Coriolis acceleration to vertical
acceleration for various length cable systems and various rpm, the 1
Coriolis effect as shown is very considerable with short cable

lengths., At 2 rpm with a 100 foot cable system the Coriolis to
vertical acceleration ratio is one which means that a radial
velocity of 3 feet/sec would veer an object off at 45° angle. The
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tentatively design standard for Tassel having a 500 foot cable system
at 2 rpm provides approximately 1/6 g vertically and a 20% side
coriolis acceleration. For examppe, under these conditions, water
being poured into a glass 12 inches directly below the pitcher spout
would miss the center of the glass by 2,4 inches., This could be
rather disconcerting if allowance were not made.

It is believea that the tolerable level of Coriolis acceleration
will be a deciding factor when determining what length cable system
should be used. Dr. Thomas R. Davis, M.D. of the U,S. Army Medical
Research Center states in Atlantic Monthly that "rotation creates
(' an interesting but disturbing set of medical problems associated
with the organs of balance. If a man or an animal is rotated
and the axis of his vertibular apparatus is changed, as in nodding
or tilting of the head, some wonderfully fantastic and highly
disturbing results take place, similar to those we experience during
@ ride on a super rcller coaster. Very few individuals can tolerate
much of this. Some vomet, some manage to emerge with only a pale
green complexion, and others have had to go to bed to recover.

Current research has cone much to define the psychophysiology

of the przolem. The acverse effects of rotation vary greatly from
one individual to another., Professional dancers and acrobats are

the least effected, If rotation is necessary, there is some glimmer

of hope, for it has been shown that animals and man have a fairly
€ rapid ability to adapt to the effects of rotation.®
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ALDENDUM

The following two illustrations are from an easrlier Convair
report No, AZP-100, by F, D'Vincent, depicting s Two-astronaut
space laboratory. Those illustrations are included as an addendun
because the Tassel design concept has been patteraed after the Two-
astronsaut systeu,
In general, the same design philosophy exists for the two concepts.
The laboratory, supplies, re-entry vehicle and astronauts are
boosted into orbit as a unit, thus eliminating the need for orbital
rendezvous. The depleted Centaur tankage is usad as a counter-mass
for providing.cantrifugnl gravity in both designs.
Variations in detail design between Tassel and the Two-astronaut
oysten are itemised as followe:
(1) Tassel orbite 3 men for a duration of approximately 3 weeks,
The Two-astronaut spystem orbite 2 men for about 5 weeks.
(2) Taesel's design is based on a newly-developed re-entry
capsule accommocating three. This new design features an
zaccess door on top of the cepsule, increasing the capsule's
usefulness as an all-purpose re=entry vehicle and its
adaptability to varjous advanced space sysiems.
The Twowastronaut system exploys s modified Mercury

capsule deaign with a minimum of rework.
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(3) Tassel requires that its re-entry capsule be inverted in
orbit, simplifying access to the space cabin and allowing the
capsule to be ulilised as a separate room for sleeplng.

This is also very desirable from the safety standpoint,
The Two=astronaut system requires a tunnel between the

capsule and the cabin for by-passing the capsule's heat

shield. Because the Two-astronaut system's re-entry capsule |
is not intended to be inverted, the centrifugel gravity ‘
created by rotation acts in the wrong direction with |

respect to the capsule's top. The gravity force tends to

{ throv the astronaut ocut of his couch, making the capsals
unsuitable as a sleeping room. *his also means that, prior !
to Jettisoning from the laboratory, the astronauts must H

strap themselvee in their celling couches.

b —
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FIG. 21 ORBIT TWO-MAN SYS. (REF. AZP-100)
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