
VOLUMETRIC SIZIIIG RATIONALE

fotn

I'IANNED SPACECRATT

Brand Norrnan G rl ff i n
Tul ane Uni versi ty

Advi sor
Al len J .  Louvfere,  Chief

Spacecraft Desi gn Di vi sf on

August* '1977

Ini ti al stud'i es toward i denti fi cati on of
tlftuencing vari ables and a_ pr€cers lt,rougtr
which mission responsi vg volirme can be ,deiermined.



Gol den Vo]ume

There isn unfor tunately,  f lo  golden vo]ume, dt  least  of  the universal

constant  var iety,  The task of  volumetr ic  s iz ing for  manned.spacecraf t

i s  inherent ly  cumbersome and complex ,  in  fac t ,  qu i te  the  an t i thes is  o f

th is  ideal .  At tempts to genera ' l ize 0r  ,udu.u th js  s isyphean ef for t  to

convenient  abso' lutes or  a l  l  - i  nc lus i  ve ranges,  Recessar i ' ly  resul  ts  ' !n  a

product  of  l imi ted usefu lness.  AJbei t ,  the Dovr Jones average serves a

purpose,  i t  is  not  the order of  in format ion desi red for  indiv idua' l  s tock

i nves tment.

Methodo' logy

This report  begins to out l fne an approach whereby responsive vo1umetr ic

parameters can be detennined. Precess and not product, fs incorporated

es a volume determining technique.  This a l lows the user re lat ive f reedom

to  man ipu la te  the  var iab les  accord inq  to  par t i cu la r  miss ion  pro f i le ;  a ' l so ,  i t

avo ids  the  inev i tab le  p reconce ived so lu t fon  impf  ied  by  r ig id  vo lumet r ic

project i  ons.

Performance
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Performance-inf luencing refers to that family of act ivi t ies which

ind i rec t l y  a f fec ts  miss ion  goa ls ,  t yp ica l l y  ea t ing ,  s leep ing ,  e tc " ,

whereas,  per fonnance-rated act iv i t ies actual ly  compr ise the mission goals

and are general ly  exper iment  or iented.  By being "rated" these act iv i t jes

can be rneasured against  exper ience (actupl  or  s imulated) and are cal i -

brated by t inre and cost* .  A fa ' i r  analog is  avai lable in surgery,  that

is ,  t ra in ing  is  requ i red ,  each case is  s l igh t ' l y  d i f fe ren t ,  ye t  the

operation nomi nal ]y u-akes x t ime and cost y amount.

Paradox

Thfs d iv is ion announces the s ignf f icance of  per formance- inf luencing

act iv i t les as a constant .  Essent ia l ly  every miss ion must  prov: ide for

ea t ing ,  s leep ing ,  hyg iene '  and the  l i ke ,  wh i le  the  per fo rmance- ra ted  tasks

change f rom mission to nr iss ion.  They become, ds an e ' lement,  inc luded

yet  uns ized,  s ince  the  spec i f i cs  necessary  fo r  vo lumet r ic  a l lo tment  a re

taken f rom part icu lar  exper iment  requirements.  This pofnts out  a cur ious

paradox: The acti  vi  t i  es whi ch are "on' ly" i  nf I  uenci ng remai n constant

Yet ,  those fo r  v rh ich  th is  mfss ion  is  ac tua l  1y  in tended are  var iab ' te .

Cons ider ing  subsequent  des ign  dec is ions ,  th ' i s  o rder ing  cou ld  eas i l y

mani  fest  i  tse l  f  phys i  ca ' l  1y.

Procedure

The procedure to determine responsive volume invo' lves three steps.

l .  F i rs t ,  based on  the  miss ion  aescr ip t ion ,  dn  ac t iv i t y  scenar io  i s

constructed .  ?. .  Then,  the re lat ive inf luence of  vo1ume adjustment

*Cost in this case refers to metabolic rater oxygen consumption, fat iguer etc.
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fac to rs  i s  es tab l i shed,

Fi nal ly, actf vi  t i  es are

i  ntegrated.

\  J .  The ac t iv i t y  scenar io  i s

an assemblage of  ant ic i -

pated mission tasks.

Most  o f  the  co l lec t ion  is

selected from a l ibrary

of acti vi ty profi 1 es ,

however,  unique cases,  which are not  cata logued,  could be s imulated,

then inc ludedo

2. The volume adjustment factors compose a l ist ing of determinate vari-

ables which record th:  in f luence each has on an act iv i ty .  The

governing factoria' l  value is then applied to a nrf nimum surviveab' le

volume producing the nrodi f ied vo ' lume part icu1 ar  to that  act iv i ty .

Requis i te inforrnat ion for  determinat ion of  these vaJues is  obta ined

f rom the  nr iss ion  descr ip t ion  and a  f i le  o f  re levent  da ta .

3.  Integrat ion of  act iv i t ies provides for  user descret ion and is  based

conrpat ib i l i ty  and t ime management ( t t rat  is ,  random, d ispersed,

sequent ia l  or  s imuJtaneous occurance in t i rne) .

3 .

Two E'lements

The vo]ume generating process is cornposed

Profiles and Volume Adjustment Factors.

of two major elements: Activi ty
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Profi  1 e

Activi ty Profi les are a conrpi lat ion of rnult i-mode measureme,nts rvhich

descr ibe act iv i ty  character is t ics such as metabo' l  ic  rate,  or ientat ion,

restra int  and so on.  Each prof i ' le  inc ' l  udes three f igures.  One depicts

the zero-gravi ty  posture,  another shows the act iv i ty 's  nominal  anatomic

pos i t ion '  wh i le  the  th i rd  de ] in ia tes  the  pos i t ion  in  th ree  d imens iona l

form.
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Superimposed on the ostat i .c" zero-gravity posture is a moment diagram

representing work necessary to achieve the displaced posture. This

graphic information is further defined by a quanti tat ive breakdown of

work by major muscle groups.

Together,  the graphic and quant i tat ive mode of  act iv i ty  descr ipt ion

irnpl ' ies an anthropometric envelope and expresses amount and distrf  bu-

t ion of  lvork r ler formed wi th in those I imi ts .

Addltional profile data are provided to ameliorate responsive volume

siz ing.  These i  nc l  ude:

l. Restraint -- preferred restraint devices in cambination with zero- 
' :

gravity, posture affords useful vo:lumetric ' l jmits.

2. l l letabolic rate -- since there is no natural convection in zero-

gravity, atmospheric f low is crit ical for removal of body

heat (as welI as, oxygen suppiy and contaninant removal).

Thls fnfluences sizing, in that, sma'l ler volumes require higher

velocit ies for convective coo'l ing, with a cost in energy and

deleterjous effects for precision tasks and retention of ' loose

objects.

3. O4ygen consunpti onlcarbon dioxide production -- for physlological

realons oxygen must be supplied and carbon dioxide removed. Thls t

i n con junc t i onw i t hme tabo l i c r a teandnoconvec t i t i n , comb ine

to emphasize the gas f low,/vol ume dilenrna.



4.  Or ien ta t ion  - -  cer ta in  ac t iv f t ies  requ i re  a  spec i f i c  reJa t ionsh ' ip

for  operat ion,  th is  may necessi tate volumetr ic  accommodat ion.

Areas  o f  o r ien ta t ion  concerR are :  a )  spa t ia l ,  b )  read ing ,

ins t runren ta t ion ,  c )  t ra in " ing  s imi la r i t y  and d)  one-g  cond i t ion ing .

5.  Context  character is t ics of  the adjacent  envi ronment (such ds,

heat  genera ted  by  equ iprnent ) ,  when in  un ion  w i th  p lanned

act iv i t ' i es ,  shou ld  in f luence vo lumet r ic  s fz ing .

6 .  Pr ivacy  what  i s  the  na ture  o f  the  des i red  pr ivacy-v isua l ,  acous t ic ,

access,  and what  are the volumetr ic  consequences?

7. Frequency the number of t ' imes that an activi ty is performed may

pre jud ice  i t s  vo lume a lTo tment .

Factors

A col lect ion of  volume adjustrnent  factors has been ident i f ied so that

pa r t i cu la r  i n f l uenc ing  respons ib i l i t y  can  be  assessed .  Th i s  me thod  o f

iso la t ing  var iab les  prov ides  a  manageab le  s t ruc tu re  fo r  inc rementa ' l

vo lume determinat ion .  Eventhough these var iab les  are  in t r ins ica l l y

dependent ,  for  the sake of  bei ,ng workable,  the process considers them,

not  only lndependent ,  but ,  mutual ly  inc ' lus ive.  Thereby,  the greatest

inf tuence becomes the governfng factor ,  assuming that  t t ie  less demanding

factors can operate within that larger vo' lume.

operation, volume adjustment factors represent a range of internal

external  forces which shape the design.  The re1at ive value of  these

I n

and
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pressures is  assigned according to miss ion prof i le  and usey- input .

T h i s a 1 J o w s t h e m e t h o d o f d e t e r n r i n i n g v o 1 u m e t g r e m a i n n e U t r a J , w h i . | e

account ing for  the b ias in decis ion making.  A problern o i  th is  complexi ty

cannot  be  so lved in  a  J inear  fash ion ,  there fore  a  record  o f  dec is ions

is valuable as base f rom which subsequent  generat ions can be adapted.

e volume*,  according to these inate

*Minimum surviveable voJ ume
pressur ized spacesuf t  less

is considered a cof f in  enclosure around a
portable l i fe support system.



act iv i t y  charac ter is t i cs ,  y ie lds  respons ive  vo ]ume.  The resuJ  tan t

nurner ica1 value should not  U* 'auOun wi thout  fur ther  def in i t ion,  such ds,

proportionment or axi a'f arrangenrent. By procedure it became tai I ored

and is not amorphic. The values are the "t^lCIrds" of the language used

to communicate the problem. Consequent ly ,  i t  is  more important  to

des ign  fo r  in ten t ion  ra ther  than r ig id i l y  adhere  to  the  par t i cu la r

conrnunicat ing eJements.  The object ive is  to guide,  not  govern.

Volume adjustment factors inc lude,  not  only the fo l lowing,  but  a

"coni l lentst '  category for  extension and eluc idat ion of  provided mater ja ' l  :

l .  Pressure Envelope --  ef f ic ient  pressure container ,  de ' l  ivery system

const ra in ts '  opera t ing  env i ronments ,  expendab le / reusab le ,  sub-

system siz ing ef f ic iency,  growth potent ia l .

2, Atmospheric Exchange -- contaminent removal, temperature control,

f low rate,  f low ef f ic iency.

3. Anthropometric Parameters reach and transJation.

4. l ' letabol i c Rate BTUH per acti vi ty.

5.  Or ientat ion r r  spat ia l ,  reading/ instrumentat ion,  t ra in ing s imular f  lyn

one-g  cond i t ion ing .

6.  Context  ro BTUH, speci f ic  atmospher ic  ef f ic iency,  etc.

7.  crew composi t fon numbers,  t ra in ing,  h ierarchy.



S. circadian Adjustment -- contintied use performance penalit ies, mission

durati on .

9. l4ission Duration -- volume adjustment for number and frequency of

activit ies related to durati on.

10. Emergency Requi rements -- sizing and location as a function of

emergency procedures.

l l .  Crew Autonomy -- in-f l ight volume/activity modifications by crew

discret ion.

12.  Pr ivacy - -  v isual  ,  acoust ic ,  access.

13. Amenity Balance *- vo]umetrf c proportionment based,on unlque charac-

teristics such as view, location, etc.

Conti nuurt

The pr inc ipal  in tent  of  th is  study is  to begin to construct  a rat ionale

for  volumetr ic  s iz ing of  manned spacecraf t .  In  every sense of  the wgrd,

i t  represents  a  beg inn ing ;  d isp lay ing  f requent  s igns  o f  exper i rnent  and

research  anemia .  However ,  the  conceptua l  mechan ism has  been indent i f ie6 ,

now on ly  cont inued re f inement  can es tab ' l  i sh  i t ' s  re la t i ve  use fuJness .


