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CONVAIR ASTRONAUTICS PutI.

A This report conta&L- preliminary information pertaining to a

1hree Istronaut §pace 2ystem Fxperimental faboratory, *TASSEL.

Space laboratory Tassel would utilise the boost capability of

Atlas/Centaur. Its purpose is primarily fur conducting basic research

in the biomedical and equipment evaluation sciences. its early

a-allabillty would 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 research

projects. 1 Thia report is prepared under funds awarded by RL.A #11I-9135

titled, cAJ¢ed Space System Studyw. Enclosed are vehicle design

paraaeters, ca bilities and operations.
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INTRODUCT I01

The era between the Mercury experiments aui the permauent space

station must he planned for a continuing program of mannea orbital

research. Thia will be necessary for the broadening of our apace

technologies and iniauring economical optimum designs of future manned

apaftcraft.

The Mercury experiments will provide considerable information

about wan's ability to perform in a weightless environment, the

fanctioning of hin equipment and orbital control techniques. bt

due, to limited pa .. *.., these experiments will be confined only

to a fa_.ll portion of what is needed. For instance, time duration

at sero or red uced gravity appears to be an important psycholfgical

and physiological parameter. One-day orbital flights with the present

Mercury capsule will tell little about what man will be able to

do over extenaed periods aloft or his physiological condition for

re-entr, after prolonged periods at zero or reduced gravity. They

will tell little if anyt,,ing 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 complte simulation,

most experiments must be made in real space environment, it is

apparent, therefore, that a space laboratory must be available for
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basic research by ths time the )eroury's veefulneso declines,

The space laboratory would have to be a fleible system, eiaply

designed and utilising existing technologies and hardware in order

to be available in the early sixties.

The space laboratory Tassel (bhree Astronaut pace &ystea

xporiamntal 1aboratory) 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 thrie-astrona.ut 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 bo-.ster, Atlas-Centaur. injection into orbit

is accomplished by the Centaur stage alter Atlas burnout. Ji orbit

the depleted Centaur rtage serves as a counter mass for the laboratory,

thus creating artificial gravity as the cable-connected tvo-body

eyetem rotates about its coaion center of mass.

Tasael 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 rendezvous problem as its cabin, cargo, earth return vehicle and

the astronauts are del.vesed into orbit in one package. The orbit

may be any one of a number requiring only relatively crude guidance

M, cothn 0aurms r"" "f w ute deN o i tgMa wt Ro. UIJte Stel ofe f mq Ealo me Lffw, TiI e 18,
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for inJectior. Although Tassel is limited to short-tar eperiments

of tto or three weeks, moat of the fundamental problems of can W

space oan be resolved during this duration. The apace laboratory

is a must for the economical development of all advanced manned

spacecraft.

After certain technological breakthroughs are gained and large-

scale u~ertaklngs in space begin, the permanent space station will

be needed to train crows for long, interplanetary expeditions, make

long-term evaluations of space travyi equipmsnt and provide a platform

for astronomical study, weather reconnaissance, orbital Aaemq,

(medical reseerch, eta.

In addition to orbital rese&rch, Tassel can be used for smalatiAg

space flight oonditions. For example, a manned lunar mission may

be performed in the following mazn4ar After the system is In orbit,

torque forces &ra not applied. The system then simulates the free

fall condition during the approximate 2-1,/2 day trip to the =oon.

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

maJ4%de as encountered on the moon. This roation can be main-

tainoed as long as the hypothetical lunar landing party is on the

surface of the aooL Rotation will then be stopped in order to

si a .ate the free fall condition of the return trip.

The descent to earth would be mvad in the re-entry capsule

TWs4 t1 mcrraloA uI'teril thg mtsn 4., sE U te bd S04st "beon 0e fnmt ef a~ M 0!ipou0e UIW. Tills It.
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utilized In this Sy6tem. Thus a complete m nned lunar lending mission

could be simulated without the vehicle leaving terrestrial space

where extensive telemetry data could be accumulated on human reaction

and with minimum danger.

Tassel is a stepping stone in the series of events leading to

manned apace flight and is a logical progression of accomplishments

toward the space science program. Tassel would be followed by

permanent space stations, such as the Outpost series proposed by

K. A. Ehricke, having several men aboard with Indefinite staytimes,

then by lunar landing programs building up to interplanetary flight

capabilities.

M. M e s amga sr t t eft Umted St aes , i m tM ma oe ftEsp*nge Lon, Tfile I&8
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FIG. I A-SCENT OF TASSEL USING ATLAS/CENTAUR
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TABUS I ]
TIhssel Prncia Data

Operational 193

Booster 6yetem Atlas/Cntaur

Entry Vehicle Tasc

Crew 3

'ration 1 to 3 weeks

orbital Weight - 4A tons

Gravity Level 0 to lg (1/6 g normal)

Orbital Altitude 200 n. mi.

Over-ell Length 28 ft.

Over-all Diameter 10 ft.

Total lnternal Volume 1,200 cu. ft.

rpm - 500' cable

Circumferential Velocity (2 rpm - 500' cable 27 fpe

Power Requirement (02 or H2 Fuel Cell) - 500 Kwh

exterior Raitting Surface Arras

Outer A Total 630 eq. ft.
(56% of area is adjacent to inner cabin capsule)

Surfacd Area of Cabin Bulkheads 110 sq. ft.

Surface Area of Earth Return Vehicle ibc sq. ft.

Surface Area of Air lack .0 sq. ft.

Surface Area of External Radiators 50 sq. t.
(This area is part of outer shell and can be
doubled if necessary)

TWA toon odm iWrw e fIg t u meh" I ws of,. uetmd state wtm e wal of ft Esomp Las. Title 1i.
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SUW4MARY

This report presents a preliminary concept of a minimaul-size

space laboratory which could be operational in the early sixties.

The primary purpose of the laboratory to tn eorv- as a. Gxpari-

mental platform for establishing basic requirements and verifying

bario hypoteheea relating to the science of manned apace flight.

The primary missions of the space laboratory ares

a. To put men Into space for extended periods and learn their -i

physical reactions and to determine what they are capable of

doing.

b. To determine whether artificisl gravity muat be provided

to permit proper functioning of equipment and for the orientation

and general we~l-being of the astronauts, i.e., to rotate or

not.

c. To conduct laboratory experiments of a yohological and

sociological nature in ttc confined environment of space.

4. To provide a platform for designing and testing apparatus

and equipment for advanced space vehiclos.

e. To conduct laboratory experiments of a biological nature

by varying the !atmospheric pressure, temperature and huridity

during reduced or sero gravity conditions.

f. To select and contion crows for space station and

early space expeditions.

?1Aasit ml c hmtin~ o ~Wtw g ft nl tOm dsfins of tim UWtOW SUMt Mit She emle of Ntime mWo~ Laws. Title 18,
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CONVAIR ASTRONAUTICS )a

g. To make real tim obaervutione and scientifio aauuremantse

of earth and local space and pousily oboervations of deep space.

h. Tp Vevide a. platform for developiag and Verftting orbital

rendeas and space rescue techniques.

Barly laboratory missions are planned as Inclined orbits about

the equator. Some later orbits could possibly be polar. (Radia~lo.

becomes an important factor if the orbit is above 300 latitude.1

The following items list the merits of the temporary space

laboratory, Tassel, for early space research, phasing it between the

Mercury program and the permanent space station.

o Tassel would allow early space laboratory development because

it is based on existing hardware, hardware under development, and

hardware which can be obtained quiokly with existing teohnology.

The majority of the dollars opent, therefore, would go directly

into hardware.

b. Instead of spending a large portion of development effort

solving the orbital rendeAvous technique to a workable degree

before manned orbital research can begin, it appears more

economioal costwise and timewise to develop the tv* as separate

programs rather than hrld up one because of need for the other.

Tassel has no need for rendeavoue, but among other things can

serve as a platform for its technical development.

a. Tassel does not require precise launchings into predetermined

orbits or must it be located In an orbit to allow repeated

Thh moa WSnA4~ ii o, motoS f%tg to do o; be titsd 3tH wUf am wgo mo Eispwsqo .. La. ts3.-
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acceashilUtv from a fixed launching site. The same lauvohing

site and comovnication network set up for the Meroury program

could serve for Tassel, therefore no new equatorial launahing

sites or conmAnication stations would have to be Constructed.

A far lees expensive program thus would be provided at a such

earlier date.

d. Not all missions can be satisfied with one perasnent orbit.

Tassel can make successive orbital flights at different altitudes

and inclinations. If Tassel is programed ror a particular orbit

and fails, it is more than likely that whateter its orbit,

( ~rovided it in not dangerous, will be suitable for use. This

is In contrast to a rendsvous flight wherein a als is a

complete loss.

e. The tost of an expendable vehicle such as Tasl is perhaps

a bit more expensive than a peranent spa" station when considered

over a long period of operation provided very fev r;ndosvo-.

mist*@ are encountered and the launching sites are not included

In the cost. Hisses are a hard item to appraise but could well

moan t A Tassel experiments are far less exponsive in over-all

oparation.

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

to serve as a platform to develop and optimise equipment for

advanced space vehicles. Subsequent firings of Tassel could carry

Into orbit new advanced designs to be evaluated. These could be

.,s a4m sm 40~ sffecW4 go mhaW defes of te Umbed SW wiN.. "o mo* % toff Fmmle Laws, Trio I&
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incorporated at the factory rather than to attempt balvagse of

reworked equipment as aould be nacessary aboard a permanent space

station. Rewcrk of equipzent aboard a permanent station would

appear to be very restricted, time consusing, expensive and often

dangerous.

u. Tassel can be orbited at relatively low altitudes because

the residual drag during its limited lifetime will not appreciably

decay the orbit. The lower altitudes allow a greater payload

and a lighter-weight re-entry vehicle. In case of a strong solar

flare where It is mandatory to abandon ship, the lower altitude

permits the astronauts to return home more quickly than they

could from hiher orbits.

h. Because Tassel is expendable, no heavy shielding against

solar flares is necessary. The earth-return capople is part of

the cabin a" is to a very convenient position for quick bailout

If radiation becomes excessive. Thus the astronauts can jump

into the capsule and depart in a quicker time than the astronauts

of a permanent space station can don their space suits and work

their way out of the airlock to their lifeboats.

i. it may be necessary on return to earth before leaving a

apace vehicle to provide a G-level of one or zore to conaition

the astronauts for their re-entry trip. Tassel, with its ability

to change its G-level by merely ahortening the connecting cable,

is vwry adaptable to such a requirement.

Thw d0ANAM woena WNwMt.8O t eq tI tOW efo e t " UIiNId $te WfM ""mo of ft Cenaq Loom 11ti I8.
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J. Because Tassel creates its artificial gravity by rotating

two masses connected by cable, it is possible t- reduce the

rotational period and coriolls side effect to a low level and

still maintain suitable centriugal acceleration by designing a

long cable into the system. The resulting low period reduces

the problem of the rotating communication antenna and that of

general orientation.

k. Since Tassel Is a temporary space system, it is free from

the expense of long-term orbital maintenance such as would be

required of a permanent station. Once a permanent system is

operation&l, it must be maintained whether high periority research

is being conducted or not. This could result in a rather

expensive overall cost.

The short-term system, Tassel, would be launched and operated

only when required by concentrated programs. This makes it

possible to evolve a system step by step with redesign periods

between each successive flight, thus, building up to an ideal

space system. Other experim at& prticularly in the biomedical

fields may require several Tassel laboratories in space at one

time or there may be waiting periods for reconstruction when none

will be in operation. Tass'l launchings would therefore by

nature be very flexible.

ft" ~al cetq*5 Wfvt~iw Mqlwtar tley iat*" dels oft United Stale wt, t P" ffw~ EsleThe e Ls", Idle 18
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1. Tascol fliehts could easiL.( be postponed if' bad weather

persisted. To kaep the permanent system operating these postpofl$'

ment-s would be somewhat li.ditcd because personnel and supplieswould have to get through to keep the station In continuous _

operation. Therefore, a hi~her structural factor would have to

be designed irnto the structure of the permanent stationls support

vehicles than Into the structure of Tassel.

The s;ateu consists of an Atlas/Centaur misuil.e with a payload

containing a "'ercury-type" caps-.:e and orbital living quarters. The

unique characteristic of tLhs space 1^bn-sitory Is that it would be

( fired Into orbit as a unit, i.e., the astronauts, their living quarters,

their suppliea and return vehicle would be launched at the same time.

This eliminates the complex problems and expense of rundezvoas in saes.

The space liboratoy oould house three astronauts with sufficient

prey4 e.one for several weeks staytime with accommodation-, for work,

eat# ,sp, tLoilet an~d exercise. Tnese activities, goner&ally, would be

performed under artificial jgravity cro'ated by rotating a cable-connected

two-body system about its common center of mass. The gravity level

my be varied by ichaneing the laboratory's rotaxionAl 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 .-hanging

gravity levels may be obtained at a relatively smiall cost to the

ovesrall weight. This being compared to changes is- angular velocityj

mT .60som 00111111 .nfiaiino ~ ateeli ooe of m umeet aaw w-A s mo ewiof ite [wmss Lon, itle 1a.
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of a fixed cable system with rocket impulse.

A 'ong connecting cable joining the two-body system provides suitable

gravity .'.evals at low rpm. The accompaning aid* (coriolis) accelerations

are al' quite lov. Yor example, a 5W0 oot cable system rotating at

2 rye provides about 1/b G vertical acceleration. At 3 ft/sea, radial

velocity, the resulting side acceleration is about 2D% the vertical. On

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

the side acceleration is about 4 times the vertical,

The concept of the space laboratory in so arranged that most

orbital experiments and operations may be carried on by a shirt sleeved

crew. in case of emergencle such as meteorite penetration, solar

flares or other, crew members can escape to their ro-entry capsule

without having to don space suits and pass through air locks. This

allows rapid departure which is an important safety precaution for crew

survival.

Gener lly speaking, the space laboratory operates in an orbit

free from any appreciable radiation except strong solar flares. At

times of high solar activity, no space laboratory will be orhited.

If a flare should be emmitted from the sun or essitve radiatiom Lr

from other sources be encountered during flight, the astronauts will

have sufficient warning from their own radiation counters and froa the

earth observations to bail-out and return to earth before radiation
pP

damage becomes serious. (it Is believed that a little over a half-

hour period would be peritted after a large flare salts before a

dangerous accumulated radiation level is reached.)
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Although the system concept of Tasel is based on the maximum

payload "two-start" trajectory, i.e., utilizing an interrupted thrust

transfer ellipse, it may be more desirable from the viewpoint of

existing guidance and tracking to place the laboratory imediately

into orbit ('one-start" trajectory). This latter trajectory would

reduce the payload approximtely 2,0 pounds which would result in

decreasing the crew siso, staytime or experimental capabilities.

Growth Centaurs would allow more favorable trade-offs.

Three astronauts is believed a minimu crew for carrying out

full duration operations. For first flights with short orbital life

(it say be desirable to operate a two-nan system. However, it appears

most economical to design for three and ellIinate one from the flight

If the requirement due to safety, payload limitation or other reasons

deem it nocessawy.

The activities and tasks assigned to the first manned 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 i4ection, then orienting the itarth-

return capsule for embin access, detaching the Centaur booster tank

and unreeling it to cable's length, initiating rotation for artifioal

gravity, entering tbe space cabin and putting the station into oyeration.

Atter a short stay in orbit the astronauts may return to their re-entry

capsule and leave for earth.

L
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Wah would be learned from the first umoeeosful flight of Taselp

both from the standpoint of vehicle operation and from the standpoint

of the ast onauts' ability to perform in space. rondition. ill be

as favorable ae possible to achieve a euoessful mission. Succeeding

flights would then begin the planned experimnte.
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T '490 @so after launch

100 n. mi.

Coast Pbase
3/4 hr.

Earth

DO u. mi. /

Orbit of

TasselVa 
25,033 ft d iiwei

Vo 25,209 ft./m.

V =176 ft./"a.

Figure 7 Trajectory of Tasac
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DiSC3SJON

The first frontispieoe jwrtrays Tassel im a 200 n. mi. orbit The

laboratory with Its re-entry capsule in shown in the foreground. The

body on the opposite end of the cable is the dopleted Centaur tankage.

After Atlas burnout, the Centaur provide* impulse for Injecting the

Tassel iato orbit. The two bodies are rotating about their comm.

center of mm, which is along the cable about a quarter or the

distance to the Centaur. This rotation creates centrifugal gravity for

the stronauts comfort.

The smond frontispiece Is a cutaway of the space laboratory

stowing the three astronauts and their cabin arragement.

The space cabin consists of two floors. The Mw floor ie the

work ceater and laboratory ares and It also contains the galley.

The lover floor is the recreation room with sanitary facilities in

an adjoining room and life support equipment iz another adjoining

rooam Below the lower floor in a convenient location for jettisoning

is the re-entry vohicle Taco (1hree Astronnut pace Capsule). Tas

is a sleeping facility during orb'W stay, and it is kept In

readiness for earth return In came of emergency.

The design of Tassel is infLuenced by its relationship to the

Atlas-Contaur booster system, i.e., about 4* tons, 10 ft. in

diaeter and relatiely short in length. The complete launch

USOCUM M ad 714 The git W g nM*M of !t Coti Ic ay M 10 0 Wut9Wrum W 12 jtot by Lw
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vehicle is ab own in the artist's con ception In Figure 1 aLna an a

line drawing In Figure 2. The modified Atlas with a Centaur

upper stage carries Tases its ayload. The forward and of the

Atlas oxid.4.er tack is cylndrical instead of conical as in the

1CB4. Atlas/Centaur flight tank pressures are maintained at their

normal values; the tanks ar'e pressuro-stabllsod so that the skin

material remans in tension for all expected loads of ascent.

The overall height of the ascent vehicle in about 122 feet

with a 16.5 foot capsule escape pylon added, thus, giving a total

of about 138.5 feet. The ellitlca,! bcl head of the cabin is

mad* flexible and is partially .efifjc'6d to short.en the adapter

length between the cabin and the Centaur tank arid to says on the

overall length of the vehicle. The shorter aissile allows a more

favorable condition when considering aerolastic bending moments

which are created during ascent.

Feor emergency, the re-entry capsule Taec, housing the

astronauts, in placed on top of the launch vehicle. This sets.,

the capsule in a position that allows split-second jettisoning

in case a malf'unctioaiLng of the ascent vehicle should occur.

Directly below Tasc is the space cah-ln, It is pressurized, but

uninhabited d uringi launch. Its internal pressure is only enough

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

the internal air is reduced. This will maintain a constant pressure

.nh,
5  
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differential protecting the cabin walls from having to be designed

to accommodate excessive loads.

The ascent configuration with Tasc on top, the space cabin

In between and the boosters below provides a functional profile

and places the uxits in their proper order for orbital operations.

Since the Centaur arrives in orbit as an expended booster,

it is utilised by the space laboratory as a counter mass for creating

centrifugal acceleration. This is done by removing the Centaur

from the laboratory to cable's length by an Impulse obtained either

from springs or small jets. When the cable system is rotated, the

resulting acceleration acts outward from the common center of mass.

Therefore, the cabin's top '.s so positioned that it faces in the

direction of the Centaur tank. Thus, auring ascent, the cabin's

top would be facing the Centaur below, i.e., the cabin woulo be

upside down with respect to the missile. Thls, however, is an

advantagc since it allows all equipment underpinning to be designed

as light weight 6ension ties during h.gh ascent C loads aznu then

serve as normal below table level compression members during low

G orbital operations.

During ascent the capsule Tasc provides protectiou for the

astronauts. They lie In a supine position resisting acceleration

loads thru their backs. The capsule being similar in assign to

the Mercury capsule is right side up with respect to the ascending

missile, but, upside dow with respect to the space cabin and the

S- Stz~ on., 3 3rj 94 1~ ?,e '0's I r~ . - -F t d' n n~ al n.anfle 0 an vl ~ '-!t G, A.
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a-tifi.-%l gravity which will be produced ty rotatlon while in orbit.

In oruer to make use of %he capsule as sleeping quarters and provide

"s7 soose for emerlgnay departure and elia tnate the ned for strapping

personnel to the ceiling, the capsule must be iuvarted alter arrival

In orbit.

This is not considered a difficult xnneuver for the first

astronaut in_ the Mercury capsule will be required to perfo.'v a

si.milar task in order to re-&naor his capsule Into the atmosphere.

1pI orbial arrivtl Tasc will be oriented with respect to the

cabin # can be turned over and rejoined In the following manners

( Wha Tas: is rOleased frou the aoin in its gravity-free environsment,

it is imovad slowly away t~y comipression springs. Two low-streng"

cables attach44 the two bodies tobetbor have enough slack w

allow a few feet departure, With control jets, eutopilot end

mnual-visual control aboard the capsule, it is a simple matter

to flip Ta over. Then by m.oe&n of wo small winches, the capaule

is pulied into the tape'ed female seat provided on the cabin. The

capsule is tbn looked in place and pressure seals energised. (The

aolnt ma be l&Ler ctulked by hand if leakage thru the seal becomes

wesesAvqs.)

With the ro-entry '-.bicla Tase located, the tunnel between

it aM the cabin is ready for pressurisation. This the. may be

folowd opening the top dor of Taso and the lowr -or of the

Tf .m, csa*. smom ow "e ftgms6 #eof of m urW u Slab, u4Uwiva mewq of Ve Eww Lm TdW I.
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cabin and thus I-aining entry into the laboratory.

With this maneuver completedthe Centaur on the opposite end

of the cabin is released and slowly departed te cables lergth.

A shock absorber is mounted on the cable to absorb the shook load

when this cable becomes taut. The shock absorber programs the

rotation rockets on the vehicle which starts tho system rotating.

A G-level of any desired msgnitude can be obtained through vara-

tione in angular velocity. For example, an acceleration of 1/l G

ay be obtained in the laboratory.by rotating the system with a

500 foot connecting cable at about 2 rpm. The gravitational

environment may be easily adjusted to any desired levol simply by

adjusting the cable length varying the rotational velocity of the

system. During this maneuver, the astronauts will probably be

inside Tac. After initiating rotation, the cabin can be entered

and the spac laboratory put into operaton.

To answer the question, there are of course several factors

that must be considered. First, curing the period of the proposed

space laboratory, there will be only one reliable booster system

available to accomplish the task, namely, the Atlap-Centaur. This

booster system has a fixed weight payload capacity for low altitude

orbits of about 4J tons. Figure 8 shows that 4 tons (9C.0 lbs)

would allow a space laboratory to orbit 4 en for a few dayu, 3

_ fo about 3 weeks or 2 for nearly five weeks. Therefore the
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space laboratory is limited to a maximum of four. The second factor

is the minimum number of crew members required to perform intended

missions which include manning the vehicle and performiAg experiments.

The inimum number of crew members to man a space laboratory

appears somewhat arbitrary. However, if certain safeguars are

observed along with normal operations, it points to a conclusion

that someone must be on duty at all times. Although every effort

will be made by designers to develop a cabin systea capable of

automatically controlling its pre-set terrestrial environment

thereby permitting the astronauts to sleep or concentrate on the

*xporiments required to accomplish the mission, it appears far too

risky in this new science to expect 100% reliability of the systems.

Other tasks requiring continuous duty would be radio commaunication,

surveillance of other crew members and emergency duty such as

quick fix for punctures or breaks In the cabin capsule, immediate

repair in event of electric power failure or other such operating

equipmeat. lt is true the'. television and telemeter comaunication

with ground facilities might replace a nan on duty and alert the

crew if eatrgencits prevail, but, this would require a very costly

network of ground stationc which are not available or expected to

be available during the period of the space laboratory. Since

someone must be on outy at all times, it seems in keeping with

men's standard practice to be on duty 1/3 of the day allowing him

_. 2/3 of the remaining for aleep, recreation and performing laboratory

T-%s ios'.nt .,"i.*n ,n..lorma, & fe'-, li', nj., a ', 4e!est of The Unled States *Mrn 'he niein , f the I(slor. t La*) 1,!:e )b
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tasks. (Laboratory tasks would consist of experimental ventures

aWbde the cabin, changing the gravity level in the cabin and

determining its effect on the crew and equipment, exrerimenting

with anials, optimising future spaceoraft hardware, et*.) Operator's

duties plus experimental tasks appear to be a full program and

would keep an astronaut quite busy, With this arrangement, 3

astronauts would be a min4m rew.

There is another aspect to the laboratory's mission which is

an important parameter in determining man's requireaents for future

spacecraft designs and missions; It is that of establishing & Man's

psychologioal and sociological adjustment to others in the isolated

closed system of the spae cabin. A three-man system would allow an

astronaut working contact with at least orA of the other two crew

mmbers through most of his working periods. This is essential and

is possible only with three or more crew members.

Although certain sociological peculiarities exist in groups

of threes, such as two joizing forces against the third, it appears

that this condition is not particularly valid on a daily schedule

since usually only two will be associating at any one e The

third will be off-duty reading or sleeping in his isolated coapartment.

One of the space laboratory's main functions will be to determine

man's endurance under extreme conditions of pressure, temperature

and atmospheric content at reduced gravity. It is very possible

(that one meber will become quit. 111 when his limit is reached

T iin dm one ( kdrabm oetisg cm eisuaw sto of t Liod Stsots mm the mesoot em Ealsemp LamS Title 18,
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and be slov in recovery. Under such conditions, even a threo-ima

crew will be overburdened with extra work.

It seems quite clear that a minimum of three would be required

for trips to the moon. The space laboratory would be more useful 7

if it were able to train crews and develop equipment for such a

mission.

From the foregoing disouesion, it is awent that a crew of

three or mora is necessary to man the vehicle, Your would out

the orbital staytime down to too short a duration.

In picking crew members, it would be rather unlikely that

fever than three astronauts could be found who were proficient enough

to physically and intelligently meat the requirments of a apace

laboratory.

3ince the spas laboratory has many functions, the astronauts

not only vil have to be adaptable to space flight, but must also

be specialists in particular fields to maintain the vehicle and

to accompllsh a successful mission. It would be practically

impossible to expect to find an astronaut cardidate who was a

*Jack-of-ll-trades.0 Be, of course, could perform limited duties

ia many fields, but more than likely would not be very proficient during

cases of mrgenoy. Three types of experts appear to be requireds
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two engineers and a medioal doctor. One engineer would be an

electronics expert. le would have a complete uderstanding of the

comminications, telemetor and electronic systems. He would be

proficient in theories of trajectories, guidance, navigation, errors,

recovery, etc. The second engineer would be an expert in operating

and maintaining equipment aboard. le wculd serve as an Inspector,

a trouble shooter, a mechanic and a designer. Since simulating

reduced gravity conditions on earth is virtually impossible for

extended periods, some minor re-designs or alternate systems may

be necessary on operating equipment or test 6quipment. The third

astronaut would be a medical doctor since most of the expeimmits

performed in the space laboratory will deal with man's ability to

perform in space. He will keep tab on the crew's physical condition

as well as to determine his limits during the various experiimants.

Although each man has a specialty, he must have a fairly

workable understanding of the others duties. He must serve his

shift as station operator and nust be able to prepare food and

keep the laboratory shipshape as well as having a well grounded

schooling In anticipated emergencies.

Artificial Gravity

2.ny problems of manned space flight woulO be eliminated if

artificial gravity (or centrifugal acceleration) were eliainated.

On the other hand, new problems are created. Perhaps the most

(fundamsntal ques'ons to be resolved by Tassel is the answer to

th~ jtmj f- cint i-i r.'J!M !11 3~IfeC? qj INhe . delerot # the United Siaves , n tye neiri n of the [Sp ,.- I A- ie a
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this problem. A few notes on the subject are disoussed below.

If gravity is created, the design of equipment aboard the

vehicle is aimplLfied because it can be built by long-adopted

engineerig gintioes where gas convection and liquid flow are

natural. Tooting of such equipment can be done on earth and reduotion

in gravity accounted for by appropriate formulas. Man also benefits

in that he maintains his equilibrium - he has an up and down to

orient himself. When be exhales, the warn gases rise due to weight

differences between warm and cool air and therefore he does not

rebreathe stale air. Also his body heat does not have to be blow

away with fans. However, rotating a vehicle creates problem in

communication, vehicle orientation, observations, eto.

Only short-term experi ente with true weightlessness have been

performed, They resulted in varying degrees of reactions on

personnel suoh as a p~Jaint feeling for some, while others suffered

from diuorientation and motion sioknoh s. Only crudely sim l.t-d

long-term weightless experiments have been performed, these min'

in water. it is worthwhile to note a long-taf. test simulating

weightlessness conducted and performed by Dr. Gravolin at San Antonio.

He imrsed himself in water for a week with only his head protruding.

He was allowed all the rest he needed and spent his hours operating

small lever@ unpoater when work problems were flashed on an

electronic panel. Frequent mtabolic checks showe4 adequate balance

Thl se' smbss Iwtol~ fhct tb inlmd dus. .1 as Wwted State w dla t# euq . a £uime Las t Ii 1l.
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of food Intake and energy output. It was reported that during the

week be only slept 7 hours. The organs of his body tuntioned

nosally, his bones end musole responded quitlckly to weightlessness

bat daily samadnatione showd his muolee were getting softer. Ax

Calcium and phosphorus left the bones and made him feel loo*e Jointed.

Dr. Graveli.s would leave the water for short periods during the deg-

but e said, *During the last few days of tae experizent, it was

actually a relief to got back into the watei.0

ISm.diately after Dr. Oraveline'e underwater experiment he

was put into a centrifuge where he blacked-out at a littte under I

ExperLnnts of this kind very pointedly show that problem of

wei, Atlee5nos and reduced gravity mst be solved before W*yAeMpt

at manned space flight.
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TASS_, - SPACZ LABORATORS WEIGHTS

(Three Atronauts - 3 Weeks)

Crew and personal equipment 750 lbs

Rp-entry capsule (Tas - Unmanned - orbit) .j I

Space Uabi (outer shesl pressurised, inner capu u., 0Xt•

Spae Cbininsulation & furnishinigs)

Zological syota 16W

Electronic# and Comi. (incl. antenna t oe* )

Attitude control syfst 200

Power supply (Batteries, fuel cel & equip.) 600

Rotation rockets, cable winch adapters, etc. 300

Instrumantation 50

Total useful load 9400 lbs

Centaur stage 3b00

Total orbital weight* 13000 Tbe

Based on orbital altitude of 200 n. mi. (satellite

lifetime 50 days.
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TASSI COL01CAL SYSTEM W ,lGTS

(Three asatrrauta - 3 Weeks)

Oxygen and Storage equipment 4W be

Food 200

002 absorber system 375

Water absorber or precipitator 350

Odor absorber 80

02 -, 2 cabin leakage 75

Water and distiller 100

Ecological system equipment 2D0

Total 1800 .bs

* Mott most wter available will be froa bi-product of fuel cell.

Weights and itaxi Ln above table er* iontative.
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Jature 2f 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 equator, al orbit is desirable for a

rendezvous operation because the vehicle passes over an equatorial

launch site approximately every 1j 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, restricts the vehicles altitude to

roughly 350 n. mi., no mAtter vhat its orbital inclination should

be. However, restricting the vehicle to equatorial orbits ojT 300

to 400 maxiimm latitlde apjcears to provide the most sheltered

region. lif the orbit be pilar, then radiation from sciar flares

becomes a hazard.

Oroit.el lifetime limited by the density and shape of the vehicle

ad the density of the atmoephere, determines the lower limit of

the orbit. Figure 9b shows orbital lifetime as a function of

S ,O'. .3j- 1 5, e Ife s C ' T -
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altitude based on 1959 APL; atmospnere and a of 10 lbs/sq. t.

CdA

Since Tassel is denigned to operate for a duration of 21 daysp

the curve shown that a minixum altitude of 180 n. it. will be

required However due to guldnce tolrer e nt or udcertai-
-

tes, a 200 n. mlA orbit aould reasonable. From the curve the

orbital stay-time of the 200 c. &i. orbit would be 30 days or about

timem the required life oi the space luboratoryf This margin .

is true only if tue vehilel's orbit to close to cirevlar. 1f

error due to guildance, propulsion or other equipment should take -

place, an ellip,6ical orbit may result and the totall staytimo

would depend upon the shape of the orbit and the altitude of its

perigee. Except in eztreae cases the vehille orbit would be

satisfactory.

200 n. mi. circular

92 min period

2 a = 15.65 revs/day around earth
92

For each pasm over t~e equator, the earth rotates 360 23

Velcxity of vehicle 25,280 ft/sec.

0bit P ggseaeip

With a 200 n. mi. circular orbit inclined 30c with the equator,

$the precession rate,6-n, would be approximately as !ollowsi

, ,- S1 I I I, ie i t (I I I ,I I II I I I I

r- I2 P".
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L. de

wberei

E x *ccntrirnity of orbit

R .e-rth radius, n. &i.

-aseai-.ajor axis

= orbital inolination

jD.,.QQ t ( _I, .s

k .. 0.00 x C8Z 0,866

. 7./ de

Thus, the period of precsaAion 1Lout

PF 1 = 511 days
7.1

If Tassel is tumbled In the plane of its orbit iamedL~ely

after arriving in orbit, the vehicle would p.'ecass tnru an angle e.

7.1 0/day x 21 days a 1490 at the en. of a 3 week stay nra.od.

* See Oblatoneas Porturbstion nf Elliptical Satellite Orbtsa, -

L. Biitter and A. Wheelan, J.A.P. Vol. 2L.' page 279, Feb. 192:7.

- ite !
vZ' S'L I~

n 
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The laboratory consists of three major bodies, the space cabin, the

earth return vehicle OaTc and the depleted Centaur system. Tho

three units arrive in orbit joined together. Before the laboratory

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

be removed to cable's length and the entire dumbbell shaped system put

into rotation. At .esent the depleted Centaur system is considered

only as a counter mass for the other two bodies for creating artificial

gravity. however, as the space program advances, the Centaur may

provide, in addition to the above, a remote platform for conducting

radiation experiments, communication experiments or may serve as a

housing for the laboratory's future nuclear electric power supply.

(A fuel cell located inside the cabin is the contemplated power supply

for the first space laboratory models.)

The space cabin and esrth return vehicle, OTasc*, comprise the

center of activity for the astronauts. Although Taso is a separate

body, it is joined to the cabin and a tunnel is provided for free

passage between the two vehicles. Tacc serves an a sleeping room for

the laboratory during orbital sta7. This is desirable primarily from

the safety standpoint, since rapid emergency departure fr)m the

laborqtory would require that the resting astronaut be out of the way

of others and in ascape position, thus, preventing loss of valuable

time during bail-out. Tasc's ready access to the cabin, its remoteness

from others and its quietness provides a therapeutic retreat for the

Thul mm,,ni oeu* .imto .I'loct,nl S h le d e hu o' how Uwbd Stabs wmSau Wn mmwrg of the (aufq Lws. ' ,- II.

USK Set 711 sE M TVhrw bmuww M e oee~t~ *I its costMpts In any -n b a wwuu tti ore= is proAkbta ai D a SIr;Ga L
FORMNO M-I UV 1 UI U N M f
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astronaut after a day of anxiety and strain, The constant, iosecapable

presence of fellow humans is considered to be a stressful situation.

Arctic explorers and others have described the disruption of crews

whose members came to hate the sound ana eight of their companions.

By treating Tauc as a separate room, it will provide this necessary

escape as well as utilizing its volume effectively.

Tasc is located Parthest 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 centjr

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 Lnd smaller in surface

area making it less penetrable than the cabin, therefore, it provides

the astronauts wit.h an escape ehelter to sit--out the hazards 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,

hermetically sealed compartment with fail safe devices for detecting

leaks. A minimum amount of human effort would be required for ite

operation aid maintenance.

MiameaI cais a V , " GOp ieflct theameea dsWW60~ of th .tsd Stes w ttim w , 2 wW ft sw apMt~. Title 18,
USC. OiNw 73 Wd 194 7W TM tjwums.wm of t) reyatm of its ontrto rmliy mW to an w h' a l lPer:ao is r.hitse '-. 1aW

FOMNo&I I I I I W L. 11 1I
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The cabin includes living facilities for eal-ng, recreation.,

washing and sanitation. Various stimuli such as radio, TV, gems, etc.,

would be available. The interior is planned to be comfortable, well

lighted and attractive. The work spaces, controls, instruL.nt panels,

etc, will be human engineersd insuring maximum efficiency of the

astronauts.

At each end of the cylindrical cabin is an entrance. One end,

the L.wer, is the hatchway permitting passage to and from the re-entry

capsule, Tasc The upper entrance is an air lock permitting the

astronauts wearing their space suite to leave the space cabin and perform

speciel missions outside.

it appears that most of the early missione performed by Tassel

will pertain to tests conducted inside the cabin subjecting the

astronauts and aquipment to vYrious space flight conditions at reduced

gravity. later research in rendesvous, rescue, orbital assembly, etc.,

will require modifhtation to the basic vehicle depending upon the

requirementn a. the time.

The basic cabin layout is shown in Figure 3. its structure must

be light-weight and capable of withstanding accelarations, vibrations,

aerodynamic beating, temperature variations and pressure differentials

encountered during ascent and during orbital stay. The cabin will

have to be hermetically sealed to prevent any appreciable loss of

atmosphere.

_ _ _ _ _ ___ 
4_ 

_ _-

Ni O•Am k m iam .tiing ow Wti" detgis 0 th t.ded Saitt the MO" of t bsWW1 I. I'la I$,
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The walls of Tassel are made up of three seotions; the outer shall,

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

withstands iAposed structural londs and acts ds a bumper against

meteoric penetration. The thermal insulation protects the inner

liner which is an integral part of the sealed laboratory.

The cabin consists of two floors functionally designed and having

several centers of activity. The lower floor contains three compartments

ssparated by structural partitions. They are, the batbrooa, the life

support equipment room and the recreation rcom.

The upper floor is primarily a work center. Ltperientation,

observation and the mo nitoriz of various systems is done here. A

control console, work bench, galley, storage, space suit closet and

the laboratory's electrical power plant are located on the upper floor.

Cryogenic f'luids for operating the power plant and replunishing the air

supply are pianned to be stored in insulated containers inside the

vehicle. However, it may be found advantageous to place them outside

in shaded vacuum depending upon weight and permissible boil-off rates.

A 500 X,%-hr. H202 fuel cell is planned for the laboratory's

power supply. 250 watts would be available for electronic equipment

and 750 watts for life support and miscellaneous controls, thus, the

fuel cell would produce a continuous 1000 watt output for 3 weeks.

The fuel cell is located near the control center for handy operation

by astronaut on duty. It ins placed opposite the control console

j allowing a more favorable mass distribution of the lab ys'y. Since

This doci~ t aif iaimatom VfewC the aMono Of~me gf the WNM~tdM"l wiwx t mwwn. te EzpmW4 Laws. Title IA.
US-C. Ssitxw. 7%3 -d74The tmt 'sioi' w~tei~ett eg its co~qtbeabi anuy mrio W an uunauthwod Prw s Pr ohibite by low.
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water Is the chemical. bi-produot of the fuel cell, its location allows

gravity flow to the ret room below and th6 galley by Its bide. No

pv Ing is necessary. Also, shorter, lighter-weight lead ines result
from the power eofe being near the equipment.

The galley is located on the upper floor which is away from the

sanitary facilities but near the eleotrical power supply operr-ting 7A

the food locker and stoves. Fume from the stove must be carried to

the air conditioning system by spetkal 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.

Tle *xa nuum o m ouw ffectft Mep fi-m e Me of Ift AWtAn wft~a te wmq of the lipoaqe Lai. Titke IN,
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An important fu _tion of Tassel is to determine the iliaits

of human capability when varying the cabin atmosphere. Although

humans can tolerate a great variation in their environment, it wiL

not be possible to obt4ain satisfactory answers to the extent of

these limitatics until an actual space vehicle is operating at

sero or reduced gravity.

It appears desirable for spane stations and espeolally long

range isterplanetary vehicles to reduce the cabin pressure to 5.5

psia. This would require nearly 100% oxygen with perhaps a slight

( dilution if necessary. Talking would be more difficult but fire

hazard would be about equal with that of 1 ataoaphare slcs the

oxygen partial pressure is about the same in either case. The

following is a list of a4vantages in using 5.5 puia cabin pres$irei

I. 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

tox-ic.

4. Structural irtegrity can more samily be maintained with

explosive decompression having lower pressure.

5. Structural deagiiz at lower pressure.

( 6. Caoin leakage will be less with leas iressure.

1eak Ts n al n--e es a,

A IG N
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Al.hough 5.5 psia appears to have certain bneficle , advantagea

its writs have yet to be proven by actual teat. For prolonged

periods at sero or reduced gravity, it appears beat, until other-

wise subbtaiUlated, to design for enrlreital 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 sinm'lting and autoatic maintaining

moderate terrestrial conditions of atmoapheric presbure, temperature

and air composition. By weight, the o..ygen concentration must be

controlled to about 25% (1 5%); nitrogen concentration 75% (1 5%)1

CO2 concentration below C. 5%; CO from amokij* 0.005% max; tempexature

700 F (t 100 F) and relative humidity, depending on the temperature,

about 35% L+ 10%). The air conditioning units and atmospheric

control equipant must be capable of continuous operation at any

G-level.

Beat loads In the cabin are considered to be .rimsr11y 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 tb'ro the insulation to the cabin Is

regarded as minor. It is anticipated that most, if not all, hear.

intercepted by the outside sh&l will be reflected or radiated.

External sources include solar and eesrth radiation, evapceLic Cf

~~~~~f Le~' 'e G ~ '. t '7 r. n T pi 4-j.u z' t. o A* -Dc T, I

C 3 K f-1 1, I"WIT A I

A '02 2, 11 Li I I I I LI. . . .
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stored liquids, Van Allen radiation, etc.

Ta remove heat from the cabin's interior, large exterior

radiators are provided. The process operates by passing cabin air

through am exchanger where its heat is carried to the external

radiators by a refrigerant (parhaps water). Shutters shade the

radiators from the sun as well as providing a control for this

refrigerant temperature.

General commarcial aircraft practice provides 20 cu. ft. of

air per ainute per passenger. Keeping with thisi established

practice - the space oabin iir with 1200 cu ft. volume woula be

charged every 20 minutes or 3 times during an hour. The air in

circulated through ducts of ample size so the flow is kept low

in the ducts and far below draft level in the living and working

areas.

if the air conditioninC unit should cease fuLctioning 1200

cu f,. of air of standard atmosphere would contain about 24 cu ft.

of oxygen per astronaut. This would allow an uraccliatized

astronaut to carry on light repair work for 12 hours before te

oxygei. partial pressure drops below the 113 m& lig rcinizum wnere

oxygen masks must be used.

Heat Load Calculationa

The following etiaete of co'i tb load gives the amount of

air required for clrculatAQn ano the amount of refrigeration required

A 7.' ' 2 'O'



I

I'I

REPPORTLAI _ .---

CONVAIR ASTRONAUTICS PAGE

to maintain proper living conditivns. It in asmumed that in aD

alerage situation, ont astronaut wouli 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 w 380 BTU/hr

2 working x 8 O "

Astronaut Total = 1240

The fuel cell is assumed to b 65% efficient, therefore, of the

85O watt output the fuel cell is generating M w 1310 watts

of total energy or 1310 - 850 w 460 watts by heat of reaction.

460 watts x 3.413 1570 Btu/hr

850 X z 2900

Total f'e! cell 4-70 a
enerly

With cabin conditions to be maintained at 700 F, 35% relative

humidity a assuming air velocities of 15 to 25 fpm, the A.S.H.V.E.

comfort chart gives,

wet bulb = 550 F

effective temp. = 650 F

I.

~'*~ 3~-~en ~G'!~ ~ -t nal.,1 4 n ' dke ir .'e Staln ~i v l ' 1ed flr i l t onallt L.AS I!
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Of the 1240 Btu./hr from the astionauts a portion is given up

as latent heat by moisture evaporated into the cabin air and a

portion is given up as sensible heat. At 700 F, the heat loss by

evaporatioia is 100, Btu/hr/astronaut (men seated at rest from

A.S.H.V.E. Handbk) or 7c0 grains of mlsture/hr/aetronaut.

Latent heat = 3 x 100 x 300 Btu/hr

Moisture = 3 x 760 a 2280 grain/hr

The sensible heat loss from the astronauts = total loss - latent

beat los

= 1240 - 300

W 940 Btu/hr

or 76% of total loss

The total cibin sensible beat rates with 25% added for peak outputs

(astronauts 4 fuel cells) 1.25

(940 + 470) 1.25

6760 Btu/hr

Since the cabin is provided with three air changes por hour

there are 1200 x 3 or 3t,00 cu/ft. of air puapbd through the air

conditioning system per hour to maintain the 700 F and 35% relative

huaidity.

3600 cu. ft. of air weigbhs

W z (/Z.7 141 1 1,

RT 53.34 x (70 46)

(1 270 lbs.

sec[ . e !ons, '93 an:j .; t4 I'e "an$t ,'. I' e iea: _"- ':, . . .% n a' l, ,. :C ,: ,. '-I L[eo n. £0.b by'.
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The temparat,:- -ifferance (At) beaen iicoulac ar from the

conditioner and cabin air in order to handle the sensible heat load

of 6760 Btu/hr Is calculated from;

Qa = w Cp(at)

A t Q
W Cp

270 x 0.24

100 temprature difference

thus, the duct air ar~t be W00 F. In order to retain 35% relAtive

humidity 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, from a 'psychrometric
270

chart" duct air must enter the cabin at b00 F and1 39% relative

hu5idity. Wet bulb team. of 48' F in order to prcovde cabin comf-ort

of C) .L aid 35% relative hutziiity.

Tn ,r ( .&,r ' ,. of water per hour caL be removed

by the high capacity magnesium perchlorate Mg (Cl 04)2 or other

dessicants such as calcium oxide, silica gel or Linde molecular

@ieven. Between 2 to 3 lba of - (Cl 04) 2 are required to remove

1 lb. of watr. Thu5, from 0.65 tv 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

a& oUit or the ci.ema.cai coula be carried with provisions for

y . regeneration. This can L-e done by exposing a portion of the

S rr nl92 r. 4'3ej" n t- F i re rel 4 e r.,: -. Me -j, le n! 'e - #he i*2'1:,c4 e'Lw, 1,--t I

S-_-- _
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Chetcal to the outside vacuum while another portion ia in operation.

Or, by lettirn dhis humidity raise during abort periods of re-

generation.

Aaotber ponsibility right be to harness the reaction heat from

the fuel cell anu use It to drive a refrigeration system that will

precipitate moibtur from the air as well a3 cool. The refrigerant

would be cooled in the external radiators radiating to space at

ppxiately 1800 R and towsrd earth at approx..astely 400( R.

Shutters clsoe whon directed toward the sun.

&o maintain the cabin -ap6r1atii6 at 70n i, the air must be

pumped tbhrvugli a beat exQa~iwer and cooled to 6o F.

A ,' 2 2 11" 1 U L 1 I IU V-L
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Every reasonasia procautlo will hvs to be taken to develop

an air-tight space cabin. A tpecia.l rubberized nylon inner liner

wiil serve to contain the cabin air. If weight permits, this liner

may be self sealing. In spite of the precautions taken, it is

believed that it ii very improbablf that a 1X$ permanent sealing

of the cabin can be relied upon. any fittings and coanort.ions

pas tbrouth the liner and during ascent, the vehicle will bo!

rocked and vibrated severely. This will create strain on the inner

lizer and may possibly develop infinitesinl sal joint leakage.

( The air lock doors aro the Joint between the re-entry vehicle and

the cabin also lend thewelves as possible sources for leakage.

Although the amount of leakage is arbitrary, some allowance must

be aide in the air requirezeuts to handle such losses.

For example, &sauce a hole the diameter of a fine hair (say

rL&!-"uwsndih of aLn inch' exit g sir f.-r tte cabin at r De

atmosphere to vacua outside. Assume also that the hole has a

nozzle coefficient of w'ity, allowing the air to escupe at sonic

velocity. This is a conservative assumption, but illustrative.

The area of the hola wo,',J be zibou- 10- sq. inches and the volume

of air escaping woula Le:

V A

~ iT~i44 a11W0

7." x 10-4 cu ft/sec

Pt I
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The unit weight of the' escaping gas at I atmosphere and 700 F is,

r JL/ .7. x I" 7. 10"4!.
AT53.3 a 5-30

r. 5.72 X 1- l" i bef/80C.

For a 21 day mission the total delght of osouping air would be,

W= 5.72 x 10-5 x St,400 x 21

= 104 lbs

if the kre-.ure were reduced to 5.5 vtia, thbn. thee w:,)Ilr

only 39 lbs of air escape under the same conditions.

Since the cabin will probably bo operated part of the tiiz

at 14.7 and part at 5.5 psia, the avurege weight of escaed air

would be about 7, iLa. Five pounds will be neecod ior the increased

size of the air suppiy container, thus reasultinf i;, weight cost

or 75 lbe for extra air.

~~.' t\ 0~-. -.. tsa. ap;dj'. ~ . 1e
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The lbree Astronaut apacs apsu:.e* Tasc, is designed along

the same baic lines as th~e NASA Mercury ty-pe capsule rathber than

along tbe lr of a glide vehicle. Although a glide vehicle possesses

cort~n advantages such as Lvtter controil and reduced deceleration

during ro-Wx~y, it has large surface areas which makes the vehiole

larger and )Ysavier than the ballistic t"p. hiowever, some modifications

such as ad(Ing control flaps maky be aAached to tha basic ballistic

capsule, W provide some egree of lift and control. But, until the

teiahnology of constructing light-weight glide vehicles has been

achleved, il appears to be moat likely that payload disainds will

favor the ligi'ter weight ballistic body ouch as shown in Figure .4 and

Figure 5.

This design; araws on the infort-atior, experience and technology

z:."- ±a the Mercury and ballistic missile programs, It

n-we .i mile desurable tradcoff of paloaa, parmaitting either a

larger crew or fli.ghts of longer duration.

The space captoile'a primary function it, to protect the astrionauts

during ascent and during re-entry. The capsule is considered to

be simply designed, co3pact and easy to develop, Its configuration

is predicted on the :apsules usage with advanced space progremue

such as the space a-bcrstory, lasitil, rescue and recovery operations,

rendsamvus expori.v -.a mAnned photo reconnaissances programs, lunar

encounters, stq, w . -,j it 16 desirable to have a multi-astronaut

ODI W -4E2-2~
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Tame is designed simlar to thes ono.-zan M~ercury capsule,

Its maln configuration difference is In it~s larger body for hiolg

3astronauts and its possession of two access doorej one in the

center on top surrouzjoed bjy parachute canisters and the other on

tAIQ conical frustum portion of the capsules side. There will be

system differences such as in electronizs1 the life support system

and structure since advaneementa in the state-cf-t-he-orts hove

brought~ forth new Ideas &ac knowbow. Also, the casl.e more

generalized purpose andi its extended mission period* will introduce

certa~in functional differences that will dictate arrangements anid

modifications to the basic capsule, depending on the capsule's

prescribed mission.

Since re-entry ia the greatest deaign consideration, a flat

curvature hat-shield of the ablative type is shown. To be

aerodynamically stable during roe.rdry, the capsule must have its

of e"tsr -- * i . UL ti reure. h instrnaEf

and the heavier intorrial equipment us~t therefore be locatpd as

close to the heat hMld as possible.

Testa have shown that ma. can take acceleration loads against

his back better them in other directions. Therefore, the astronauts

m"t experience the ascent acceleration and the re-entry deceleration

in a supine position. This dictates their positloi in the capsule

and the copetee atttude rel1-tive to the bicostiir.

TM~ ifuto coetwus vftnefsctrn~e tN *I 60w ofm. fte Unitd Siton within the mwflvr of the EAC~onsp Levi Titit Ia.
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For capsule stability anid reduction in heating during re-entry,

a cane shaped afterbody appears most desirable. The apex of the

cone must be modified somewhat for a center access door ano canistere

containlng parachutes for the final descent.

Since safety of th, astronaut is paramout, there must be a

oependable escape sybtor for p:oe during launching and booster ascent.

This is provided by using emergency rockets to launch the capsule

off from the mssile'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 i.ozzles of the escape rocket wll

be canted to eliminate the mair, blast from strikine %he capenule.

The centerline of thrust is at a small arle with respect to the

missiles centerline providing onough aide component to send the

cape .- ue off at an &aile thus .j-lowing curing escape, a safe margin

of clearance with the ascending missile. Another Lasic purpose of

the tower is to provide stability in forward flight during escape

by moving the center of gravity Sway: from the heat shield and

toward the escape rocket. Tht tower is jettisoned after successful

ascent a&nd the center of Cravity then moves back near the heat

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

TNs oweim m l craa Wute wflctk-4 the fWOM d s @4 of e Uted sws wytwit rt mem ,4 of &@ Ei*p on Lm . TIrti 11,
UIC, Sctoe 713 o 714 The t misoe ot Sw fr.4stkc ohf t t Contents o P e r t Si w .UtVWiOr pW4 3 PfuA W 07iiC &I ra ""

0 1



ui1PtLAt

CONVAIR 'S RONAUTICS

The c )llue during ascent and re-entry will utiliat aa open

or ee- -: GOC.i6ei s=8.ert Lased or stored food, water, ci4te. ,

etc., &no 4M exlst"nN eloctr!;i. arnd comuxiicatlon systeas. During

orblitl stay, the ecological system of the parent vehtcle will

sup)l the cajBule with atmosphere and power.

Since Tasc is too heavy for the Atlas alone to place into

orbit, it is necossary that an upper stage be used. Fignsre 6

above the capsule being launched by an Atlas/Centaur. qhe mre

t a ufficiont izpulses available by the Centaur makes it an ideal

upper state for perfecting orbital rendezvous isslonis 9iice it

can allow trial and error operations in orbit. The table below

glives the approximate weight of the re-entry capsule Tete.

Without with

Launch Condition 4400 lb. 5000 ibi

Orbital Condition 3400 0 4000

Entry Condit-ion 2800 03400 6

Note Orbital condition is less the escape tower &no rockets.

Entry condition is less the retro-rockets.

T" s c~~ woww* kinomtion gfletw4 tho M~as"Gew si ft 1*'1 $Was~ .ftm a P"MV ofa.M .Em tus irs L's i.
UC. ho.tave M~ &W 7U4 The smmu w no. ICYIIv of fti conts~s io " ma.'., to a W Ph1 O is pfa-0,1d by IVF04 W T1 Ilml ,~l m I# Ut L~ll $im4 L a t Tl
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Since one of Tasssl:e prime purpoass 13 to establish max 'a

physiological and psychological limits in spave, it is necessary

that the vehicle have as much versatility as possible to support

such experiments. One i-;,ortant characteristic of Tassel brtad-

ening its usefulnesis is its ability to provide and vary the G-

i level in the space cabin. G-level1 is accompiishsc by cable

connected masses rotatlin about their ccnmon center of mass. One

of the maames is the space laboratory while the other is tbe

empty Centaur tank. When the system is provided with angular velocity,

a G-le.'el is produceu. The G-level depends i.pon the length of the

cable system and the velocity of rotation. When the eyete is

rotatin,? and the connecting cable is shortened, by corservation

of momentum, the system increases its azLular velocity which is

accompan-e by aii increase it, the C-level. Tassel has a wipnch on

the cable to provide va-riaLiOn in G-level.

The following section iscu-sses quantitatively the characteristice

of rotatirz. the cable connected bodies about their co,:,on center of

mads.

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

a 200 n. ml. orbit (F'gure 7) of which part is payload and part

is the Centaur stage. The resolved weights of tLe payload and

the Centaur are about 9,400 and 3,600 Ibn respectively. (This is

4L=

t I I
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estimated on the basis of the 3,750 lb C.ttaur where included are

93 lbs of autopilo', 157 ibs of guidance, 20 lbs of inverter and

power change-over equipment, 30 lbs of batteries, a 20 lb

tran ponder ard 275 lbs of speciekl installations for Tassel such

as cable, cable attacehmets, rotational rockets reinforcements,

controls, etc. Xemoveu frott the basic Centaur aret 39 lbs of

range safety, 303 lbs )f telcmeter equipment and 90 lox of

batteries.)

The comnon center of mass of the Tassel system is shown

in Figure IC.

_ A

940 -b 360 lb

i O L C,2177 L

13,000

Figure 10

Center of Mass

uI vr I u A L
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The systems moment oI inertia about the comwn center of

Mass lIe
J M . 2774)2 + (°"723")2

32.2

22.4 L2 + 58.5 L2

= 80.9 L2 al - ft 2

Note For sirplicity, the moment of inertia of tho

individual masses about their own C.M. is regarded

as negligible. A plot of the system's moment of

inertia is shown below.

60

50

! / ._ _ _ _-_

- /-
o 30 7z
0

0 _

0 200 400 00 800 1000

L " (Length of cable y..rn) in feet

Figure 11

Tassel System Moment of Inertia

A 8'' 0 bi4ACNftf,-rNAL
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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

centrfugal force of the system rotating about its own center

of mass. The artificial gravity created as a unction of angular

velocity and system length is formulized from the centriAugal

force equation (F = inr) equated against the force in the second

law of motiun (F = a) i.e.,

a , m a

a W W2 r

wheret

a = acceleration (ft/sec 2 )

W = angular velocity (rad/sec)

r = radius of rotation ('t)

To express the artificial acceleration G in the cabin of Tassel

in terms of rpc and system length Li

(ran/sec) = 0.1047 (I1PM)

r = 0.277 L

G = -
32.2 32.2

G Lu Lo1047 (R~)j20. 277L
32.2

t G X 9.41 (Rp) 2 L 10-5

I I A'I I II I
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Tho rotationul velocity of the system as a function of

rtem length for vnricue induca G-levele is shom in Figure 12.

It should be notod that the acceleration a , ti.e Centaur tank Is

2.tl times that in the cabin eir.ce its radius is this factor

greater from the system's center of mass.

Once the space laborator • is set into rotation it will

maintain a constunt tanbulr velocity ai1d provide a steady

artificial gravity. Yowever, it may be desirable to produce a

greater or less Lrtvity .evel if a particular test requires, or

if necessary, to provide a higher gravity level to condition

the crew members for their return trip thra the atmosphere. To

aocomplish the task of varying tho iravity, a vincA is placed on

the cable. I1 C.- reel in and shorten or reel out and lengthen

the cable. Since a constant angul&r momentum is maintained in

the system, reeling in the cable will tend to Increaeg the

rotational velocity and in turn increase the gravity level.

The angular momentum of the system iss

Ja 1 1i - ft2/se@

a systems moment of inertia al - ft2

LA-) angular velocity red/sec.

Ji = 73.2 L for Tassel

"kl L2

US' "! 0' I. 'r.e~.d J" .- 'I~... j nc fJ1l D td~', 4e '0-es Q

A .,, o2 U l~ Ui[ I N rL--
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The gravity level (G) produced by rotation lt

Sc 2 r

32.2 32.2

r a radius to center of mass K2 L then, G r k3LJ2 L

from which

substitutine in above equation angular mQmentum may te expreass w

in terms of G-level and CaLla length of aystem.

k1 L2  k, ( )A t
-k 5 (GL3)i

(notet for Tassel k5 = 820)

By squating the angular momentua of the sytsten'E initial

conditions with the angular momentum of a new cable length &no new

0-level, the new cable length (Ln) is derivod at:

k (GL)) - kr %/Gn L3DI-

L G )13
I G --

-1 F I N Ii I -I.
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S7

1.0*

4 0.4b

0.27

0 400- 400 weo

L (Lergth of cable syetom) in feet

Figu2re 13

Constoat Aingular Momentuin Curves

--- T ~ -T I

A 300

0. Ir10

dLO 100600CO lo

IL L (Length of cablo systom) in reet
Figure 14 Decrease in Cable !ength Required to Increu±ae 0-Level. from~ J/6 G
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"'us, if initial coxidxtior.s were L 500 ft cable and 1/o G,

then, to produce 1 C, the cable .ength must bet

g~ 500(

a 275 ft.

T .e plot below shows the effect on gravity by varying the

cable lengtb for various constant angular momentums.

Energy of Rotatir _ Systemi

~The Tassel system Ly nature of its rotation possesses kinetic

energy. TI-ds energy must be imparted to the system L-y rocket#.

To compare the energies of vario us rotational diameters and G-levele

the fullowing quantitativo analyois is madet

K.B. %ft-lbe

Jn=systems moment of inertia

80.9 L (for Tassel)

= systems &ngular velocity in rad/sec.

C.1c47 (RPM)

C = 9.41 (R 2 L x l "-

F|

0.' '2 &efNfftfN4A L

L
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then, X.E. , j (80.9 L2) (U.lC.7 RI .M2

• 0.4 2 i, (L ,') 2

= 0.442 L (G x10.S)

4 4700 L (ft-lb,)

where L = length of eyetem (ft)

G a gravity level (ge)

A plot of the kinetic energy for the rotating ass estem is

depicted in Figure 15 belo

_ 1 , ., _

----- ----
2L

0 204 600 800 1000

L (Length of rotatinE system) in feet

Figure 15 Knetic Energy of Rotating Tassel

....................... . . ,...,.............. ... .A. .
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To rotat the two males, thrust muot be applied normal to

the cable certerline. Since 50 lb hydrogen peroxide units are

already desifne4 for the Centaur. Trese would be satisfactory

units to uie. in reality, It a not be desirable to place a

thrust unit on tLo cabin as well as on the Certaur tank, but for

this analysis, it is asaumed ti.ere is thrust Imparted to both

bodies. 50 lbs of thrust is ap-lied to the Cont~aur t.ank at

0.723 b feet from the oenter vf rotation (center of save). Its

moment of inertia about the C.M. is J% = 58.1 L2 .l-ft2. The

cair is .7 L feet from the C.M. with a Jo z 22.4 L . The

amount of thrust (F) required at the cabin to provide same an l"

accelertion (-<) and angular velocity (W) an the Centaur tank system

ies

T (torqe

r (radius) r

Fr r, Ft rtor -

Foe U t X -=/"°
~~ re(--

then,

F 0.723 L T 224 L2
-

C T~ t 5 .5 L2' ( . M L)
F¢= Ft (I)

-'. r J2 -*--- - -
L

-
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Therefore, t Aa tinrut at thc cabir. in the same an the tia.-ust

at the Centaur, i.e., 5C l0. norma& to the radial centerline.

The acceleration of tt-e system witL 50 lb thirust units mi. nted on

eaCh ISjX 13,

Ftrt FOrC

Jt Jc

a 50 x 0.723 L5 8.5 L 2

= 0.018 i

L

The tctal impulse (I.) of the system in torma of RPM and

length of cable systems (L) is,

it  - (Ft 4 Fc ) t

t = ouratiou time of firiiL

, (rad/sec) -

x (0.1047 RPM
0.618

then for Tassel, It = 2 (50) 0.1047 (RPM) L

0.618

= 16.9 (0P) L

or it = 1740 -

A C,:Et TiAL-
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The tinti(t) to arrive at the desired RP4 with two 50 lb thrust units

is$

t= It = It • it
t a a__ z 1  U 1

F 2 x 50 100 (s )

nt d& t are plotted in Fig. lb and Propellant weight required

plotted in Figure 17 against L.

It 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/b G

with a 500 ft cable requires 98 Ibs of H2C2 propellant Fig. 17.

From the constant anrui~r momentum curves (Fig. 13) by shortening

the cable with a winch after achievirA 1/6 G by rockets, from 500

to 275 feet, I G can be realized in the cabin. However, if 1 G

were to be required with no shortening of the cable, then from

Yg. lW 180 lbs of !I-A would be necessary. This is 82 lbs less

H20 2 . Of ccurse, the weight of the winch and the power to operate

must be Included to provi.de a h realistic comparison.

Assuming a Y'u- with a capacity of 5 tone (sufficient to handle

i G at the cabin) prvvided with an electilc motor. 1he hoist would

nave a worm drive to lock the orum in any pesition where the motor

stops. Assumed is a uO:l gear ratio wm with a 6 inch average

diameter drum and a cuble capacity 6f 225 ft. The input motor in

astuaed operating at 120 rpm with an efficiency of 8b%. Acording

AC. uur vENITiAL
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tc tbe Do Laval Compa".i, their emporical formula for worm gearing

for best thrust bearings is ew = 1 - 0.005 ry where r. a speed

ratio of worm and gear. Thus for bO to I ews 1 - 0.005 (60)

0.70 or 70%. The combined efficiency of motor and winch in then,

e- , el M 0 7 c X 8. BG - O. GO or 60

Each rpm the drum reels in = 1.57 ft. With a 120 rpm motor, the

120cable reels in 0 x 1.57 = 31 4 ft peat minute which would require

a time period of 2 = 72 minutes to shorten the cable from 500

ft. at 1/6 0 to 275 ft at 1 (., From Fig. 13, the averaCa G-level

with respect to operating time is approximately 08 G. The average

weight moved by the winch would be 9400 lbs x C.38 = 3570 lbs.

The worl done by the winch is 3570 x 3.14 z 11,200 ft-I.bt%/miute

or 11,200/33,000 = 0.34 j.P . The electric motor would require an

input of = 0.567 i-P or 422 watts for 72 minutes (0.5 KWH).

he peak load will occur as the system is approaching the 1 G

condition at end of run where the power required -is wattb. Min

is close to the 850 watt output of the electrical Lzwer fuel cell.

The weight of the uinch, motor, electrical cable and control

is assumed to be about 50 lbs. The 02 and H2 fuel and tankage for

0.5 KWH burned in the fuel cell to provide power to the winch would

be about 2 lbs. 225 feet of 3/8 cable 7 x 19 (breaking strength of

14,400 lbe gives 50% safety margin) weighs 48 lb. with fitting.

The total weight of the winch system with the extra 225 feet of

cable weighs approximately 100 lbs.

-'.'~~~~: .. 1 : I1,:EI-11
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As aetioned in the example above, 180 lbe of propellant would

be required to initiate 1 6 spin with a 275 foot cable system. On

the other hand, with a winch system it requires only 98 lbs of =

propellant to initiate Dpin to 1/0 G with a 5=-0 foot cable, then,

by reeling in this cable to 275 feet, a 1 G level is achieveo.

however, as calculate-- above, aiiroximately 100 lbs for the winch

systam must be adde, to the 98 lbs making the winch syatem about

18 poonds heavier tbar. the direct cable s stem.

The above example is cLalcU _,-o for only one condition but

serves to point out that by aoding a winch to the cable system the

versatility feature of changing G-1evels may be had at relatively

small if any aduitional cost to the overa.l weight.

Coriolis 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's motion. An example which most everyone has experienced

is tb&:Act of walking toward or away from the center of a merry-go-

round, while it is In motion. A person tends to veer sideways and

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

period of rotation anc the velocity of the persons motion toward or

away from the hub. in space station design, the coriolis acceleration

may become rather annoying to an astronaut if he is producing his

e j d
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vertical acceleration by high rpm about a short radius. In 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 mving from one floor to another in Tassel or moving one's

hand uk or dovn while operating controls, a motion of 3 ft/sec is

believed an averafe velocity to be considered in calculating the

Coriolia acceleration. The followirg curves show the effect of

Coriolis acceleration as a function of the space lab's RPM. It is

basec on the formula

I. T
T = period of revolution (secs)

= radial velocity (ft/ec)

a = Coriolis acceleration (ft/3eo
2)

2.C'I - Ir-rI
V Y_

14

1.2
I

0 0I

1 2 34

RPM of Space Laboratory

fig. 19 Coriolis Accel. vs RYM for various radial velocities

0
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An e zple WitI, thc aid of the Craph above$ An a.trQnaut AA

*.1 space station rotatln at 2 rpm raises his hano vertically 3 ft/sec

i towards an ob'ect 3 feet directly above. if h'e did not restrain

hi-, zotion, his hand woull tend to veer (S a &t 2  1.26 (1)2

C.(3) 7J inches to the objects side.

To fur ther the oiscussion, suppse tho astronaut unuer low

vertical acceleratica is jumping from the lower floor to the upper

tlxu the hatchway'. If he Is r;ot cautiOUs hu could voer .ideways

oaou~h to bang nilzself ainst the side of the hatchway or perhaps

crack his heau on an obstruction abovc.

Although Coriolis acceleration will be present at any angular

velocity, its effect is more noticeabl6 at lower gravity levels. For

instanco the space station Tussel rotating at 2 rpm with a cable

system 27 feet long would produce 0.01 3. The Coriolis acceleration

at 3 ft/sec radial velocity at 2 rpm is C.039 G or aimost 4 times

the vertical. '.;ith this criteria, an astronaut euppsediUy

jumping vertically would in reality veer off on a 750 angle with his

vertical. This example may be an extreme case, but refering to

Figure 8.o which is a graph of Coriolis acceleration to vertical

acceleration for various length cable systems and various rpm, the

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 waich means that a radial

velocity of ' feet/sac would veer an object off at 450 angle. The

L I4r)
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tentatively design standar for Tassel havinh a 500 foot cable system

at Z rpm provices approximately 1/6 f vertically anu a 20% side

coriolis acceleration. For example, under these conditions, water

being roured into a glass 12 inches directly below the pitcher spout

would pies the center of the glass by 2.4 inches. This could be

rather disconcerting if allowance were not made.

It is believes ttat the tolerable level of Coriolis acceleration

will be a deciding factor when cetermining what length cuLie system

should be used. Dr. Thomas H. DLsvis, M.D. of the U.S. Army Medical

Research Center state! in Atlantic Monthly that "rotation creates

. an interesting but disturbing set of mecical problems associated

with the organs of balance. if a man or an animal is rotated
ano the axis of his vertibular apparatus i] changed, as in nodding

or tilting of the head, sone woncerfully fantastic anc Lighly

disturbing results take place, similar to those we experience during

a ride on a 5uer roller coaster. Very few individuals can tolerate

much of this. ,ome vomet, some mnage to emerge with only a pale

green complxion, and otners have had to go to bed -o recover.

Current research has ccne much to delir.e the peychophysiology

of the problem. The a&verse 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 havc a fairly

a rapid ability to adapt to the effects of rotation.'

-'t' v l II I r" 4 I TA L
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The following two illustrations are from an earlier Convair

report No. AZP-100, by F. D'VIncent, depicting % Two-astronaut

space laboratory. These illustrations are included as an addendum

because the Tassel design concept has been patterned after the Two-

astronaut systes.

In general, the game design philosophy exists for the two concepts.

The laboratory, suppll.es, re-entry vehicle and astzonauts are

boosted into orbit as a unit, thus eliminating the need for orbital

rendezvous. The depleted Centaur tankage is used as a counter-mass

for providing centrifugal gravity In both designs.

Variations in detail design between Tabsel and the Two-astronaut

system are itemised as followes

(1) Tassel orbits 3 men for a duration of approximately 3 weeks.

The Two-astronaut system orbits 2 men for about 5 weeks.

(2) Tassel's design is based on a newly-developed re-entry

capsule accommo6ating three. This new design features an

.access door on top of the capsule, increasing the capsule's

usefulness as an all-purpose re-entry vehicle and its

adaptability to various advanced space systems.

The Two-astronaut system employs a modified Mercury

capsule design with a minimum of rework.

This OmCM,* conrlirs 'w4urwa1i steocti e the ^stoo" 0d6etu of the Unted Sate within th-e 1 ofMt (f the iao f em. Title 18,

USC, Sectoan 793 xW 794 The triwmiswon o the tevellie of its Conteftl ,m ay m to so u~eAhwid Wrsou is p'tbited by low
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(3) Tassel requires that its re-entry capsule be Inverto in

orbit, miaplifying access to the space cabin and allowing the

capsule to be utilised as a separate room for sleepkn.

This is also very desirable from the safety standpoint.

The Two-astronaut aystem 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 centrifugal gravity

created by rotation acts In the wrong direction with

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

thriow the astronaut out of his couch, making the capsa.la

unsuitable as a sleeping room. Ahie also means that, prior

to jettisoning from the laboratory, the astronauts must

strap themselves in their coiling couohe.

Vi
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FIG. 21 ORBIT IWO-MAN SYS. (REF. AZP-100)


