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heir selectcd gue sts iii three t (1)) i is 0 s iw i’ ial iii t i ’t Cst I I I si ’Ie~ Ii I’ ll c d lute support oh

, umccre\% aci d sp~ucec iess (unc luducig L’urope~u ci l’,u~ load S pecm.i t m s t s i’l the Space Shutt le ) :
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T E C h N I C A L  EVAL I JATI )N REt ’OR’t
by

Raym on d H .  M u r r u c , ~‘1. 0.

Th is Report contains the proceedings 01 the fourth and m u  day, 26 January 1) 7 9 ,
Ot  a t~~uc day con ter en ce  of the Aerospace Medical Panel of NAto ’s Adv isory Group for
A ecospace R e su a t c h  and Development  held  at Brusse ls , I3clqium . The fui s t  three days  of
the meeting (Session A) were concerned with the “Maintenance of Air Operations While
Under Att ack With Chemical Agents ” . rho proceedings 01 this meeting will be presented
elsewhere. Session H was entitled “ Recent Advances in Aeronautical and Space Medicine ” .
This Report contains live papers presented in this Session and the attendant discussion .

The Program C o m mit t e e  designed this Session to p c c s e nt  to the Aerospace Medical
Pa nel members and selected gues t s  t h e  recent advances in t h c e c  ~‘np ort ant  f i e l d s :
1) s e l e c t ion , special  t r a in i ng  and l i t e  support  of aircrew and sj’acecrew , inc ludi cu ,
E uropean Payload Sp ec i a l i s t s  h o c  t h e  S p i ce  S h u tt l e ;  2 )  p hy s i o l o q i c u l  f a c t o r s  in  s p I c e
operations;  3) nedic,i l and p h y sio l og ic al  problems laced  d u r i n g  the deve lopment  and oper-
at ion  of the tirst commercial supersonic vehicle, the Concorde.

The first paper by (Cn -M~c Med I’sc,utd, reviewed in depth the niedical criteria
used for seLectina military aircrew . in addition to a comprehensive discussion of the
customary subjects in this field , he prosented new material relating to the implications
of the use of female personnel.

Group Captain Ernstinq presented next the basic science concepts and clinical
operational requirements that underlie the development of advanced oxygen systems for
future high performance combat vehicles and proposed design criteria for such a system.

The European experience with the selection and training of Space Shuttle Payload
Specialists was described by Doctors Klein and Ilordiuis ks in the following paper , which
also clarified the evolving role of Payload Specialists.

Doctors Pool , Ranibaut and ihonicek reviewed the environmental Stresses of space
flight , the experience of NASA in earlier space pr ograms and the  phys io logica l  problems
expected d u r i n g  the fo r thcoming  Space Shu t t l e  ope ra t i on .  They a l so  discussed h e a l t h
care systems t h a t  have been developed to promote a safe and comfortable environment in
which to work and rest in space.

Finally, M e h e ~cci (i’iwrat huisp~~tetcr R~uhiotua ’t p resented 10 yea rs  of physio log ical  and
medical experience with the supersonic transport , Concorde. He emphasized the importance
of a close working relationship among physicians, chemists and enqineers in solving
potentially serious problems such as noise, pollution , ozone layer disruption , ionizing
radiation , etc.

A review of the topics presented at meetings of this Panel over the past 7 years
shows the priority previous Program Committees qave to the subject of selection of air-
crew and life support systems . It one lumps toqethe r this and associated topics , they
account for about 60% of all the t ’j’ics held at these Sessions. This is as it should be ,
because of the obvious interest and importance of these matters to every NATO c o u n t r y .
The medical and physiolog ical eftects of supe r son ic  comnc ercial  a v i a t i o n  have never  been
discussed here befoce . Because o t  the importance of the commercial and milita ry use of
supersonic vehicles , it would seem essential that this subiect be discussed often at
these sessions in the future. The physiological and biochemical effects of space f l i i h t
and t h e i r  a t t e n d a n t  u ’ i l t h  and performance implications is another subject that deserves
greater emphasis. Thcee yeacs i c e this subject was discussed at your meeting in Athens
and one of the papt’c s today discusses this topic in some depth. But , this hardly seems
sufficient for a subject so pu~ o c  ly understood by most of us and so important for the
future of Aerospace ‘hi licune . I need hardly remind you of t h e  word  “ space ” in the  t i t l e  of
this panel.

Two other subjects would seem to warrant special consideration for future discu ssion s
by this Panel: the maintenance of the ~encra1 health of airforce personnel; and , the
study of combined environmental stresses.

While the subject of prospective medicine was presented at your London meetinq 18
months ago, this is a most timely subject for a group of physicians charted with pro—
moting the health and well beinq of lac ce groups of young men and women , and some not so
young. I would suggest that advances in this area are worthy of re-present at ion t rou’i
time to time . I’m talking particularly about the fruitful new demonstration proaraais
involving the identification ot risk factors for important chronic illnesses , such as
coronary artery disease , and the potential benefits of intervention pro~crams , which ; are
being mounted in many of the countries represented here.

The subject of combined environmental stresses has been discussed here twice  over
the past seven years but only .1 limited amount of data was presented . Research in this
field is very complex and extremely difficult to carry out. But , it must hi’ ‘i rare
occurrence indeed when a pilot is exposed to a sinqie , pure Stress. Dr. t4ich’caet McCa l ly
and I wrote the chapter dealing with this subj ect in the Bioast con u iut ics Pita h ook seven
years ago. In our ceview of this suuf ’ i ect . we identified seven classes of  env i r o n u u s e nt  i~
factors , seven host factors and fouc so—called reciprocative factors. Beyond the o b v i o u s
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c o m p l e xi t y  01 t i s t u n q  t h e  hundreds i t  s i m p le  i n t e r a c t i o n s , t h e r e  are m a n y  hund reds  of
nuoc e c o m p li c a t e d  ,~ u u l t u j l e  i n t i c u s t i o n s .  And , t h e  p r o b l e m  i s f u r t h e r con f o u n d ed by
v i z  i u f l ,’s h a v i n i c  to do w i t h  the  o r d e r  of occur rence  of the s t r e ss , s , t he i r d u r a t  ions ,
sev ec l i v  and t ypes  of in t e r a c t i o n  - do t hey i n t e r a c t  by s i m p l e  a d d i t i o n  of ph y s i o l o g i c a l
e f r e c t s , or pe rhaps  s y n e r g i s t i c a l l y ,  or a n t u c o n u s t i c a l l y ?  There  are  added d i f f i c u l t i e s
bec u is e or u n st a n d a r d i ~~t h  s t c , ases , v a r y i n g  c r i t e r i a  of t o l e r ance  and limited simulation
c u p u b i  1 i t i~’s

b ut i t  has a l w a y s  seemed to me t h a t  an e f f e c t i v e  approach  could be made i f  three
resources were made available: ( 1 )  A l a c ci g roup  of capable environmental physiologists
and aerospace me d i c i n e  c l i n i c ians who a r e interested and committed to working together
for u long period of time on such a venture , and that suitable laboratory resources could
be made available to support this research. (2) The group must have available for its
use a large computer facility with systems analysis capabil ity, because simulation
iodelling will be required to make meaning ful progress. (3) An international organization

t h a t  is interested in this field and would sponsor and promote such an endeavor. Of
course , I have this organization in  mind  as t h i s  resource .  I know of no other that can
marshall the required resources and exert the necessary leadershi p.

Such a huge and complex undertaking can never actually be completed , but I’ m con-
vinced that very significant advances can be made that would be scientifically important
and clinically useful. I should like to point out that such cooperative ventures in
research and development are clearly spelled out in the mission of ACARD.

iL 
-_ _
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P1< 1 111,1- MI S RELAT IFS AIJ X Cp l’rERE S ~lLI ) I CA U X DE
SELECT IO N DU PERSONNEL NAVIGANT M I L I T A I R E

Dr I I ir i r d
I , i c u i r u I  ~1, i i , c  M iiulr ,icc e u

‘is ci cue dci V II d’tr I l l
11-1200 l3r cu~,ek

Ikigique

Résum é
L ’ a u t e u r  exam ine  les c r i t è r e s  médicaux de se lec t ion du Personnel naviqant militai—

re dans cinq domaines particuliers

a. les criti~res visuels , auditifs et vestibulaires;
i i .  les crit~-res de selection psychologique ou psychiatrique;
c. le problème de critères speclaux éventuels pour la determination precoce ou immediate

de La specialisation du pilote operationnel;
1. le problème d’une élCv~ition Cventuelle des normes pour les aviateurs destinCs ~ pilo—

ter les avions de combat di la nouvelle generation;
e. ~ probldme du personnel navigant féminin .

L’auteur préconise une normalisation des critéres visuels et auditifs .
Ii recommarude des nouvelles recherches sur les autres points considCrCs , afin de

r C du i r e  le La ’cx des C l i m i n a t i o n s  au cours de l ’ en t r a inemen t  a l’Ecole de pilotage.

GENERALITES

Les problemes relatifs aux critères mCdicaux appliqués a la se lec t ion  du Personnel
navigant militaire sont Si nombreux , si complexes et si vastes qu ’il serait presomptueux
de v o u l o i r  couvri r  l ’ ét e n d u e  de la quest ion dans les limites de temps dévolues a cet ex-
pose.

A ussi , je me dois de preciser d ’ emblée les f ron t i è r e s  que j ’ ai f i xCe s  a l’étude du
suj et  qui  m ’ a été con f i é .

1. D epuiS la c rea t ion  de l ’A l l i an c e  A t l a n t i q u e , parmi les problemes m a j e u r s  auxquels  les
Forces aériennes de l’OTAN sont confrontées , l’un a toujours revêtu un aspect yen ta-
blement  c ruc ia l  : celui  du recrutement du personnel navigant et, par consequent , Ce—
lui de la selection des candida ts  av ia teurs .  En mat iè re  de critères médicaux , le mot
“ selection ” semblerai t  ne concerner que les cr i tères  appliqués a l’examen d’admission ,
a l’ exclus iocu  de ceux applicables aux exatnens périodiques de revision d’aptitude.
Qu ’il  me soit permis de souligner , des ma in t enan t , que cette selection du personnel
navigant , selon mol , n ’ est pas un acte unique , in i t i a l, pose avant d ’ accorder ou d’ in-
t e rd i re  l’ accès de l’ apprent issage  du vol et , par consequent , d ’ une carriere dans le
Personnel navigant. C’est plutét un processus continu. Ii commence par l’ examen me—
dical initial de selection. Ii se poursuit ensuite pendant toute la periode de l’éco—
lage en vol et même pendant la période qui lul  fait suite immédiatement : celle de la
spécialisation aux divers types d’avions ou d’helicoptères et aux divers types de mis-
sions a effectuer. Mais , ii va de soi que l’examen medical de selection présente une
importance capitale , ne fut—ce que sous l’angle purement financier. Barrer d’ernblée
le chemin a un candidat  dont les chances de devenir pilote sont null es  ou précaires
ou dont le déroulement d’une carrière navigante normale sera trés vraisemblablement
compromis en raison de l ’évolu t ion  ineluctable  de cer ta ines  déf ic iences, const i tue
une économie de temps , de moni teurs , d ’ avions , d ’equipements  et par consequent d ’ ar—
gent. L’estimation la plus rdcente du coOt de la formation operationnelle d’un pilo—
te de chasse qu ’il m ’a éte permis de trouver dans un document AGARD est celle fournie
par P. BLANC (1) dans 1’AGARD report n° 666 , publié en juin 1978 : selon cet auteur ,
la formation d’un pilote de chasse opérationnel français est estimée a 15 millions de
francs français (100 millions de francs belges ou 3,4 millions de dollars ou 1 ,750
millions de livres sterling); la formation d’un pilote de Mirage 1 coOte le double ,
soit 30 mi l l i ons  de f r a n c s  f r an ç a i s  (6,8 millions de dollars , 200 m i l l ions de francs
belges ou 3 , 500 mi l l i ons  de livres s t e r l ing) .
C’ est a la selection c l in ique  in i t i a l e  que je  me l i m i t e r a i .  Mais  il reste bien enten-
du que les cni téres  médicaux app licables a cette  selection c l in ique  i n i t i a l e  doivent
Cgalement  s ’appliquer  pendant  toute la durée de l’ apprentissage du vol , soit pendant
une  période que l ’ on peut estimer grosso modo ~ 18 mois.  Me r é f é r a n t  aux categories
d’ examens médicaux de l ’ USAF , il s ’agi t  donc des c ritè res  de la “Fl ying Class I” .
Dans un but  de s impl i f i ca t ion, j e me limi t e ra i  a la seule fonct ion  de p i lo te  d’ avion
ou d’hel icoptere  puisque c ’est pour elle que se posent la plupar t  des problèmes irs-
por tan ts .

2.  Une a u t r e  considerat ion doit egalement  être émise , a f i n  de f a i r e  la par t  des vrais
problémes et des f aux  problèmes. En face des d i f f i c ul t é s  du recrutement , il est bien
connu — et on mu doit pas avoir peur de le dire ouvertement - que les autorités mili—
taires ont toujours eu tenudance a essayer d ’ ob ten i r  des au to r i tés  mCdicales  l’ abai s-
sement de certaines normes ou de certains crit~ res contenus dans les rCglementations

. 1 .
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cccéd i c c  lea . Au i i  it c s ,li ,; .~ 5 dern i ~ ri annCel; , si 1 ‘ on j u g ’  ~i u r i t ’  ‘U di ’ mod i f  i —

c i t  ions surv ccu u i ,; dans 1,’r; t i x t e S  des c~~~i l em e nt s , c u li ii u n ’  que d ’ ur  m a n l C r t ’
t , ’nCral e, let; l iv er s i s r ( ’ ; l e r u e n t u t  ions  0 ‘c’xper t 1 S t ’  ‘ O h i c a l , ’  d ’  I l l  i i i  i t p0

c i h se r ~i cc ; i r i c  ,‘ di t ’nducrce uri c Soc Ii’ Ii  i c  cc d ’ i n e r t  I i ’ . l u p u c s  l u  c rCat  ion
de 1 ‘Al  I i  crrce c L a n t  ique , 1’ c ’,;se nt  1 , 1  d a req 1 emi ci t u t  I ens c o n c e r nu n  t I a sCl ec —
t i o n m i t  i i i , ’ eSt d i r e I c  f’ p rat i l r r i ”Io nt  i d e r t i l l  . I ’  I I t  r i d  - t  ion de n o u v e ll e s
r’rc t bodes i i  di ’ nouve l ie s  t c ’ c b u n  iques  d ‘ ,x un ’n ci ’ i t  i ’ rise ’ ret ’ p ar  vo m ’  o f f  Ic IC 1 le

su ivan t  us ry  thace r i ,  une  c x  t c ~ i’1, 1 , 111 o u r  , si on I c  compa c e a Ce h u i di’ 1 ‘ adop—
ion do nouv~’ t u x  ,~u 1 ~~~‘I t ’  r u t  1 d~ ‘e l  ou de 1 ‘ i d e - I  it i i ,  di 1 ‘ hornnue ~u u x  n ou ve 1 les

~cr f~~~~j flc~ 5 ii 1 ‘ u ’ i o n  . ti ’ r t u p s  y ‘‘ cc  re n t  1’ ~r u v  r i  d ‘ 011 ’ t r od  i t  ion gu i  m (r  i —

ter u it par fo  i s  d ‘Ct ri secou(’e . B ’ ,uu t ros y t rouv , ’r  nut u rn ’ !tc ’i’’
~~

’ he , ; , u ;i sse,
c i i  le gui  impose 1 ‘ iplI r t de t r ,t ’ ’ l1rX Sc i i n t i t  i IU C S  sCr ieux i t di’ bases stat is—
t i~~ui’s (‘n hl antes , gue seul Ic t er~I5 pet it b f urnir , avant qu ’ il soit question
0’ i rrt roduc ce di’s niodif i c u t  i n n , ;  import u rru es dana  los p u b l i c a t i o n s  o f f i c i el l e s  r(- —
gleme n t a i r e s  r e l a t i ve s  aux c r i t ~~res n iC dicaux  d ’ a p t i c u d t ’  a u vol .

~ ruo i qu ’il en soit , ii ‘ n i m b l e  qu ’ u nc c er t a i n e  r ( ’v i s i o n  di ’ v a l e u r s  c ) f l sac r c ’e S

~~~ 
La t r a d i t i o n  et  qu ’un  ‘c ’r t ,ui n contrOle de donnCes divergentes rencontrCes

dons  les rOjlecncn t ctions Ic ’s h i verses l orces a (r i e n ne s  de 1 ‘ulTJ;N sojent parfois
opp u ’rt un s  ou n C c e s su i r e s , ne f u t - c e  que pour st i m u l e r  do n o u v el l e s  recherches ,
p r i n c i p al o u ti l  pou r Ic ~~ i ’x f e c t i c cu n e m e n t  de nos rnéthodes de selection.

Selon les recommandations c’t d i r ec t iv es que j’ai reçues du Président du Comi—
tC des programmes , 1’Air Commodore COOKE , les points suivants ont ~tC retenus
pour une breve revue des prmncipaux critCre s d’aptitude mCdicale , en vue de
r;iu ligner surtout les lacuc’ces , les incertitu ic s , les Imperfections qu ’on y re—
hIve ou crcCme les controverses qui les entourent . Ii s’agit donc di’ points gui
so l l i c i t e n t  ou exigent de nouvelles investigations des chercheurs.

a. los cr it~’res v i s uels , audit ifs et vestibulaires , (ces derniers Ctant surtout
cent  r ,T’s sur la s e n s i bi l i t i ’ an ma l  do l ’ ai r )  ;

b.  l es c r i tCr e s  do se l e c t i o n  psycholog ique  ou p s y c hia t r i q u e ;
c. le prob l Cmc de critCres spCcioux pour la determination precoce ou immed ia t e,

des le premier  examen medica l  de se lec t ion , de la s p e c i a l i s a t i o n  du ph oto
op Cr a t i o n n e l  ( p i l o t ,  d ’ a vi on (he chasse , p i l o t e  d’ avion do t r a n s p o r t , p i lo t e
d ’ h C l i c optere , etc...);

0. Ic probleme d’une Clu ~v,ution éventuelle des normes pour les aviateurs destinCs
‘i p i lo t e r lea a vj on s  d~ combat  do la nouve l l e  gCn Cr a t i o n , d i t s “ av ions  ~ha u t e  p e z ; z n a r n c e ’ ( F l u , F l 5 , e t c .  . . I

o. les problernes relatifs au personnel navigant fCminin.

3. I n c  autro consid~~rat ion prCalable , J ’ un to ut ailtre ordre , ménito aussi d’être
so u l i g n ~ c ’ . A f i n que l ’ a u t or i t é  r n i l i t a i r e , en c o n s i dCr a n t  la socnme des Cchecs
surv enus  dans l ’ app r c nt i s s ag e  du p i l o t u r e , n ’a t t r i b ue nas aux expe r t s  m Cdicaux
dos échecs qu~ ne sont pas i m p u tab l e s  A la s(’lection médicale , 11 impo r te  de pré—
ci ser , su r  Ic p l a n  t echn i que , l ’ ob j o c t i f  de La s e l e c t i o n  m Cd i c a l e  i n i t i a l e .

Selo n moi , Ia sele c t ion  medical, ’  in i t i a le  doi t  rnct t re  on evidence chez le can—
didat av i at e u r  doux c a t  i1 r o r i e s  he q u al i te s  :

a .  d es q u a l i t( s  p r o f e s s i o n n el l os ;
b. des qualitCs he résistance A I ’ - ’qa r !  do m u l t i ples a g e n t s  s t r e s s a n t s  i n t e r v e —

n a n t  au cours du vol et pouvant  comprom ct t r e  là sCcuritC he cc d e r n i e r .
(1) des qualitCs professionnelles

Elles sont de deux sortes. Les unes, portant prinei palement sur le domai—
ne neuro—motour , interviennent uniquement dons là tochni guue du pilotaqo.
Les autres in tc ’ressent plus directement la sCcuritC du vol : cc sont
principalement cellos intéressant la vision , l’audition , los fonctions
mentales et coractCriolles , La fonction cardio-vasculaire , Ia fon ct ion
r e s p i r a t o c re et A un moindre  li t r e  les a u t r e s  f o n c t i o n s  corporelles. La
p l u s  ~t r an de  p or t ie  des c r i t~’res m Cdi caux  de s e l e c t i o n  v ise ’l la dOte c—
t ion de ces q ua li t Cs

( 2 )  des qualites do résistance ‘1 do multiples agents intervonant soit au
cours du vol , soit dans les conditions he surviL , de sau t  en pa r ach u te ,
ou tou t  s implement  dans  les (tats Ic f,ut ugue resultant do la nature et do
la frCquence des missions aCriennes. A cot ~‘;nar d , ii pa r a i t  logique de
rCclamer , dCs le hu ’Thut t de là carriCri ’, un certain capital he s t a b i l i té
psychique et d’endurance physi~ uue , susceptible d’Ctre (ventuellement for—
tif ti ’ par l ’ entrainement , pendan t Ic st’jour en école et en unite.
Tel est l’axo directeur qui doit wider notre travail d’Cvaluation sur la
valour des dispositions rCcl ementuircs gui vent c’t r e  discutCes.

N uns nous proposons maintenant d’examiner les 5 points montionn(’s ulus hatut , soit
qu ’ i is m Cr i t e n t  cons idCrat  ion pour des reclni rchi n , soit qu ’ i ls inspirent rC—
f l e xio n , en vue d’une refonte Cv e n t u c l l , ’ de ci’rt aines do i c o n s  c o n c e p t i o n s .

‘ I .
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I 1

I .  CRI’FERES V I SUE LS , AU D I T IF S  ET V E S TI B U L A I RE S

A .  CRITERES VISUELS

L’exir cnu ’nn do là vision constitue l’ un des points les pl u s importants de la
oC t e c t io n  nu ,~dicalc dos aviateurs .

Si Von observe là repartition des causes d’Climination par syst~ rnes ou par
on constate que celles liées a la f o n c t i o n  vi s u el l e  i ’ emp o r t e n t  de t r t s

loin. Actuellement , coccune dans le passé, elles interviennent a la Force aér i e n no
beige dans Ia moitiC du  nombre des candidats ClCves—pilotes é l i min és .

1. Acuité visuelle

Une acuité visuelle excellence est particulièrement utile au pilote de combat
(ehasse , reconnaissance , bombardement) . Tou te fo i s , l ’ a c u i tC  visuelle , mesurCo
a la distance de metres (20 p i e d s) ,  a v a n t  l ’i n s t il l a t i o n  d ’ un cycloplégique ,
ne fame pas l’objet d’ exigences identiquos dans toutes les Forces aeriennes ,
pour l ’ examen i n i t i a l  de se lec t ion .
On t rouvera  dans le t ab leau  I les norutues rég l e m e n t a i r e s  appl iquCes dans 9 Avia-
t iO ns de I ’ OTAN ( 2 ) .

Tableau I.

NORMES REGLEMENTAIRES D ACUITE VISUELLE DANS 9 AVIATIONS MILITAIRES

POUR LES CANDIDATS PILOTES

Forces aériennes Vision sans verres correcteurs

Belgique 10/10 10/10 — —
USAF 10/10 10/10 - —

US Na vy 10/ 10 10/10 - -
US Arm y 10/ 10 10/10 - — 1 

-

Norvege 10/ 10 10/10 — —
Canada 6/6 6/9 — -

France 9/10 9/10 10/10 10/10

RAF 6/ 9 6/ 9 10/10 10/10
(Grande—Bretagne)

République
FCdérale 5/10 5/10 10/10 10/10
d’ Allemagne

On constate que pour les candidats pilotes toutes categories , sur 9 réglementa—
t I ns étudiées

cinq exigent l’unitC pour chaque oeil pnis isolément , san s correction par des
verres;

une exige l’unité A un oeil et 6/9 a l’autre oeil sans correction;

one exige 9/10 A chaque oeil sans correction , A condition que la vision puisse
être corr igêe a l’ unité pour chaque oeil, au iccoyen de verres;

une réglementation n ’exige que 6/9 A chaque oeil A condition que la vision puis—
se être corrigée A l’unité , pour chaque oeil au moyen u de verre s;

une réglementation n ’exige que 5/10 A chaque oeil , A condition que la vision
puisse Atre cornigee a l’unité pour chaque oeil au moyen de venres.

On peut conclure que toutes lea reglementations imposent l’unitC a chaque oeil ,
les u nes sans verres correcteurs , les autres avec l’aide de verres correcteurs.
Le probleme qui se pose peut se formuler comme suit faut—il exiger A l’exarnen
initial une acuité visuelle égale A l’unitC , sans verres correcteurs? ou bien ,
queu es sont les consequences , a court tercne ou A long terme, d2s tolerances

. / .
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~ , r  r e t t  .,;, ‘ ru  r , ’ n ; ’, ’ r n h ’  c A 1; h O  I c u n, ’c ’I , OU i ‘‘ (i’AI I ou A 5/10 II,ut t- ’s it I - ) .
i c  r h I n e  c c  0 ’  inpu t t i:. ,’ 51 nu ns ‘ t , s l d u ’ r  l~ ’ I ; u r  ‘ - n  ‘ o r ,  ,~‘ I ’ , ’ h i ’S ( l i c r i —
n c ’ i~ I n , ;  i ( - su l n  u n ’  I i’  1 ‘ - x i t i ’ n c i ’  di 1’ . r n c ’  I 1 1X .1 n’ ix sans -c u s  ‘ d e e r , ’  O 5 .
‘ ‘c Ce ’ , 1 est 1 ii ’S o r i n ; ; i ’ l i ’s  cc  i ’  ‘ ‘lu r r u c h i c a u l X  h ’ u l c i ’  , r~~ - i o n i c  ~~i5  1 ; ’ , —
l e r u e c n t  i i ’ s  :1 h - s  j r  I c e s  1, si’c r c  1’ ~ I i i  ‘. 1  u n n e u r u -  ‘i h , ~~ h I , : , ’ , :  h -  ‘ u —
j~~u e i t~ n ’ .u h I c c : n t  i n ; s , e t  h .  i l o c  u t  t n ;  i, c i  I n  ‘ n u t  h l u  I t i l s r  i c  , u ” - r n - n i ’

Dcs j roblCmea , ‘ .5, 
~~~ 

r i  , x ’  r — ;  ‘ u , c o l t ; ; ‘ u u x I n u  ‘ u n ’ ‘ c t  d ’ u n no cit —
- r n  I 1,, c cn t S ‘a ,  I i  ‘ I ‘ c - r u  , ‘ D ’ ’ n  

~~
- . 1 n n ; i -  c - c  - n ;: - A  lo - n u :  , , ci —

sent 0’ on ccc t 5 u r n  p r in , ‘‘a r i i i  l i ~~~ i’ l u ~ u s  cc r c ns t ,unu c,-s i t  1 k - , .  ,u1’ n ; , s i n  I a
5 .5-t i ’. -1 ~ ’ ccrt .uir ;s e n ’ ’ c c , ; . ‘‘ est s A r i  ~~i n ’  i i - - e- J u t  l o t n  e r r ’ ’ Ii’s d ’ u nt (’

~‘i :o ~’ L u ~ - , p 010 1: ’ i k n  - n t  i c - s~ n r ; s a l I e s  I ,  ‘ u >  , h ’ u” l i : ’ n i r n . u t  con, u p l u s  ~
‘- l ~~’,’(.

i~ m cno 15 ; ’  1 s sur  n c r ;  p l . u n  n ; t  r r ’ ~ ,‘r- ,- r n i n010 il , ci - u t  i ( c  - di, c i  l i n t i i i , deux
t i e’ o u r s  , I o i ’ ,’ , : ’ ~

- ‘ t i  ‘ 5 : 1 I

a .  l i -S i :n 5 ‘. i n i : ‘ S On. 
~

- ; t I,- ‘,- - n  r à  y o u  c - c c ,  O S  l u  l u - s  l i l  I n ;  h i -  n ’ s h u n t ;
1 - u  prog c ‘55 1 ;: h , ’:: r i -  ~~,‘, ‘ n I c , - ; n ’  c’s n i ,  1 u  v i s i  I ,u ’, , ’c  1 ‘A  ti I ) :  l r u n I t u u l ’  n r c  là

y n p i e l  j J , u r n 1 C s l - i , ’c’ 1 - n i t  in - n , l s t ,  : ‘  h i - j A  A 20  a c t s .

Si 1’ ,’ l i n i r u . u c  n :  i ’ u n  j - i ~~ t u - , j - ; r  i f l  , t f i n ; , u n c e  h ’ ic n t  ‘ ‘i s ue l le , n t  ‘
‘ r ,u h—

‘r i s c ’ , a l e c  ur i c  r e s i n : ; ’ i n  ;
~~~~~~~~~~

‘ , -  p n t  1 ‘ l I n t - c  s s u ’  i t  l i  t’ ’r’r”nu r ,dus c-r u t , u r ; r r s
‘ A r c  i i ’ 4 0  u n , , - i i , -  i t  n u n  - i n c  c i - p .r 1 ‘ c v i  i t  ‘or  o n u  en r l i i  ‘,‘iet ime et

,.:: n : ’ n n ’ ,’Cn m e r i t  s ec  j i n x  p r n  Ic C uncn ~~n , i n d  i i i  u a n d  el i  e s ‘ p r - a u t o u r  r e Lu
t r e : ; ;  i n - . I I  ,- , ; t  d ’ a i l l,  .rs  ren’:~u c ; n c ’ r  n., ’ Ia  r ‘n i , n  ‘ - t n t  i ion h I a  RAF p r C —

‘ o ‘i cc ,ei J e t  ia ~h ; sjn sic i n  s u n ’ .’ u : t e  : ~. n u n n h 1 e x i - i - r t  c ot  i n c  
~~°‘ 

Or-s l o n n i t—
t i - s  dc I ’ l l  ,u ’,’ i ’c i c c  c - s  , cr  od i n 5 st i r : :  rn -c , ‘n ; s a n r , ’ s  I co n s  cc ’, ‘ u c - r u i n  n i  s i r ,
is d ,” c isio n 0 ’  tOn: :  u ssi re~~ - ’.’,’ do ‘ I I  ‘ . 1 st  re  do la  D C fe n s i ’
I I  c ot  ~‘v mL ’nt  joe cc’s irtce n’vCn t i nt s t ‘i’s r i son ’s sont h o , u , , c n  W I  n - n  m s  ri nn~h s
s i  .~ tolc ’-r ance uI: roe est ‘ r i1s t a i b l i - , ‘ n un’ C ‘ ‘st  lo cas ~ n U c  la req 1 en ’;u ’ c i t a—

n n . I t.1;n ,’aise .
E n ,  ‘u qui O o n c e r : n i ’ los t l - c a n c o s  j u squ ’ A  ( 9 , des c o n d i t io n s  e x pCr i : ’u e : ut a l o s  i n —  “

•
t e re ss a n to S  so 5 r ut j r  In .  i t e s  don s  là Force .e’-r i e n n , ’  bel  m e , A la s u i t e  do i ’ m ; —
c or p  r at  i r dons  là Sect  1 0 I i ’ l , ; t ’  d~’ I,; R At ’ , p e n d a n t  la q u e r r e  1 9 3 9 — 1  14 , h e
J i ’urnes gens  h ’e lg e s , a dm is  dons  i i ’ ~ 

‘rn ;  m m i i  n a v i q a n t , ,cvc ’c on c e r t  a m  d i -  r e  do
myopic  ~u d ’ a s ’n  I rma ’ i sme r C d u i s a n t  l ’ a c u i t C  ‘.‘ i s n n i ’l l c  j u s q u ’’u I ~ ( 3 ) .  ‘wee le
tees  1 , on p e n t  t i r e  qo - c i t  t i  t e l é r a m r ’ r’ i S it  i a l e  a e tC  une  sou rce  cost  i n o el  le do
r i f f i c u l t i ’s en r a i s o n  di ’ la p r i t r e s s n ir ;  i n C l u c t u l  I c  de Ia  nv -; ie , do la  r ; ’c es s i—

di’ poor ’ ’  n u r  c,’n : ai ,’ i  u t e u r s  de l o n , , t t e s  de vo l  avec des ‘.‘er r e s  c m ;  - c t , ’ ;u r s  i t
he pr ( ’v o ir  des C r ;:; :i ’r ;en t s  pu’r i oi c q n i ’ns - I ’  n i  r r e s  et e n f i n , en; r a i s o n  do 1 ‘ ‘h I i —

- s u t t o n  de f a i r e  a~ f e ct e r  c - a  ,ic’ l a t c ’u r s  A los m i t e s  t e  t ran,nr; - ‘, ‘ - - . A  d i ’s E t a t s —
Majors , u j r - i - ;or ’l~~oes ,u m ;r n ( - e s  l u s s e c ’s en u n i t ( ’  do ch a s se .  or  une  q r n c m ;~ h e For-
ce , n ’ -r i e n n e  O n  sposant do nombreux e n  feet its , cc ;e n re  de m s u t a t  ions mr, crC- c ~~SS
Se -r r a v e s  , h i t f i c o l t u ” s. M a t s , d a n s  u n e  Force  ; C r n e r ; n e  don t  l e n s  e f f e c t  i f s  i n  p i —
lo t e s  i t  1 ’ 1 -  n n e ls  sen t  do 1 ‘o r d r e  Ii ’ 500 p i lo t e s  Of - oA l e n s  u n i ’  Cs ,ie ci. usse
const  i t  oe~~t la p lus  ; r u : n d e  p ar t i e  des u n i te s  m n a v i m n n t e s , ces nu ’, a t  ;o ns  ;‘r ’n,at a—
rCes  e t  ob li Ces , r ,i ’ c e s s x t , u r n t  une  recen;’,’ c r s l n m n  A des fesct i n s  de 1 i I  t o  ,ie
t r anspor t , t r s s o u v e n t  at 1 ‘i’mns’ern t cc du d(s i r  des i n tCr e s s C s , su s c  n t , ’ m . t  des Iif ~i c o l t  s j u m  c ’ ’:. ’ i s sen t  dc’fn u v o r a h l e n t e n t  sur le d ( ’r o u l em e n t  d ’ un e c ar r r  C-re m i l i —
t , u i r e  n o r m a l,’ , s u r  Ia m o t i v a t i o n  Ct Ic mora l de ceux qui en sont i i  ‘em .
N u n s  er  ; y r n s  donc que  los t i lé r a n c e s  c o n s e n t  ies 1 ‘rs de 1 ‘examen  r m n ~~t n a l  dons  le
derna t oe  de 1’ i c ’ l  1 te v u  sou l le r e l~”,’ent , , en o r d r e  p r i n c ipal , do f a c t e n r s  ex t  r n — n C —
C’ ; ,; x .
Ma1 nrC ’ l~ ai b e ‘ nsi j(-rab ie et irr er 1 1 ,-sC ,uble des c’u)ui pements he  bord mo d e r n  s , le
pi I ’  d’un av ion de s c a l e  perforrnannce en m i s s i o n  do combat , sur toict dans les
noi n ; ; 1 ; n s  A Lnsse altitu de et A grando vit, nOt , a u r a  to u j o u r s  I esoin d ’ une  v i s ion
lui f- ’urnissont , sur dos objectifs situCs A distance C l o i : r m n C c , des informations
p r e ’ c s e s  et  n e t t es , d o n t  la p e r c e p t i o n  c or r ect e  et l ’ i n t e r pr C t a t  ion ; r n c n t a l e  ra-
p i n e  se ron t  un c ’ l , - r n e m n t  i m p o r t a n t  do so sup C n i c r i t c -  su r  l ’ adv e r s a i ri ’ et du r e n d e —
ment  de sa m i s s i o n .
Au ssi , en cc q u i  concorne  l ’ a v i ,u t i o n  do l ’ a v e n n i r , nous  no c royons  pas qu ’i l
ex iste actuellemont ,hi’s arru r ’tonts nouveaux permettant de rCduire le rCIe de
l ’ acui tC vjsuelle A distance.
N us  pcnsons donc quo l’idC,s l doc-ncando d’ ex it ter , do tout candida t ilcte m ilitai—
re toutes cat( ~o r 1es , uno acui tC visuelle ( m a l e  A l’ uni t( A chaque coil , sans
verres  correc tours , et cela malqrC les déchets importants loot cette clause est
Ic prix . Nous estimons qu ’A tout prendre , cet te facon de faire est là plus ra—
tionnelle pour les Forces aériennes qui no hisposont quo d’effec tifs assez limi—
tC’s et dont los unites ont des activitCs principalement axCes sur les missions
de chasse et d’ appu i dos troupes au sol.
Tou tef o i s , ii va do soi que l’experience cibtenue dans los Forces aCrienrues A
trés grands effectifs et qui , grace A là unrand e c’ariCt ( des missions qu ’elles
assumont , peuven t so permettre de tolCrer l’ admission tie candida ts prCsentont
d ( J A  un certain degré de myopic a l’examen initial , devrait nCcessaic’eclten t Ctre
versCe au dossier et CIre pniso en consideration , si on dCbat devait Ctre rou—
v e r t  sur Cette question.

2. Lentilles de ccntact

La question do port des lentilles de contact est temporairement clocr’, en cc
qu i concerne les dispositions rCglementairos. L’ ,uti li sation des v e t r e s  ho con—
t a d  est refusée clans toutes les rCglementations , A l’ exancoc’t d’ , u d r : n i n , ; i rn . I i

-—-‘ - -- - -..- - --- --~~-- ~~ - --
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s ’ u ’j  u t  b ’ un u  c i ’ ’ ; l t ’  r C ’ c n i ’ r , u l e , ne sou f f r a n t , p u s  d ’ ex c op t i o n ,  A c u u t n c o n c u , u l s s , , n u c e .
Cc ci ’ eat  gui’ io ns di ’s exact iens r i ’ v i s i u u n n u i l ;; que 1 ‘on t c ,uvu ’ des 11-regal iu u nu t ; sous
cc ’ c u j u j a c I. Parctc i les n ; u ’ j t  ju uy s den t nous ovens ‘- f  uiH i” lu’s rCqlcnini’r;t i t
pout  l , i  r , i d a c t i , u c u  dc l ’ Aqoc h i u j r , u j u h n i e  21  1 ( 2 ) ,  h o a x  seu le m o n t , h i  l ’ r , u r i :e et h i ’
Roya u cr ue—U ni  , on t  p revu  I , u t n s  l u ’ u c  r - J  I emec i f  den ; d i s p o s i  t i o n s  qu i a u t  ( u r  i n ; i n t  Ic
port  h i ’ le n t i l  ic’s cii, ‘ u u c u t  , u c t  , dons di ’s con~,jt ions Lien d (’ti’rt ,u I riCes.
Dacis I’ArmCo di’ l’Air française , ci’s conditions sont trés strictes i f  t r u - t u  l i m i —

C(r ’s. C ’e st  u n i q u e m e n t  pour los s t a n d a r d s  do v i s i on  n °4 et n°5 gu ’il est prCvu
une p o s s i b il i t C  d’ u t i l i sa tion  de l e n t il l e s  do c o n t a c t , m a i s  o ll e  dol t , pour cha—
cun dos ens , faire 1’ob~ et d’une autorisation individuollo aprCs examon objectif
he  is tolerance. Los ho” ru i ”I ici a i r o n ;  do c et t  e f a v o u r  no soot pas des c u n d i d a t s
pi loti’s toutes cat (qories , ni dos ClCves—pilotes , ni des pilotes do combat , ni
urn; piletes d’hClicopt(re; los s tandards  4 oh, S s ’adressent uni’juon;ent A des p h -
lo tes  de t r ans por t , de bombardement convent ionne l  ot do l i a i son  b i— inc o t cur , ou
encore A des pilotos d’ ,cvio n e s t a f e t t e  ou dos pilotes d’avlon mono—moteur d’ap—
pul leger ou A des cruembrc’s du Personnel Naviqant do l’Aviation lCq Cre de i’ ArmCe
do Terre et de là Gendarmer ie .
bans Ia Royal Air Force , los aviateurs confirmCs ne peuvent étre autorisCs A
porter  dos v o r ro s  de con tac t  que sur avis favorable do médecin c o n s u l t a n t  en
ophtaimoiogie. ic texte do là rCglementati on ne donne aucune precision sur los
conditions qui entourent l’ octrol d’ u,une telle autorisatlon.

3. Vis ion des couleurs
Los anomal ies  do là vision des couleurs  ent r a in e n t  on pourcentago d’Ciimlnations
gu i  pout se chiffror entre 7% Ct 10% des cmandidats. Ce pourcentaqe Cnorme a
toujours obsCdC los autorltCs milltaires ‘, esponsables du rec ru toment  des av i s—
to urs .  C ’ ost sans doute cc gui fait rebondir pCriodiquement le problCme.
Depots 50 ans, on n ’a cossC do d i s cu to r  sur i’importanco pratique d’une vision
p a r f ait e  des couleurs dons là conduite de l’ avion . Le pilote doit lire correc—
tecuent et rap idement los Informations qui lui sont présentees sur le tableau de
bord certaines iui sont fournies avoc l’aido d’indices colorCs , précisCmont
en vue de faciliter leur lecture et leur interpretation. La misc en service do
nouveaux systCmes d’information utilisant des écrans cathodiques — cc gui sembie
devoir être une presentation qui sera de plus en plus employee dans les avions
do là nouvolle generation — n ’exclut pas i’ emploi de codes colorés. Bien au
contraire. La couleur sembie memo dovoir Ctre boaucoup plus nilisC dans ces
nouveaux systCmes.
D’autre part , malgré l’abondance des Infarmations auditives , le pilote aura tou—
jours A interpreter Ic message du sol qul lul parvient sous forme de feux co1o—
rCs codes. Ii doir aussl pouvoii lire sans erreur des cartes colorCes. Ces exem—
pies, parcrsi bien d’autres , nous paraissent suffisants pour continuer A exiger is
normalitC dans là perception des couleurs. - -

La cause nous semble donc entendue sous cc rapport , memo avec les nouveaux con—
cepts de p resen ta t ion  du poste de p ilotage .
Ccci ne s i g n i f i e  pas qu ’ u ne ét ude sur l’importance pratique d’ une vis ion parfal—
te des couleurs en aviation ot les consequences do certaines anomalies ne serait
plus justifn~ée.
Périodlquement , los partisans d’un relAchement dans la riguour des critères de
selection font valoir quo beaucoup de couleurs ne se trouvent que sur des m di—
cateurs do position , que tout risque de confusion do couieur est éliminé et que
d’autres moyens d’identification des couleurs au moyen de iettres , de desslns ,
de formes géométriques sent souvent disponibies. Ces considerations n ’ont jamais
etC , i Irv.,lic , ’,,utt ,’ . . Ii semble que ies fu t u r s  systCmes de cockpit dovront  encore
compter pendant longtemps sur l’usage d’un code coioré. Touto interpretation
douteuse ou erronée é tant  one cause p o t o n t i o llo  d’ acclde n t , i i  n ’y a pas lieu ,
a court termo et même moyen terme , de reveni r  sur cette quest ion . C ’ est on au t re
aspect de Ce problCrne gui me p a r alt  ê t ro  beaucoup p lus  p ra t ique . A l ’epoque ofl
au scm do l’Alliance Atiantique , des jeunos  qens reçoivent  ou peuvent être ame-
nCs A recevoir l ’ ent ra tn ementn  au pi lotage en dehors de leur pays d ’ or iq ine , dens
des Ccoles dépendant d’une Force aCrienne al ,iée , Ii seralt hautn ement  souhai tabie
quo des experts arrivent enfln A s ’ accorder pour proposer et f i x e r , one fois  pour
toutes , un~ méthode normalisée d’ apprCciation des anomalies dos couleurs incompa-t ibles  avec là p ra tique  de l ’ a v i a tlo n  m i l i t a i r o  et is sCcuritC àCrienne , dans los
Forces aér iennes  do I ’OTAN .

4. hlypermétropie — hlCtCrophories

bans cc domaine de i’ unification , ie memo problCme existe concornant d’autres
élCmonts de l’examon visuel de selection. Je serai brof A lour sujet et ne dis—
cuterai pas là valour do i’importance qu ’on leur attribtio . Mais no pourrait—on
fixer , dans ics Forces aCriennes de l’OTAN une valeur num rique commune pour le
degrC d’hypermCtropie ontratnant i’Ciimination? No pourrait—on faire do memo
pour là question dos hCtérophories? Ii paralt aberrant qu ’un candidat puisse
Ctre acceptable dans certaines Forces a(’rlennes do l’Alliance oh Ctre refuse
dans d’autres pour do tols ClCments intorvonant dans l’évaitcation do ia fonction
visuelle.

-
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- l’s leurs 1 cc i ; I u ’s 1’I- ’ ; mCi ’S icc b ones 
_________ _________

hlypermCtropic I-:su il h c o r I e  Exophor ic h ype— ou hhypcrphorie

lIe 1,; lulu c’ 2.25 8 (i

C a c u a d u  2.50 i , hi I

RCpubi L c j u c
FCdéralc 2.00 10 5 1.5
d’A i  I i’cnn a ’lnc

France 2.00 6 6

Grande—Bretagno 2.25 6 2 1

NorvCge 1.75 10 5 1.5

U SAF 1. 7 5  10 5 1.5

US N avy  2 . 5 0  10 10 1

US Army 1.75 10 5 1 . 5

En presence d’une variabilitC aussi marquee , on est en droit do Sc demander  s’il
no conv iendra i t  pas do revoir touto cctto question , sans aucun prCjuge .
Encore , fo u t ajouter qu ’on matiCre d’hCtérophorie , si l e a  l i m i ti ’s ci tCes au t a-
b leau  2 sent dépassCes, ii n ’ y aura  pas d’élImination du candid ,ut pilote , scion
lo s r (q l emen ta t ions  f r a n ç a i s c , b r i t a n ni q u e  et a ll emande , Si un examen cu r t hopti—
quo dC’cC’Ie une amplitude do fusion suffisante et si i’Cpreuve au caisson A dC—
press ion ,  A l ’ a lt i t u d e  do 3 , 500 met r e s ,  pendant  20 nc inu te s , n ’ec cr , u i n e  aucune
di plopie ojective. Aussi , là signification pratique dos valecurs nuncCriqucs as-
signCcs aux limites d’hCtCrophories dans les diverses rCqiementations para!t ,
pour lc mom s, sujette A caution aussi ionqtc’cnup nn quo ces discordances n ’auront
pas d i s p a r u .

5. Pe rcept ion des d is tances  et dci r e l i e f
Sa determination n ’est pas prCvue dans los rCqlementations britanni que ot belqo.
Los autres rCglemontations utilisent les memos mCthodes et lc critCro .~ norma—
litC est bien fixC dans los deux techniques utilisées , A savoir los steréogram—
mes do type Vorhoe f f  ot l ’ appa re il  de H oward-Doiman.
Le veritable problCme gui se pose A propos chin tests proposes pour mesurer là Ca-
pacite do perception des distances et do re~ ,ief chez les candidats porte , non
pas sur la nCcessi tC d c  possCder one percept ion  c o r r ec t o  en co domaine , — cc qul
va do soi — , mais sur la siqnificati iici rCelle de ces Cpreuves dans là select ion
des aviateurs . La question est do savoir s’il est raisonnable et justifiê d’C—
liminer des candidats qui no rCussiscc’u t pas ces Cpreuves , alors  que l ’ apprCcia—
t io n des d i s tances  ot du r e l i e f  ncet en j euc , au dCcoilaqe , en vol et A i’ atter—
rissage , di’s hacteurs importants do caract (ce monoculaire , qui n ’intoc’viennent
pas dons ces Cpreuves utilisCes pour Ia sC1ectT6’

~~

I,. Résistance A l ’ Cb lo u , t:c ;ement
Sa mesure est o b l i gat o i r em en t  p r a t l u h i u C u ’ en France , A 1 ‘exancen u t ’ a dm l s s l o c r  pour
tous les candidats ph otos . Elle se ncesure pac le test de Itailla rt . Ello  do l t

ensuite Ctre rCalisCe tous les 5 ans cci exp ect iso rCvisionnello pour tous los
pi lotes . Si Ic’ t e s t  do r Cs i s t ac i cc ’  A l’CbleuIsscment en;t anorma l , mais Si  l o
blian de là fonction maculaire no rCvCle aucune anomitlie , one o r i e n t a t i o n  v o r s
le transport sera proposee.
Cot to étude est c ’qaiom cnt  r Ca i i s Ce  en Allema’ine , A l’ examon cl’ odm lssiu ’cu .
Elle n ’ est pas effectuCe clans los t- ’orces amer iou jutes , cii A Li R u \ t - , cii  ch ant s Is
Force aCr ienne lie 1 qo , n i dons I a  Force oCr I c ’ccc r i ’ c , i c u , i u h  I i ’nno , cii dans h a  1-’,ir c,’
at’ricnne norvCqionne .
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7. Souil mnorphoscopigue nocturne

I l  est mesurC , dans l ’Armée  de i’ t t i r  fr a n ca i s e , l e r s  de l ’ i ’x a n n , ’ n n  d’admission , A
i’ aide du scoptometre de I3eyno .
bans l’Armée de l ’A i r  a l l ecrno ndo , co t t e  Cpreuve n ’est ~55 p r u t i q u C e  s yst C nu at i q u e m er c t
A l ’ examen d’ adm i s s i o n .  On i ’ e f f e c t u e  iorsquo los a n tCc é d en t s  f a i n i l i a u x  ou person-
nels, l’Ctat des miiieux réfrinqents ou les modific ut ions du fond de l’eeil font
croindre one dCficienco do l’ adaptation 21 l’ obscuritC ou lorsque cello—ci se mani—
Ir ’ste A l’ occasion do test do résistance rétinienne A l’ét~iouissement , ou du com—
porteiccent dans l’obscuritC.
A I USAF et PUS Navy, le test n ’est pas pratique systematiquemont , mais seulement
dons des circonstances semblables A relics prCvues dans là rCglementation allemande.
Les autres réglementations stipuient quo là vision de i’av ’ 

~teur doit Ctre normale
dans l’ obscuritC , mais n ’Cnoncent pos one technique détet c , ni dos prescrip-
tions particuliCres.

8. En conclus ion :
Les critCres relatjfs A la fenction visuelle ont toujours constitué la cause là
plus  imper tante  des e l i m i n a t i o n s  chez les candidats aviateurs militaires. La réduc—
tion des capacites visuelles par l’Age est une source de difficultCs en cours do
carriCre , si des tolerances trop larges sent admises lors de l’examen initial , en
matiCr~ d’anomalies de r e f r a c t i o n .
Malgré la precision des techniques d’examcn en ophtalmologie , on constato des di-
verijences importantes dans los valeurs limites prévues pour l’admission on cc qui
concerne les normes de vision. II  sembie donc qu ’un effort de recherches , prépa-
ratoiro A one unification des concepts sur le plan medical , A l’ oxclusion de i’m —
tervention des concepts extra—médicaux , gui viennent parfois s’ajouter pour inflC-
chir ot assouplir los desiderata médicaux, soit une recommandations legitime ot
justifiCe au moment oO one nouvelle generation d’avions de combat commence A equi-
per les Forces aériennes de 1’OTAN .
Quant  aux tests dent l ’ emp loi n ’est obl igatoi re  a l’admlssion quo dans on Cu deux
pays , le test do resis tance a l’éblouissement par oxemple , ii est souha i table  que
l’ apport pesi t i f  de ces tests a la secur i te  aCr ienne  puisso ê t ro  établi ct  démontré ,
en ind iquan t  le pr ix  qu ’ ils  exigent  sous forme do pourcentage d ’C l i m i n a t i o n  do can-
d ida t s , a f m n  quo là gene ra l i s a t i on  de leur emploi , si c u e  ost preposée , puisse
etre recommandée sur des bases sc ien t i f iques  convaincantes  et i r r é f u t a ble s  aux au-
tros Forces aériennos de l’Alliance.

B. CRITERES AUDITIFS

Connie il n ’existe pas de grandes divergences dans les règles relatives A la pa—
thelogie ote-rhino—laryngelogique , nous neus limiterons au problème do l’ acui tC aud i—
tive oC regne un certain degre de discordance entre les diverses prescriptions regle—
mentaires nationales.

Toutes les réglementations demandent qu ’un audiogramme tonal en conduction aérien—
nes soit pratiqué dans le silence, pour tous los candidats.

Dans certamns caS, one exploration plus complete peut être nécessaire. Elle
f ai t  appel aux d i ff ér e n t s  tes ts  d’ audiométr ie  tonale  et vocale.

Connie pour l’ acuité visuelle, des differences impertantes existent au sujet du
deficit maximum adnuissible pour chaque frequence.

Le tableau 3 est un tableau coinparatif des deficits auditifs admissibles pour
les candidats élèves pilotes dans 9 réglementatiens (2)

. 1 .
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tob ,u l t o t a l  do t o t a l  t o t a l  cli ’
cli ’ h O  210 cli i di’ 210 dlu
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be t a b l e a u  1 montro c]ue
c ’ I ng des ‘) c’2 cj  l i ’u t t e c i t  a t  l e n i n ;  ire ic u c t t  aucun  ( u m u , c ’ c e  do Ia t’rCquence 250 hertz;

2 .  pour Ia  f r C quonci ’ Ic 500 I t e r t  ;~~, une  r 6 ’ t l e n t n i ’c t t , u t  l e n t  a u to c ’j s e  uc i dC f i c i t c l i ’ 10 db ,
quat r~’ u 2 ~ lenient a t  io n ,’; ac iu nce t  t e n t  tin c l o t  I , ’ i t  n t cax ictcuc t n d o  15 it et qiuat c’ i’ ou t ri’s un
d i ’ i i c ’ it cuco x icrium di’ 20 dii
pour [a t réc luuecc ei ’ do I . 000 h o rt  , ci ng r2i~ l i ’ct ui ’ c n t  ,ut l ou t ;  p e r m e t t e n t  Un c t 2 f  i c’it maximum
do I db et qua t n o r~’’c 1 ecccecc ta t ions un dl ’ I I c ’ i t cntax I cr c c uccr cli’ 20  db;

4 . pour I a c r o c p u e c c u ,’c de 2. 000 lieu’ tn , ci 0(3 rO i l octcoli t ot  iocis pern cc t tent cc n del’ i ci t ncax m u m
cli’ i i  c l i i  ,‘t uluot ro r”~ 1 ecccecr t at I out; n f l  , 1 i ’ I I c i t max icrc iunt do 20 db

. A  p,ur I i r cli ’ 3.000 hut -n t ,m , los c i i  sc’orcl,i ct c ’es scuci t I i ’ l I t ’in quc ‘ une c’c T c U 3 i ,c r,i I son ci ’ oat pl u s
cit I I i— .

En cc cju u cencet ’ni’ los c x i  ‘ )i ’ rices no lot i i’c ’m ; A I ‘ ,lucl I eq r on cctre t o  cta  I , i c n t } i c l n u 2 clans
o u t  i ’m ; los req i omen tat ions , on no lCve donc des c l i  I I 2 re ctc ’em; su ff1 sancl uent i mpot’ I suites

lii iuc docrne ’ r crc a t  j A r , ’ A des etudes p 1-us appc ’o t  e u n i c h i e t ;  gu i  c h i ’v ra  i e n t t  di ’ I i i u u c c ’t t t ’r , i i  I i ’s a uss i
sur unc ncc ii b ore ~‘c u n t c ’di rcl. u ct c ’,’ , A cl( ’ l o ut  c i ’  1cm’ ccci i f  i c ’,c ion par Ia I te di n; r e d  lenient at ions
en Ci ’ ~loma icro .

C .  l”ONC’l’ I ON VES’l’IHUIAt Rt~ El’ MA t ,  liE 1, ’ AIR

Ic ma I cli ’ l ’ a 1t Ott cint dun noncbro co I,ct I \‘c’ctcerl t i ctrpoc’tant c i ’  C I  A v i -s— p I lot cm; 0cc
c ’c i ( c t S  c li ’ 1’ appront i Ss, ic 3 i ’  ch ic p1 l o t  , c c 3 i ’ .

t u l l e  ( 4 )  , A cc l i c c i p u i m ;  , cit i ’ c la n s  1’ Ac ; , r r , i o i c ’aphe 177 los oh i t t  ros t’(’c’i ’ci t  a sic i —

r u t  i; , Iu ,i ‘u ; ’ ; sur los rappci r t mc cli ’s mon I t  u -c u m u  cia cia lo s  Oeo I es d o  I i  lot u t  c’ do la RAF
Scu r lt ’in i/i ClCves—pi lot i’m ; stir I u ’ u d l t c u ’ It; I’ ertqcuétc a port 2, 2 4 , 1% ‘nu t au ’uffct t d ‘ circ e
f o r me  l , ” t , ~rc ,hi ’ ut c a l dr’ l ’ a l n  d u rac i t 1 ‘ i- c i t  r a inen c i -n t  act p i l o t  c u ’ . Colic f o rm o  I C q C c ’ o a
e c i c u  t c u r i C  I ’  o u c h ,  no I nenront  ma in ;  n ‘a pas oo c rc l t u  i t  A ccci n , ’t a c- c l n o t ab i  0 , i ,un s  Is  ~‘ c o u t r i ’ss Io n
cli ’ I’ instruc t ion en vol . 1-1 , t i% des C lCvos  ont soul t o r t  d ‘ one h u i r c n i ’ do cnia I he  1 ‘a i r  sic f —
t I socc cunci ’nt t r , u v , ’ pour I cci or t C ” r er  , u v i ’c’ la pc’oct i’t’nu (u ion dC I ‘ on t r a  I not ut enu t e t  ciCterstiner , en
c ’cic ts ’cp ucc rot ’ , 1 ‘Cl Incina t I c-ui de certa I irs ci’ cci t c’c cccx.

A u  c t m ;  I , h u i c n c ’ , scIon c ’~ ’ t t  e at dut  1st ique  a ’ oppl  iqcuant A nrc groupe soucnr i ct ,r c ix  cuCt hodos
.Ic ’t cut ’  I I i ’m ; cI • t ’nt n o t  nec cu ont , 38 ,7% dos élCvos—pI lot os d i n t sou f font do nca I cte I ‘ a i r  21 1’ c t r t i ’
ou; 1’ , i u u t  c i ’ p~’c I c i c l e  ‘t i ’ l i ’ur o cc t  ratnoment , le plus u ;cuu cven ut l a  l u i c r icicle l i i i t i , r l c  . i i  li e c t 0
c I , ’ temps ci t j le ,i (‘tC part icul lCrement import ante c’tu, ’n~ 15% cli ’s 2lA ~’i’s.

I,e~ pertes c ’o c r m ; i c l ( ’ r a i u  l o t ;  d c  t emps et cl a r ’ c i ’cn t dons  I ‘ u p p l  i c ’,it i o n  c i t ’S Pt ’odl t’aciiciucs
c l ’  cci t c a t  c rcncecc t  , et I a per to d ‘ c cc i  l o t  d ’  ( ‘lCv c ’s—p I l o t e s  ;i ’ si t c c a n t  en t  ni ’ I A 8~ men it oc’c t

u cce attention pant iou I iCni- sd i portCe au proiclCme .
I I o i n t  I ,u c i l e  do rCsumeu’ lo contenu c l i i; rCqicnccntot i on s  sun c i ’ jio i n i t , ~ar  Il est

b r e f  ct ,rv,u i t ’ d c  c i e t a l  is... i ’li i ’z Ic  c,r i c i I c h , , t  p t l o t c  oh c h i e n ~ 1 ‘ C l C v i ’ — j u I  l i t  c , l , u sensibi—
l i t C  excessive ,r u ma I do 1 ‘ . u i u  et  ou t mal cit ’ s t u a c t m ; l i u u c t mc , iu ,i c ;i” t ’ s tir  ,li —m ; , i c i t l’c ’O ,h i ’ct t mu 
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~tec1’1i t~uhlc’tu i ’ t  ~u O u  I I  i , u l u l o s , c i o c t  t , u c c  ,‘ s ou h ic , u u u c t i c c u n u ’  I u y I u , ’ c  — c xO jt, chuc I u t A  . c m u t nhuu u l , u c c i ’
c i c u circe I;-;; uc u c t v, ’u ; t t h u  1 d I l  I’c . I c  tria l cl i ’ I ‘ c u  n iu ~ ’ 1’ i ’ ; u t  , ‘ c u t c ,c u ni ’! c u t s’ u i ( ’ c ’ u s  i i  ~~ ci • i capt  u —

I, cudi ’ quo s u  sot-u c s t , u c ’ t  Crc ’ n u~’c u ,unu u ,’’l c c ci ~ bj i ’ p l c  i t t  , i i ’ ; t u u i c u t  c ~- , , u j u c i -  m , i ’ x , u c t c i ’ u r  ‘‘c ’ , ’ c c t  u u , ’l par
Ic uua’ ch, ’c ’ici Iu m; l ’c’tn o l c i c j c i c  . l,c cia ! dc 1 ‘ i i i ’  sc u c ~‘ i ’u i auc t  cl u , ’;t ch i t ; i~i ’ c  m ; c i n u u u l i t  (‘r ; l i m ; l ’ c ’ t u u r p s t  id —

3 l i ’S c’crt c , t  u c r c  I’ Iuiapt i t  cccl i ’ . D a t u m ;  Lu c ( ’ ’t I i ’ unu , ’ c r t  , i t  con  c i , ’ 1 ‘tTS,’u,l- ’ , is  c i i ’s’ i t ;  i c ’ c u  I I cia I , ’ c i ’—
I c ” i,’ c ’ do S u i t  ~I c ’ c i c t  Air ‘l’ u - ,i u c t  I ctc 3 Ccc cc ii r c ,und ou c l u u  S u i t  c i ’ c u cu Alt - I t  c i ’ Ai’,u c li ’nti1’

I t ’ t e x t  c cie Ia i;’u iIc ’m euut ,u t c u u c u  I 1’. u i iço i m ; c ’ t i - l i t i i  acux i’x}Tt ’u t um ; i ’m ; i (’c’usi o rr n oll , ’m ;
true pa no I t  p u  i t  i ou  1 I i’ t’c’cc uc ’u c t c ’ L a !  r — J i ’ 1&~ c i t  i ’  :

“ I ,, ’ cru ol d c  1 ‘ ci r ci! sp a ta l t  doci s 1,1 p lcupa t t t l t ’ m ;  c ’. u m ;  . i 1, i C s  uni ’ 00! 1,1  u ti ’ l i / u i c i c l e  ,l ‘ ,I cc ’i u u c —
u im; u a h o t ’. 11 no p c— cut deveci l F tint ’ cause  cI ‘ inapt u t ccli ’ gut’ s i son c’,u c c i t  i- - c  i ’ r a ’ u c  . tmC I I i i—

“ r ah ul i ’, Ic C  soit  A des t c u u u c l u l , ’t ; i i i , I ‘acl~~pt t c  t i n , croi t A c l i ’s t c ,u t u l i i ’ ; l ul ’y u int l c ig c u i ’s,
‘‘ i u a r a t  t d (’mocct c ’  . 1. ’ avi c; c l i ’ s i~x l i c r t . s  do p y c ’ l t u u l c u c t  c i ’ u t  ci ‘ o t c i — c I c i c r o —  l , t r y c i i t o l c i c l  i i ’ d o—
‘v u e u u t  di l o t s ~t r d i sp e n s a h 1  i ’ peti t ’  pr ’ou ci ir i ’ urut ’ cl i ” , ’ c m ;

En cc cj u i  cOn ct ’rn r i ’ l os  t c’m; t s A uruet t ui ’ en ,uc ’ucvu 0 c ’t 1 ‘ c ui tt ’rjic-( ’t at i u u c t  c I t  I ‘uu is
c- m ;u u l t a t  m c , lea  n(’q l en i e n t  , i t  i c r n s ’,;c i cr t  ex t  t’( ’ncccnii ’Tn t c i i  m ;cu ’/- t i - n ; u t - i ’ ’ ’ ;  I o ur  u’c ’t ’onu riacici ,ut I o n .

l i e Ia li t  ;/ ‘u ,utur o icuc ’ i i ’ Sn  )ct , on pt ’ut c ’c c u c i u c i ’ qui t ’  I ’ : 1  c~ t ’st c’u u r u t ; I c l C r C i ’ c ’dmmt’ ncr
[ac teun ti-Os import ,unt , su ctc u uu Ii’ p L u s  n n t u h i , u c  t a c i t  , dons  1 u 1i ,~~’ ‘ , o cj ( ’ c ij e  do uti , i i ci i ’  1 ,uI
mau t tot,u t dons  Ic ’mu i c i r - c n t , ’s i ; c , u v i ’ m ;  , Nc i u u s  t c , u i t  , ‘c ‘na c ’~~ t , u m ; h u i ’c’t clans 1,1 sect i c u c c  an t i - n i t  c
il o cc rapport , c ’o tt sac ’rOe .1 la  s C ic ot  j o u r  P SY c ’h t e l c i c t  lg th’  i ’ t  .1 so ccu c c cp l i ’x i t C .

Sun  l e  p I~~n ves t  ibu  l~u i u ’ c , I ‘ ex .unteui el ici Icicue c’cuc i m; h a t t’ 21 u ’ i ’c ’h i c ’nchcc -  u i I i ’m ; c (~I u u u c t m ; i -s
labyrint h ic l ui ’s sent uctic ’cu c ,rI cmi e’t hac’ctruin louses ,uuu x St i c u i c u l a t  i c u c c a  c i  j n i c i u o m ;  . c’t ’l I t ’m ; — c ’d
r ;c int  r;’a Ii set’s pat’ des ; ‘ I iu - i ’u v , ’t ; c- c i t  , u t  i i i  d i ’s , p ,u t ’  c l i ’m ; A pt  i ’u i v i ’S i u o u ’ c n c l c t u u c m ;  f t  ‘ I d i , ’m ; ot c ’h rai u—
c I t ’S t ’t p at  is r’ec’lu ctcict ’ en Ciect c ‘ u c t y s t  oqmoc~t’, u ~ut u I i ’ i t ’  u u u r  ucym ;t ,uqncus spcunt act ;’ lot eci t

i’ta ig r(’ 1 ‘ ex(’cu  t iou cie cc;; (‘pc-etuves , 1 i’m; ret a c u l t ;  m ; A c  I t ’u u x ,lauis I .u pr o t c - i’ a sj ,  i i i  c i , ’
1 ‘ ent mr inccrccnt ot lea A l iuci I tat lonm; en c’c’oI e di ’  1 r i  1 , u t  c c i ’ pour lo met I t  c l i ’  ma I d c  1 • ,u i t
mon t  u i’cut li ’s di ll icul t Au ; , v i i i  c e  1 ‘ iuu upossib i  i t  C’ p o u r  let ;  t ;p Ac ’i a i  1st  i’s lu l l ,  et I ,  - ‘ - v  I i , ’

cie prCvo I r avec c’i-c t it ude , pat ’ La cci t t I oc tc ’ t i e cu  cli’ 1 cut’ s nu o y i ’ n u m ;  , lo  m c i i i ’ ”  ‘‘c r114 ’ t ’ I
u ucup o r t .uccce d’ uric cinCtoso . be h i c c u h i l C n u t ’  n ‘ , ‘ m u t p ,um ;  neil I , 11 ,u A t  A 3 u c u s i ’ c l A  t A  , i t i  t t’i~qiS

d c  I a pi’ enriCre c3uerrc mondia le . /1 circ e  Ap od !cu o I i i  us I u c c uc ’hic cic c i c u u c s  , cur l i i  , dr~tcudp i ,-c t c
I , , u l ’ , u r t h i c  t’t I,on l aj r t — ( 5 )  p rop osoct ’ur t  d ‘ c i t  I l  user’ ,h, -m ; c ’j lvi ’s c c l c i i , , t l t ’s q u i t pt’i-me t t c a I i c c t

nv t ’ s t Icjst ion c i i ’ 1’ (‘gui 1 ib r a t  ion ci~ ns son onuso cnu i r l  c ,ui’ co so sy nnu h it ,i cm u ,u t c i  1 d u c t  I i ’ c ni ’t irc i— vi ’--’
u ; id  it  l v i ’ , puis do soumett no Ii ’s cd m -;ti I tO ts , t u i  c ’nl t C l i ’ m ; u c ’c ’A r u — C c b t e c - , ‘ t t  i i ’, u l , ’ cli ’ p i  l c d , u c c , ’ -~
1ic  ‘ut dC- te rm I nor leur valour prCd Ic ’ t ly e .  I d i r t ;  dcc prem I on sy u r tp cu s toni d c c Pant ’ I i ;  c u u — m ( ’ d  I —

c ’,i 1 di’ I ‘ AdlAi/1) en dCcencbrc I 954 21 I’,i r is , j ‘ ova i t ;  rap }icsr te let ; rC’su 1 t,ut mc ci’ one i’xtu(’i’ c —

nuentat id uui ossez proni~ t t ouuse quo j ‘ova is inut iCu .i I at  oc crc cit  cttc- n (’e cl , ins  ci ’ m ;i ’ctr ; cu r 1 . 00 AIC ~d e s— p u  I c i t  es o n t re  1 i 3 i, 1  ci 1954 ( 3 ) .  I i  S ’ oc3 i m ; S a i t  d ’ une  (‘pu -o t uv o  r o t a t o i r t ’  a s m s ’ n m  v i e —
li -n t o , so iv! i ’ c i ’  cccii ’ mosuu-c thu t cutups n( ’cesss I ri’ 3ic iuc r c ehuu ’cndu’(’ Is pea i t i c it i  i-cu t I c’a 1 t ’
c t  , t l u b e  dans 1 • (‘preuve di ’ Ronulaet-c; m ;i ’uc s ibi  1 15Cc. I,~ s an jet a ocint; ldCrC a c’onun c h r yp er e x c ’ I —

t a b  lea ( temps sci pCrlcur ,i tiOsoconcles ) z ’cpu ’A au - cu  t , u  len t 11, 7 5~ ci cm 1 u t  di ’ I . 200  cond idat s
pi h i t  os 8O~ do ces su et s lnype nt-xc I t , u i u  I i’m ; ( sc i i t 7% tIe 1’ oursenrhle cit ’S c ’,i t i t i  I cha ts )
i t  S 1 i’nit ci m u  n(’s au coo ta do 1 ‘ l- cc’ Ic c l i ’ p 11 cll , c c t c  (‘1 (‘cuceir lair ,- , d e n t  2 t ) %  pot -u -  ut u , i I do

‘ i i  r ( I  , 7 ‘ci do 1’ ensonubii’ di’s candidat s) . l, c ’~ oh torts l icuu ucsu lv i mu d,icua cot t o  mCnte
direct cart ,t , - 1960 21 1978 , en ccicrn ;ld,”r~~uit I t ’  c om por tenu on t  dc i m u uu  l et  , y c c i n % F i u I s d~~ris Sc’s
r C a o h , i on s  neuro— vCq ( ’t at  ives , quand i 1 i’ mu t mu on s  I ‘ j ui f  iciec ’ cl i ’ cr1 iniu 1 1 t i c ci\ ’ c i q t u a c r t  des
rCoc t  ions vest ibula ires di’ Cor loll s • ocit lout -n i  dc-s rCscu 1 tat a ext i’Cnut’urouut euuc ’ ot cr a i l i ’ a c ut  S
ctrez des investigateurs acrc(’r tea i cis ( t i  ) , c’anadieuis ( 7 )  , et ciOt ’r landa  is (8)

E n c lf et , lo s ( ‘v a l c u ,u t  ions , r (’scubtant cii ’ cOS t i ’m ; t S  t i c  d ( ’s o r ie u u t , i t  ion , (‘toblissent
qcc ’ i is possCdent one v,u leu r  prCd ict ly e  s iqu ’c i f  I c a t  iv, ’  sous 1 anq le auccCs—(-c lc , -’c 21 1 ‘Ccc i—
Ic  do p1 iot aqe , su r tou t  quan t  21 1 ‘apparition ciu nra l di’ I ‘air au co cur s  d o  I ‘ ecu i’aI nocrrent
en vol.

RCcecnrnent , M. Lentz et F’. E. Guedml’ (dl ) ont conf irm(- cos ot ’unolusluan s . 11cr r apper—
lent los rCsult~ ts Loom is par t r o i s  t e s t s  do d( ’so r i en tat  ion v e st i b u l a i c - c  cc c us t  i t u a n t
ti ne bat t or Ic dest inCc essent  Ic I bomont 21 1 ‘(‘vaiuat I on do hi fonct Ion vest Ihutu loire •
tests soot ii’ Dnief Vostibcui;u i- Desorientat ion Test I lWD’I’) , it’ T i l t  e d — A x i s  1/ c i t  at ion
l es t  (TART), et lo V i s u a l — V c s t ib u i a r  I n t e ra c t i o n  Test (VVIT) . Conni e l ’ exCcut  ion di’ oem ;
ests 5 ‘accompaqne do tracurlAc s et do nialaisos chez cent a ic-us individcus , cc’s ou t c-cu rs so

Stint  ef f o r ce s  U • (‘tabl i t ’  c lot ; tochn iq u emu d ~(‘vs lciat ion tic cos nra lal sos durau t 1 ‘ex COut I ecu - I
des tests en vuc d’(’tablin l,i sensibilit(’ ocu nral dii ’ 1 ‘ a i r .  Clraquo scilc ’ t [a l t  I ‘ohIot
d • uric cm ; t imat ion basCe suc’ ics d ’c i t t  t; t atat ions tIc 3 c it u t ; c  m’vs t i-curs petidant et oprCs 1 • (‘l u t elc —

ye &‘t sun los r(’ponst-mu doncr (’es p.~c i i ’ sujet I ci i—nuCttr e .1 ciii quest ionno i ri’ cent r(- cur ses
m,ilolsi’s ci m; eui m ;,it lens. I~ ‘A t ci c h i ’ de L e n t  et d~ucdi ’y cat tutu— compara I t ;t i u t  t / - t  u c i m ; ~ it ’ct lye
clot ; rCsu itot a de ova 3 tests sur tin cj c ocupe do 47 ii t t i c’ I i-ta ; ay ,-tn t m; c i u c  i t  , -u  t c l i ’ tuonibrotux
C p u m ; , i c i i ’S c li ’ mat cli ’ 1 ‘ a ic  pendot’ct, 1 ‘cu-u t no I fe rn -n  I cci i’ol et stu!’ Un ci c’ c i t u j i t ’ do I 2 7  o f t  Ic I ens
~‘t nua r I Os I uL  Is connie c c recipe t ( ‘nun In. I.e ttV1’u~’ - cjtc I es t  ii’ i ’lc ia  s Itrtple our m a t  I C r i ’ d ’  ( ‘gu i —
Iue t u i i ’ t i t  , uuuct i’cr jeu ci es accC I (-rat io tim; cie Cot ic ’I  i s  act c c u c c i ’ s  do t’cut at ion s  tutu - tuc u lout ecu i 1 —

toumnan t ‘u rA ce A tIcs motuvectrent s do t Ct e . I I I n dcu l  t uri c i’Cact iou intnr(’ci 1st e do P°,!~~ ,
(‘~~‘

qu I i- n ; t on I ,ic t cut r in t (‘ressant A ri -I en ic . C~- t  t e m C a c  t icti oat par lii is accoutipatinCo tie
n a u s C t ’m~ t’t di’ vôm i sm ; i ’ crc ( ’ci u a. h ) , i t c  mu Los ci t -tux acu t c-es t i ’ t ;  Is , rCc I onuant cit -u Cqdu I peurrecit hue.rcu—
c ’u u u u 3 u p lus  conupl, ’xi— , l a  t A o ct  Ion tie pout- ost ~ 1 cia I otit  e A s ‘ Ct , ibl  I r . I ,  ‘Ct title at  at 1st 1—
clue d e s  rCsu  i ts  t i c  conf I runt- d 1 ic ,u Ii- I1VIVI’ , t IC 21 i - i l  jd(’ coflic’ri’ 1u t Ac h  lo t e u c r  tie m ; u c c c ’C m ; Ott c i ’

ch it- c 21 1 ‘ t’nt ra I nt’mon t cci I ~3 ( i  ti ( l I t ) pui c;sCde Octal ertrc’t’ut u n c ’c - t I Ic lou t I d O  c ’u i c t A  I ,i t I d u c t  s i  —

‘loll Ic at I I  ovec Ia sons Ibi  1 1 t h -  ui ni,r I tie I’ a it ’ .

Qciont  ,-iux deux , ni t  t i ’ m ;  t e a t  m l , 1 ‘C t  udi’ St  ~t I m ; t  l i p uc  cuuon t u - i- I e u u’  cu t  I I i t  C ch in s  I a
cu Ito d o  oct  to  mCme p r / - c h i c - t ic ic i  , nia is dons  cicr e mi-u i tu t ii ’ e nu—sci ic quui’ i t ’  llVIu’l’ . tIu’ut’ i’c ’t  e t • ( ’—

cml t rci t ,lc 1 ‘add I t  10cr cLa n ;  n ;ou u - i-n ; iii’s 3 t e st s  i ou tu c u l t  tune sCp~ r,ut t c i nu l l cus int’l t e ulcuc i i
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Cote obtenue par une seule mesure  en t rc  le groupe des s u j e t s  sensib les  au ma!  de l’air
01 Ic Jmoope témoin.

Cette étude (‘tablit donc d’une maniCre convaincante qu ’un test de dCsorientation
-; m e t t an t  en j cu des accelerations de Con ch s et ne nCcessit an t  pas un equlpement trCs

ont ’reux et cemp lexe , est capable do fournir des indications prenes t iques  d’ un haut de—
c I n C  de prediction sum he succès ou l’ irusuccCs A 1’ Ecole de Juilotage ( ‘lCcr u enta ire  et aus—
Si sur la sensibilitC au mal de l’air .

Evideniment , rnêirre si ces rCsultats se r e n f o r c e n t  encore par on complement  de con—
firmation provenarut de recherches simulajres effectuCes dans d’autres Forces aCriennes ,
ii serait vain d’espCrer l’Cradication totale du mal do l’air chez les ClCyes-p i lotes
pendant leur apprentissage. Le mal de l’ air n ’est pas seulement tributaire de l’ exci—
t a b i l i té de l ’ appareil  v e s t i b ula i r e .  Ii l’est aussi de l’inadaptation a la situation
aéronaut ique vécue par l ’ él Cv e — p i l o t e  et neus sayons que l’interprCtation de celle—ci
se modifie parfois d’une maniere soudaine et inattendue. Notre critCre de validité des
tests effectués a l’exarnen de selection devra donc se limiter a one courte pCriode
celle de l’entrainement élémentaire au vol.

Mên-ue avec one telle limitation de nes ebjectifs , on aurait déjà réalisé on gain
considerable , si l ’on peuvait prédire avec certitude ceux des candida t s  qui écheueront
inéluctablement dans la premiere phase de l’entrainement pour hyperexcitabilite vesti—
bulaire et qu il est donc inutile d’accepter pou r on essa i, parce que leurs chances
d’adaptation sent pratiquement nulles. L’éconemie qui en résulterait est suffisaccciccent
grande pour s’acharner sur cet objectif ,si limité soit—il.

Les cas qui se preduiraient encore au ceurs de l’entrainement en vol ou en unite
seront, non pas syno nyccres d ’ une pauvre fiabilité de nos tests lers de l’examen initial ,
mais la confirmation que l’adaptabihité au milieu aéronautique est un facteur meuvant
comlcce la vie et courizne toute activité de l’esprit hutcrain.

L éviction , des l’examen in i t i a l  de selection , des sujets hyperexcitables qui
n ont aucune chance d’arriver au terme de l’Ecele de Pilotage , quelque 18 mois plus
tard , et la detection de ceux pour lesquels one trep grande patience, pendant l’entrai—
nement , n ’est pas rentable , s ’ ils vemissent d’ une manière repetee après le loècce vol A
1’Ecole de Pilotage , (K.E. Money (19)), méritent que ces tests prec-u nen t place dams la
batterie des exalcrens de selection. Ce qul imperte surteut , c’est que des recherches
Soient poursuivies selon cet axe, darts l’espoir qu ’elles puissent conduire A une sen—
sibilité encore plus grande de leur pouvoir de discrimination tout en leur gardant
hours qualites essentielles de simplicite dans leur technique et d’écoc-uomie dans l’équi—
pement qu ’elles exigent.

II. SELECTION NEUROLOGIQUE, PSYCHOLOGIQI,JE ET PSYCHIATRIQUE

A. SELECT!ON NEUROLOGIQUE

Toutes les réglementa t ions  separent c’uet tement ce gui re lève  de la neurelogie et
ce qui appartient au domaine de la psychopatholegie et de la psychiatrie , bien qu ’en
pra t ique , l ’ exanien neurologique et l’ examen psychiatrigue présentent parfois des aspects
qu ’il est difficile ou impossible de dissocier au coors de l’expertise médicale.

Le taux d’élinrination du Personnel navigant en coors de carrière poor des motifs
neurologiques est très faible . Ceci semble démontrer le caractère adequat des r églemen—
tations appliquées lors de l’examen d’admission . L’examen électro—encéphalographigue
qul est maintenant pratique systCnratiquement A l’examen d’admissien , contribue certai—
nement A réduire les eliminations en cours d’entrainement eu en ceurs de carriCre , en
identifiant les sujets ausceptibles de développer des incidents de nature Cpileptique .

L’interprétation des traces EEG , pour ce qui concerne l’ examen initial de sélec—
t ion des avia teuns , a donné lieu A beauceup de c r i t i ques, dues en grande  par t ie  aux
difficultés rencont~Ces pour fixer la notion de normalité des traces. Il  en est r é su l—
te un taux , juge abusif par beaucoop, des ( ‘l im in a t i o n s  basCes un iquem ent  sur des dys-
rythxnies , gui par simple mesure de sCcuritC furent estimées e.’ iehors des licuuites du
concept de normalité .

Tout récemment , E.M.R. Critchley (11) constatait que beaucoup de critiques adres-
sees par le Professeur W .B. Matthews en 1964 Sum les techniques d’élec t ro-en céphalogra-
phie et les abus dans l’Interpretations des traces demeurent malheureusement vraies au-
jourd ’hui.

Ii seccthle cependant que, dans hes Fo~cec ~~rionnes , si l’on joge d’apr Cs  los plus
récentes directives officielles (‘cruises pour 1’~~nter’uu -tat-iur, des traces , on Soit mainte—
nant arrivé A one conception , permettant dr pmL-cmu oni r le specialiste EEG contre des in-
terpretations abusives.

La reglementatien de l’USAF se borne A dire que “l es anomalies electro—encéphalo—
graphiques chez des individus gui , pour he reste , sont apparemment en bonne sante , no
disqualifient pas nécessairement sauf en cas do (a) complexes pointe—onde , (b) poin-
tes focales ” . La reglementation française ne comprend quo 5 unots sur he sujet :“ii~
electro—encephalogramm e est pratiqué systCmatiquement” . C’est le cas aussi pour touteS
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les autres réglecttentations. C’est donc dans les instructions techniques ilui complC-
tent en cette matière les reglementations officielles qu ’il faut aiher chercher les
dcrectives qui guident les experts.

D ’ une maniCre  genera le , deux principes se dCgagent: de ces instructions techniques
complémentaires de caractere officiel. Noos empruntons leor énoncC aux directives do
Service de Sante de l’Air françals , parce qu ’elles sent particulierement dCtaillées.

Un trace normal classique , montrant , A l’exclusion d’autres rythicces , one activi—
te alpha A 9 eu 10 c/s et A loca l i sa t ion  occ ip i t o—par i é t ale  symetrique n ’ost rencontré
ciue chez 40 A 60% des pilotes examines et depend en partie de leur tranche d’Age . La
notion de normalité dolt donc être extensive et l’on dolt se garder de non es trop ri-
gides.  Néannuoins , des sojets dépeurvus d’antécèdents pathologiques et chiniquement
sains au moment de l’expertise présentent des traces qul s’écartent de is normalité
ainsi définie. La notice technique francaise relative aux expertises (‘lectro-encCpha-
legraphiques rappelle A ce sujet que “chez les sujets jeones, beaucoup plus que d’une
affection neurologique cachèe ou méconnue , il s agit d’altérations fonctionnf lies en
partie liées A l’état physiologique (jeQne , fatigue , manque de somzcreil) o,,i ~sych ique
(surmenage intehlectuel , anxiete) du sujet au moment de l’ examen , mais en partie liées
egaleirrent A l’immaturation , voire A la structuratien névrotlque de ha personnalite.
Aucune decision d’élimmnation no saurait donc être prise sur le vu d’ un EEG et sans
tec ti r  compte du centexte  ch in igue ”.

L’electro-encéphalogramm e, enregistre lors de l’examen d’adrcrission , treuve une
justification comme trace de référence auquel on comparera les traces obtenus apres des
t raumat ismes  c rAniens  00 dans cer ta ins  états  pathologiques, da ns he coors de la carrie—
re de l’aviateur .

En Ce qui concerne les conclusions de l’examen électro—encéphaloqraphique , elies
sent var iables  selen qu ’il s’agit d’une expertise d’adcrrissien ou d’ une expertise revi— ~~1
sionnelle.  —

La notice technique française donne aux experts les regles suivantes , pour les
examens d’admission

“a. Seront éiimmnés définitivement (inaptitude definitive)
— los sujets porteurs de manifestations (‘loctriques paroxystiques , spontanées ou pro-

“ voquees, évocatrices de comitialité ou au mom s d’une potentialite épileptogene
importac-ute. Un trace pratiqué sous sommeil provoque dent on salt qu ’il active sou-

“ vent les decharges paroxystiques pourra aider l’expert dans sa decision;
— les t raurcratisés du crAne porteurs de foyers lents theta ou delta ou de foyers irri—

tatlfs séquehlaires anciens;
— les sujets porteors d’anomalies fenctionneiles importantes, si elles laissent pré—

sager une pathologie mentale sous—Jacente incompatible avec l’apt i tude  (A confir—
mer par psychiatre consultant) ou si elles s’accocnpagnent de manifestations clini-
ques avant, pendant ou apres l’enreglstrement (syncopes vagales, crises tétani—
formes , manifestations éccrotionnelles exagérées);

-, — los anomalies focalisCes ou genéralisees patentes pouvant faire évoquer une attein—
te cérébrale d’une en gine autre quo traunratique;

— les troubles importants et constants de la vigilance.

“b. Sent déclarés inaptes temporaires
- los sojets presentant des sequelles electro—encephalographiques modérées d’un

traumatisme 00 d’une affection cérébro—méningée et Si l’on juge que ces sequelles
sent susceptibles d amélioratj on u l tér ieure ;

— les sujets présentant des anomalies fonctionnelles importantes , mais directi~ rent
“ liées A une cause temporaire identifiable : jeüne, fatigue, insomnie , prise de me—

dicament, etc...
— les sujets trop jounes ou immature s, dent on peut espérer que l’EEG so normalisera
ou se stabilisera avec le temps.

‘c. Sent déclarés aptos A titre temporaire
- les sujets présentant des anomalies modérées sequeh la ires d ’une affection antérieu—

re ancienne ou des anomalies fonctionnelles dent on veut surveiller l’évolutlon ,
sent susceptibles do se voir accorder une aptitude normale, mais sous reserve d u n
contrôle semestriel ou annuel;

— bien quo I’EEG soit normal, dans certains cas, l ’aptitude pout êtro limitée des
“ l’admission en raison d’accldents 00 de manifestations cliniques antCrioures A

l’admission et nécessitant des contrôles de sécurité pendant one période prolongee
(2 ans étant un maximum) .

‘U. Sent declares aptes sans reserve

— les sujets entrant dans les limites do la normalité éloctro—encCphalographique con—
-: “ cue de la façon ha mom s h i rcrita tlve possible.

.1.
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Note :“Dans l’état actuel des connaissances , los résuitats do l’ oxamen éloctro—encê—
“phalographique n entrent pas en ligne do compto pour l’attribution des stan-
“dards propres aux dlversr’s fonctions do Personnel navigant . Los candidats sent
“classes “aptos” 00 “inapteS ” .
“Par exception A cetto reglo , certains candidats présentant une hyporsensibihite
“A la stimulation lunrineuse intermittente pourront être déclarés aptes, sauf au
“pilotage des helicoptères , en raison do l’ effet stroboscopique des pales d’hC—
“coptèrer
Mais , comme le signale l’Air Vice Marshal O’Connor (12), ii ne faut pas eubhier
que des aviateurs qui developpent de l’êpilepsie durant lo service , peuvent trCs
bien avoir 00 dos traces electro—enc e phalog raphiques no~~ aux A ho ur admission .
L’électro—encéphalographie do routine n ’identifiera donc qu une partie des so—
jets gui constituent un risque élevé pour le developpemont de l’épilepsie au
coors du service . Cet auteur rapporto quo sun 10 aviateurs qui presenterent de
l’épilepsie durant le service , trois avalent one anomalie pointe—onde dans leur
EEC mais 5 do ces 10 aviatours avaient on electro—encéphaiograicczcie normal. Ne-
annreins , l’électro-encéphalographie do routine , malgré sos déficiences,ne peut
quo réduire Ce déchet neurologique en identifiant do mieux en mieux la plupart
des candidats qul sont susceptibles de developper de l’epilepsie.
Quant A is pathologie neurologique , elle reçoit beaucoup d’importance dans tou-
tes les réglementations. Los histes do maladies ot de sequehles do maladies et
d’accidents entralnant l’inaptitude présentent one grande concordance. Mais he
nonthre des eliminations reposant sun une cause neurologique n ’est pas important ,
statistiquement. C’est l’opposé de ce quo neus allons voir dans la selection
psychoiog ique et psychiatrique .

B.SELECTION PSYCHOLOGIQUE ET PSYCHIATRIQUE

Les evictions du personnel navigant poor dos raisons do nature psychologique et
psych ia trique sent ~aibles en unites opérationnelles , mais trés élovées en école de pi—
letage.

O’Connor (12), faisant état de statistiques relatives A la RAF portant sur 15 an—
nées (1958—1973), estime A 2 ,23 o/oo par anné e le taux moyen d’éiimlnatiens pour affec-
tions psychiatriques. Mais, pour les jeunes gens n ’ayant pas 20 ans, ce qui est 1’&ge
dos élèves—pilotes, les radiations pour des affections ayant fait l objot d’un diagnos-
tic psychiatrique s’é lèven t A 8 ,4 o/oo. A cetto donnée , ii faut ajouter une perte
constante d’élèves—p ilotos pendant l’écolage : le taux de radiations pendant cette pé—
n ode est approximativement de 33%. Dans ce groupo , O’Connor a constaté quo 4 0% do ces
§chocs relevent d’une cause psychologique 00 psychiatnique. Ainsj donc , solon Cette - -

estimation , 10 nombre total d’inaptitude s survenant en école de pilotage et attribua—
bios A des causes psychiatriques ou psychopatho logiques dans le groupe d’Age do 18 a - ‘

20 ans s ’éleverait A environ 140 o/oo par an (8,4 o/oo + 40% de 330 o/oo).

Ce déchot important  se produit en depit d’un examen psychologique , do tests
d’ aptitude et d’un exanren medical dmnigé vers l’observation do données importantes
dans l’évaluatjon du psychisme.

Comment Se prCsente Cet examen do psychisme du candidat?

On pout dire que dans teutos les Forces aérionnes de 1’OTAN , le psychisme do can—
didat est d’abord étudié A l’ occasion do l’ examen de médecine généra le. Le bilan neuro-
psych iquo , gui est amnsi dressé , est éventuehiement complété par on examen nouro—psychia —
trique 00 do psycho logie ch ini que , prat iqué par on médecin spécialiste en nouro-psychia-
trie 00 psychologie.

Cet exaiclen d’essence en tiè remen t mêdicaie et deicrandant beaucoup de teicups en rai-
son des interviews et des tests de personnalite est fréquemnrent complété par des tests
qui , tres Seuvent , no relèvent pas de la responsabilite do Service de Sante. Ii s ’agit
de tests do capacité d’ adaptation génerale permettant de mesuren le nivoau d’inteliigen-
Ce , la rapidité do l’onientation dans l’espace , le degré do cocrdination des 4 membres
en reponse A des stimuli sensoniels, los temps do reaction . En outre , on trouve aussi
trés souvent des épreuves servant A determiner ha capacité de prendre des decisions dans
des périodes de temps de plus en plus courtes. Enfin , ii existe encore , dans co groupe
do tests échappant A ha responsabi hite médica ie ,des épreuves de conna issances scolamnes
et des tests de psychologie do groupe.

Cette fonme d’inves tigation do la capacite d ’adapta tion generale et de certains
aspects de la persennalit e du candidat n ’ost donc pas régie par des réglementations re-levant du Service Medical , bion que trés souvent des ncédecins psychologues y part ici-
pent et y jouent on rôle très important.

Les méthodes utihisées sont trés disparates , d’ un pays A l ’ autre. Ii résulte dei’existence de Ce système A double responsabilite quo l’évaluation du rendement de laselec tion psychique globale des candidats pilotes a gagné en difficulté et corruplexit é .
En ce gu i concerne l’ exanren medical proprement dit du psychisme , certaines régie-mentation s médicales sont relativement peu détaillees. D’autres, notamment les rêgle—montation s aménicaines , fournissent des listes trés completes d’ a f f e c t iors et d ’anomaliesentratnant Pélimmnation.

‘ I .
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La rCcjlementatien mCdicalo française pm~ scnte on aspect original extrCnct’cuent in—
t’aressant , en co sens quo le texte do sous—chapitre censacrC A l’examen do Psychisme
attire h’ attention sur les rCsultats que l’on pout espOrer recueiihir dans los trois
phases successives de l’ exanren do candidat, deux d’ entre cu es relevant de l’examen
qCnénal et ha troisiCme appartenant A l ’ examen spCcialisC . Pour chacune do ces trois
pirases , los (‘tats qui erctrainent l’élirninatien 00 constituent des signes d’ alarme sent
mentiocinCs. Cetto progression dans ha marche do l’investigation aide singoliCrement
le t ravail de l’expert dans cot aspect difficile et dChicat de la selection 00 les
états marginaux sent plus frequents quo les (itats pathelogiqoes bien caractCrisCs.

-~uand los diagnostics sont établis , ii est evident que hes regleutrentations amC—
ricaines facilitent les conclusions de l’ expert medical en lui offrant , dans on texte de
caractère officiel , he motif précis de l’élimmnatien seos he libelle d’on diagnostic.

Ii semble qu ’une fusion de h’approche francaise et do l’approcho arruénicaine Cons-
tituerait un ideal.

A titre do référence , neus dennons ci—après , lo texte integral de ha r6~jlementa-tion francaise

“Examen psychigue

“L’examen do médecine generahe dolt s’offorcor de dépister certains antCcédents et on
“certain nombre do signes chiniquos d’alarme.

“a. Etude des antécédents

Les sntécéderuts Sent soigneusertuent étudiés , aprCs one miso en conf lance progressive,
“ excluant toot interrogatoire standardisé.

Sont systématiquement recherchés

(I) Certains antécCdents éliminatoires d’emblee
— Antécédents psychopathiques porsonnols manie , mChancolie , bouffées déhiran-

tos, confusion mentale , états schizophreniqoes , névroses (hystCrie obsession—
nelle , névrose d’angeisse), perversions , reactions dépressivos rCpCtées .
Tout sujet ayant subi one therapeutique en hopital specialisé ou en maison
do sante psychiatrique est êhiminé.

(2) Contains antécédonts gui justifient on examen psychiatrique spécialise :
- Antécédents psychopathiqoes fanriliaux.

— Enorésie tardive , somnambulisme passager, torreurs nocturnes, crises oo réac-
tions névropathiques , hipothynries ‘ep etées 00 d’etiohogie imprecise , mal des
transports , migraines répeteos, begaiement , instulbihité (ccuotrice , éccrotionneh—
le 00 professionnelle) associée A des reactions i~ripulsives , reactions mediCo
légales , dehinquance juvenile , tentative de suici-te . I -

‘b. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

L’exanron de médecine générale est l’occasion d’observatlons sun l’état psychiqoe do
candidat , tan t sur he plan du niveau intellectoel quo sur celui do l’equihibre êmo—
tionnel , sur le compo r tonrent general et l’attitude . Los observations effectuées,
le cas échéant, par los divers médecins—oxperts do centre sont mndiquées A l’expert
do médecine générahe , gui s’ef f o rce d’ en faire la synthèse ot adresse , éventuehle—
mont , ho candidat A on médecin specialiste do psychelogie ou do neuro—psychiatrie.
Sont considérés comme signes chiniques d’aharme
— los bizarreries d’attitude , do comportement;
— la maladresse excessive , repetee, los signes do débihité metnice, ha bradypsychie;
— l’émotivitê exageree , manifestée par un désordre do la conduuite , one inadaptation
des reponses aux questions posées, un désarroi dans la situation do l’examen ,ex—
prime soit par one sub—agitation inqoièto , soit par one timidité excessive.

“ L’équlttbre neuro—vegetatif falt l’objet d’une attention spéciale dans la mesore
même oO ii ost he reflet de l’équilibre émotionnel tremblements , rougeurs , pA-
leur excessive, constante 00 passagère , sodations marquees , hipothymie, troubles
du rythme cardiaque (extra—systohes , tachycardios sinosales no so réduisant pas
au coors de h’ examen , augmentation do is tension artériehle , d ’ origino neuro-te-
niquo). Cos élCments sent rapprochés des autres éléments cliniques pour fonder

“ la decision de l’expert da ns he sens , soit de l’inaptitude d’emblée, soit de i’exa-
“ men spécialisé.
“ C .  

~~~~~~~~~~~~~~~~~~~~~
L ’examen neuro—psychiatrique spéciahisé s’efforce d’abootir au bihan psychique he
plus precis, complete éventuolhenrent par les résultats de tests do personnalité.
S’il no convient pas de définir on typo de structure caractériehie univeqoe d’apti- - -

tode so personnel navigant , on doit souligner quo h’harmonie de ha personnahité est - -
~

“ souhaitable , quo l’équihibre Cmotionnol doit être satisfaisant et insister sum is
nécessité do h’ absence do conflits névrotiques majeurs et d’affec tions 00 de rêac-
tions psycho—somatiques. Les personnalités psychopathiquos f ranches et les désCqoi-
libres majeurs sent éliminCs.
L’accent ost mis sur l’apprCciation de la motivation professionnelle , Ctant entendu
toutefois quo certains sujets , dont la motivation est d’aliore nCvrotique , peovent
trouvor dans l’aviation un moyen d’équihibrer I cu r  personnalitC dans une activitC

“ professionnelle satisfaisante.
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L ‘export doi t con;;  i ; I~~ mer quo ic fon d ion di ’  u c a v  i qan t  Ost u U i  - I u u r c u ’t u u ou de n t ’ u t p O n n u I )  I —
lit ~ individue lie , as;;umCe u n  coors d ‘ on t rava c I eel 1, - c t  i f , ot  quo  1.-s pt ss i t u  1 l i t  in ;
d’insertion soclule c-I  d ’ e f fj c i , - n u c ’c ’ en t c u U ( u e  de~ u a n d i d c t t s  doi~~ , - n u t Ct r~ - ; ;rd in ;dc ’s .
11 conclot

— soit 21 h’inapt itudc ’;
— seit A l’ :u1-titude sans reserve;

- ‘ — seit A l’aptitude , coutup lCt(’e dc  li  ut rec ition A sutvoihle r en école sur he plan
d ‘ aci~ u p t a t  ion ”
Ii est incontestable qu ’ au coors do cos t r e n t o  d e r n ii -r e s  a n c u i e s , un  (nornue ~ffon t

~i eté ddployC pour augmenter he rendenrec i t des t e c h n i q u e s  ( I t - sC i e c t i o n p s y c h i a tn i q u e  et - -

psychologique. Le taux des (‘himinat ions en école do ptlotage est r-u ( - an nto in s  d e m c u r C
tnCs eleve , comnre nous l’ avons vu plus haut.

E s t — i l  possible  d ’ i ’spe c e n  une  a m e l i o r a t i o n  do ha  s i t u u t  ion  par  don; mCthodes  p lus
raff cnées?

I l  f a u t  d ‘ abord  so d e r n t a r n d t - r  v o m s  que l  los r n Ct h o d c - s  on p o umr a  i t .  so t -  u m n e r .

Ii est gCnéralement adnuis qu ’une c u n x c ( t (  excessive centmée sum l’ uno ou plusieurs
tacettes du vol 00 sur d’ autres aspects c ; ( n n C r ~i t e u r s  de stress dans ha vie do l’ClCve-pi-
loto censtitue l’ une des causes los plus coumantes et p r o b a b l e u n e n t  la cause  p r i n c i p a l e  - -

gui conditionne los Cchocs en (‘cole de pilotac;t ’, par i t s  r e t e n t i s s e m e n t s  dC f a v o r a b l es
clue l’ anxiétC exerce sur ha prise de decision , id-u conct’ntration de l’ attent ion et ha
coordination des meuvemonts. - - 

-

On peut admettre aussi , comme deuxiCme cause , que des candidats qui ne Sent pas des
hype r é n r e t i f s  ni  des i n q o i e t s  sent des m a l a d r o i t s,  m a l h a b il e s  A rCahiser correctement
los tuxercices exigeant one bonne coordination dos quatruu membres ou des extrCmités.
Les epreuves psychomotrices insérCes dac-us hes proqramnres actuels do selection ont pour
but d’éhiminer les candidats dent he niveau de performance psychonrotnice est Juge trop
bas. Ii ne senrble pas qu ’ il faille encore espérer de gros progres dans cc dernier do-
maine. Car , ii certain , comme Galle—Tessonneau (13) l’a fait remarquer , quo certains
candidats ayant subi avec succès ces épreuves psychotechniques ne retrouvoront pas en
vol he niveau des Cpmeuves do selection. Ii faut donc admet t re  chez ces élèves one dC-
gradation des performances entre la selection et le piletage. En l’ absence d’ autres
facteurs physiologiques 00 psychologiques, on peut penser que c ’est la situation aCre-
nautique par ehie—mênie gui est responsable de cette détCrioratien psychomotrico. On Vpout discuter A porte de vue sur les facteurs qui constituent Ce centoxte particuhier
de ha situation aeronautique on école do pilotage. En definitive malgré leurs lacunos ,
on no voit pas Co qoi pourrait so substituer en mieux aux epreuves psychomCtriques ac—
tuelloment utilisëes en selection , pour détecter les maladroits non améhiorables. Par
consequent , un Certain dCchet parait incompressible parco que les faits forcent A ad—
mettre , chez certains sujets stables , depeurvus de toute Cmotlvité excessive , i’appa—
rition d’une degrada t ion  psychomotrice en situation aéronautique A l’école de piletage.
Ii nous roste maintonant A rovonir sur la cause principal des échecs et , par consé—
qoont,1 e problèune essentiei l’action do stress du vol sur ha persennahiu~ do l’élCve—
pilote .

Les méthodes actuelles de selection psychologique et psychiatrique tenterit de
prédire comment on Ciève—pilete resisters au stress , sur base de ses antécédents. Ehles I 

-

tentent par des interviews et des tests do personnalité ainsi quo par one estimation in—
directe de l’équiiibre neuro—véqetatif au coors do h’ examon clinique , d’identifier - -
d’ one part les sujets qui seront probabloment capables do s’adapter au stress do vol ,
pour autant quo heur personnahite n ’évelue pas d’ une man iCre  imprCvue A l ’écele  de pile-
tage et d’autre part les sojets gui ne seront certainement pas capables do s’adapter A
l’anxiétC , A on joger par la structure do leur personnahite au moment de i’ examen . Ces
mCthodes ont A hour actif l’éiimination de sujets A p e r s o n n al i tC  pa thohog ique  ou f r a g i le .  H
Mais ha prediction favorable portée sum les autres candidats quant A loom succCs dans
l’adaptation au stress s’avère néacimoins fausse dans on tiers des cas.

Deux vo les d ’approche so conçoivent , en théonie du mom s, pour tenter do porter
remèdo aux insuffisancos actuehles.

1. Trouver dos mesures physiehogiquos , do caractCro objectif , qui auraient des corr(’la—
tions élevées avec la capacité do résistance A l’ anxiCtC , 00 , A h’inverse , avoc one
fragilite particolière de l’ individu envors l’ anxiCtC . Depois les debuts de l’a v i a —
tion , les tontatives faites dans cotte direction ont ete considCrabies et en fait ,
n ’ont jamais cessé. Les reponses du rythme cardiaquo , do la frCquonce respiratoire ,
de la tension sanguine , des reflexes tendineux , do la coordination des mouvemeurts
digitaux , do système vestibulaire , dos tomps de reaction A des stimuli auditifs ot
visuels , do ha sécrétion des glandes sudoniparos do ha paume des mains dans diff~ -rentes situations bien precises ont été prises en consideration et souvent integrCes - -

dans des indices dont ha valeor a toujoors etC discutablo. AjoutCes aox informations
fournies par h’ examon chinique et l’examon psychologique chassique , ces donnCes ont
apporté A i ’oxpert des éléments comphementaires otihes pour l’identification des in—
dividus particuhièrement fragihes sur he plan de l’ anxiCté . Mais les correlations
do ces données avec les capacités do résistance au stress du vol n ’ont jamais at—
teint on souil significatif trés éievC pemmettant de faire rCelhement fends son
elhes.
C’ est ce qo ’indiquaiont avec concision mais avec netteté , en 1965 , lo Group Captain
H.II.S. Brown et l’Air Commodore W .K . Steward (14) dens l’introdoction q(inf’rale do

. 1.  
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~~- n ; u ; ; , - : ; t , 1  F o x t — b o o ~ ~ - A v u i t  i n  P I - ~s i o1 o gy ,  gui ref 1~~te 103 pr indu l (-s mis en I u r l t l —
~~ ;~~ - in  I~\F In s t  ‘ ;! u Av i,u t ion ~t’ - ; j c u  n ; . . 1 . -  ci t u - : “~

)n u l u n i t  n e t a r 1 , r I s I n n I (  on ax i—
- Ta slue los reactions 1d;ys- l o u ; ; i n os u x 1 . - n c  i;; i t  t y ~~u u t; v a r i i L l i s do st r e s s  no r f l - u —
V c : t p.15 c~t c i  ~~.‘ _ c l ; . i -s i d -  - 0  . i i n~ t - ,  ; n y u n - I i ’  1 ‘exanten cliniquo seul i t  I t S  n u u c th-—
C ins t ru u v t - c u  n u t  105 v ,u r  1 at i -n ; S ti -s i i r j t s  ; i  c u -u  l -  j~ -rsonnel nov i i .  n t  en cc qu i me—

a r n e  I t -u r  c . -~, ;u . . -  c : ;  s t  r o s s ” . La - u  ( S i  : ; . - ; u t 1 i i t  u n u t o n d u e  . ( e!n n u I o ;t  , m C c or ; m . n ; t
Ic -s  cX u; : ;on S b 1 -cli I n n  iquc , t c’ ls  gut i - u nu c - sur , ’ I t -  1 ‘acide vani 1—mondCl i g u i -  (Pao lucci  G
c t  U l u c u d u  - u . ( 1  ) , l i - s  t - i t  ec t c u u i  un - - m i -s  t I  1 duo n u n ;  juroduits h o r m o nau x  don s  is sécrC—
t i u n  u m u : u i r e  i t  .c~ u- n u ne -

, - l i ’s s i t  US l u u ; ; 5  st  n ’ - ; u s an t  u s  v i e n n e r n t c o nst i t U e r  - in ue aut ru -
u I u I ; c  ochc’ pout t c - c n t  u r  - I c  u n i t  m u t t  i - i  u’a i t -u n  p c d i  ‘u  ive u l e  1 oxamen do select ion.

t - l a i h o ; ;r , ’use uu u o nt , ul fau’ i - l u ; ,  r t - c o n . n n u i t  ro g u n - I u t i l i sa t i o n  do cos donnC,-;; Ions do
o x e n ; , - ; ;  u n i t  ia l  it- si- lect lu- n ;  n—, 1 u ’ ? U t ~’ A l~ s l it f i c ul  t Cs  t r i - s  u ;r an d e s  den t  ha Pr in—

c1~ua h i -  o St  do t n  I , I ; \ u -r  I t ’  ‘u u y c n ;  - I i ’  placer le s .u  l o t  dan s  un e  s i t u a t i o n  qu ’ i i  c o n s i d - r e
l u c — u i u c’nne conruruc’ s t c  t - ssan ’  i -  . ‘ g u i  s i - r d j t  , u s s i ; n ; 1  1 u l ; l e , en i n t e n s i t( , so s t r e s s  do vol.

2. L’autre vole conauste A , u : I . l i c c , - c  i t - s  u n u t r u n c e n t s  de s e l e c t i o n  p s y c h olo g i q u e  ot psy—
Chc atr~~luo , pour u u l ; t u n u t c  one : n c i l  l t u m e  c o n n a i s s a n ce  de ha p e r s o n n al i tC  do cand idat
on mat i - mO di r~~s i n u t  a n ; ’ , - . I ‘ tuix iC I et pour ntui eux évaluer ha sol idltC do sa motiva-
tion pour he vol.
Le ruombre tie tt St s rnis en upp i ication r u  I n n s  des 30 d emn i è r e s  ann ( ’es  est cons id C—
cui;l e. u s  sul sistent i i;;;; ~~- ;  mom s l u , n ; - n t o n ; u ~ us selon is valeur predictive qu ’on
loom attribue. Mal heumt ’usc ’n ;uen ;t lt~ b u m  d’ un tel effort se mesore A l’épreuve do
vor itC qu ’est le t enS  d ’ t’- il m i n a ti uun des candidats pilotes pendant hour entrainement
en vol. On pout dcu nu c I~~ u ; i t  u :’- u ’: :;u ’nt so demander si dos progres sCr ioux  peuvent  encore
i-tr o espCres dons cot to VOio .
Tou t d’ uku r d , is motivation ,utIu nt l’impomtance capitaL- dons la carriCre do h’ avia—
tour oat univers ehlement reconnut- , n ’est pas u n  facteur statique. Ehle peut varier
avec ho tomps . Le plus souvont , cc sen dans le Sons d’une erosion ou do son effon—
drement. Sos fluctuotions d i ’I ;u- u; Iu - n ; t do facteurs sociaux , famuliaux , conjugaux , f i —
nanciors etc.. . L ’ -il uj o ot he ;-uu riag o intervionnont puissamun ent connie agents de ces
iluctumutions , san s qu ’ m l  ~~o it “ (‘rr-ssaire d’intnoduime des facteurs relevant de ha
psychopathologic et do Ia psychi atn -ie.
L,a memo instabihitC se rencont.e dans los rCponses au~ situations de stress. O’Con-
nor (16) a bien montrè dons ses etudes sum la phobie do vol quo l’ apparition et le
ci veloppement do syndrome sent rarement lies A une cause unique et precise. Le plus
souvent , on constatu- one augmentation generahisee dans he niveau de stresses relati—
vement mineurs dans ii vie du s:u )et A un momen t déterminé plutét qo ’un traurnatisme
psychique grove et unigue. Une autre difficultC qu ’il no faut jamais perdre do vue ,
c’est quo tout homznne, en raison do is cornnplcxitC do psychisme huinnain , repond au rnCme
stress solon des voics diffCrentes , aux diffCrentos pCriodes de sa vie.
Ces vuos empinicjuos nous ramènent A un concept pragmatique . Dans he domaine do la
personnahiti~, ih n ’o xi s t e  qu ’ un soul v e r i t a b l e  tes t  d ’ a p t i tu de  au vol : c ’est he vol
lui—m Cnnre. EntondonS—nous bien . Le rejot des candidats qoi lors de i’ examen d m 1 —
quo general oo neuro—psychiatnique Ont presente dans hour vie passee ou manifestent
so coors de l’ examen des anomalies nottes , corcstitue on Clement essentiel et effica—
cc do la selection. Le rejet de candidats dont los réponsos sont médiocres aux
tests uI ’ aptitude psychelogique dent ha valeur predictive est suffisante est (igalement
on in tr o Clement essentiol et efficace do ha selection.
Cette double  s e l ec t ion  permet d’ a r rCte r  au scul l  d’ une carnière gui ne leur convient
pas un lot important de candidats dent los chances do réussite sont nulhes 00 fai—
bb s. Et par consequent , i i  faut constamment poursuivre l’effort gui vise A am C l i o —
u-or los techniques de selection psychehegique et psychiatmique. Mais cedi dit , nous
ne pouvens pas nous noomnir d’ihhosions. Ches los sujets qui ent traverse cc premier
filtre ,parce qu ’ils ont etC considémés cecurnue repondant aux cnitéres de ha normalitC ,
Ia motivation pourra s’effondrer ot ha résistance A l’anxiété pourra perdre do sa so—
lidité. Si noos accoptens ces vues , nous devens nous resigner A admettre — ot sum—
tout A faire adirrettre par les Etats—Majers — deux faits impomtants

a. Environ 35% des candidats quo he Service Medical a déclar~ rptes A l’ entralnement
en vol seront éhimmnés au coors do cot ontratnement pour tIes raisons qol , demriC—
re ho voile tmompeor do vocabulaime utilisC par les unoniteors , relCvent dans hour
majoritC do l’anxiCtC et do l’hyporCmotivitC .
Cetto perte d’ un tiers des elCvos-piletes , neus devons l’ accepter parcc que neus
semmes impuissants A is rCduire par nos méthodes actueihes de travail.

b. En ce qol cencemne los aviateurs expénimentes , en service en o n i ti ” , on dolt s’at—
tendro aussi A on certain taux do porte , pour des m o t i f s  psycholoq iques  et psy—
chiatniques . Le tt-rux annoel do porte so situe , en temps de poix , cc-O re 2 A
3 0/00. Il est donc trés faible. Ii serncble loi aussi incompressible malqrC los
efforts de ha surveillance mCdice—psycholoqique en unite.

Un Cnorme champ de recherches demoure donc largenent ouvert ‘u Ia psyrheicqie ct A is
psychiatrie aCronoutiques , des Is phase initi ahe de selection et j u s q u ’ a n u x  abords
du terme normal d’une carrière aéronaotique . Tout progrCs , si mm nim o soit-il , re—
pr~ sentera toujours des economies substantielles.

_ _ _ _ _ _  
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‘rout— ’ ( ‘v t - l u  ion dau i s  los c ’ u n u c ’ u I u t  io ns it ’  1 ‘ uv non I t ’ u ’ u ; i ~;i ,t t oo v r u  is l u d ; r t  0 dos
: ; u u u l i f i t a t m c u n ; s  d,uns is s n - cu t icotion l i e  cor t  t i n e s  u n i u u n n n , u I  i u ’ n ;  ou i n s u f f i s a n c e s  m o n n u t n e l o —
J i d j u e S , phys 1uIou ic~ues c -n  s, - uu s e ri o l le s , so i t  ~1 a ns  h o  n; - n u s  1 ‘ one r e d u c t i o n  di ’ hour mm—
pun t a u ;c c ’ F l u I n c certaines c i ’  o n t ro  c l l e s , s o i t  dons  le sons d’  ufle au q m e c i t a t i c n n ;  de u - o t t O
1;;; 1 u u u n t 5 n ; u u ’ j u  uLi r d ‘ autmes

N; -u s  c’ n n s  ide’ morons br n u  - n - u -n-S u i t d eu x  I , u c ’ u - t  I on ; dc cu pr o b l u nnut ’

I • 1 u ; t — i l  n t - n n t o b io , sun ho plan ;;u - ;hc ’ u i , c i t  s C i o c t i u n n ; ; ; u ’ n  des c a n d i u I , u t  5 a n - n u t  c’;urs pour
los de;;tlner d’emblCe , d’ une n n u , u n i i - r c -  d C f i n n ; t i v i - , A di n ; t’,’1n-n; dCterminCs d’ n.ironefs
(avlen ;u ; tic n- ;; ,‘ I t n _ u t  , - e u - I n S  u O ’  I r an s p o r t , u i- I j u ’u n 1 ; t u  n c’s , etc...).

2 .  ,‘‘.‘ra ~~t — onu hausser is sCvCritC l u ’S c m l  ti c c-s d’ a;i;n; i no-; u l u n i  u - i c  los p i l o t e s  dos a v i o n s
do c’;u n - ;b , i t  dc h a  n uu nv i ’i 1, ’ qCnCra t j un o  F~~; ;t  — i l c-r( s’ r pour u —Li> :  u n c —  sen t o do s u p o r s t . a n —
clord?

. r .  E s t —  i 1 rentable do s ( i c ’~~t ionne  n des c ,u unul idat s an -- iat t ’u r s  d e n - t i  ni- u i on- ni - li- i ’, ci ‘une
r n n a n i i - r e_ d i f i n i t i v e,_,1 tit us types dCterunnin(’s d’ aémonofs (aViOns ;i o c - or;hat, a v i o n ; n ;
do tnans p uuc t, hChicoptCrcs, etc...)

ann les tt ’xtes des 9 mCgloc inent otions gn-uo nous avons CtudiCes , il n ’est jamais
qUc s t i ;u nn , pour hes candidats_pilotes , die critires spédifi qoos adaptés i dos ty-
pes po r t  uc ul  iers d ‘ ,u i - roc ;o f s .
11 scmble ;jut’ 10 seul domo ine medical qui pourmait Ctre envisage poor rC pondre  A
Lu question 1Mns(’o et ottCnuor be pourcentage d’C1iminatio r~;chez dos candidatsb ien  - u t  ivCs pour l ’ an-’ia t ion d e v m o i t  so l i m i t e r  A celui do ha vision.

Dons cc cas , une solution so presente A l’ ospmit imnrCdiatemont , parce nu ’elle of—
fmo des donut-es d’ apprCciation qui sent presque expCrimentales. Les cnitCres de
‘~‘1 s Le n pu l-urralent Ctri ’ abaissCs pour los candidats pilotos d’hCiicoptCre et los
C u n ; j i - I u t s  j u t  lot c ’ s 1~ avion do transport c’t Ctre r m n nu c ’no- s aux critCres do vision
n°i tie ~~ Luitsaffe a pp l i q u e s  A t ous  les c a n d i d a t s  p i lo t e s  (c a n d i d a t s  p i lo t e s
d’ a vj o n et d ’ h C l n c c u 1 u t ( - r c ’) , p d u m c e — q u e  cos cr i t i - r e s  sont les p itis bas do ceux uti li—
sCs dons les Forces a (—n iennes de l’OTAN? Ce critCre do v i s i on  n ° i d i t  quo  l ’ a—
C i t u  visuello , mesur (-o avant l’insti llation d o n  cyclopbCqique , doit Ctro egalo
A 5/ 10  su m o m s , u - u n r r i u ; i b i e  A 10/10  pour ch,’cque coil pris isolCment. Quarid des
ve r ros  cor r c ct e o x- s  sent nCcessclimos pour atteindre 10/10 , b u m  pu rt est ob iiuu,u —
t o i r i -  p e n t ; I a n t  1 ‘execut i cnn n des vols. Uno paire do verres do rii so c ,,n~ ci i i  i t  re

l m n - ; p u n : ; n i l l c - . L’utih isation do lenti lles do contact n ’est pas au t c nnI s(-o .

Los types do missions effcctuCes on hCl lcojlt (ro ou on avion do t r u n ; a n u  n t , los c c —
ractCristi ques do poste do pi l u ’t au ; o , notamment en ce qui c o n c o n n o  he  p o t  m isC do
verres correcteors A 2 on 3 foyoms , pernn t ’ttr ,u ion t cette s o l u t i o n  souls ju~~~r t c ’r at—
teinte A la s( - cunl tu~ do vol ot ‘i l ’ u u f f i u u ; i c i t ( ’  t ie  la mission . L’ cx; u u i , ’n—,co do rn- en;
c o h h i ’ ; ues do la L u f t w a f f e  s er ,u i t  d ’ un a p p o i n t  e x t rCm e m o n t  pr icic’ux pu. n porter  on

I , ; - c ; n - ; c ’n ; t sur los avant ages et di-savantaunos , prochos  00 lo i n t a i n s, do la r u - i  it iq u e
id-  ~ u t i c ’  pr Cs e n t e m e n t  on R C p u b l i q u e  Fédé ra l e  d ’ A h b e n i a q no , non s o u l o n on t  p o u r  les

~‘ ; n I i c L u t s ph otos d ’ h C h i c o p t Cr e , mais  au s s i  pou r tou s  los c a n d i d a t s  F l u t e s  C ’a~
vion et par consequent coux gu n. Sent  do n - o nu s  p i l o to s  do t r a n sp o r t  ot  p i l o t e s
d’hélicoptère .

Noos croyons cependont quo is politique de riqueur A i’ admission , s n - c i v i c  par la
majonité dos Forces uucn- riennes do l’ OTAN ,presonte deux ovantacios imm ort ants , de
nature mCdicale , qo ’il convient do ncettre en balance avec des f,icteur s extr a-mi’-
licaux de disponibilitC d’ un nombre plus grand do C u  i i d n t s , si  i ’ on ,i l or i s s e  con
c- ri t - -ces. La poiitiquo de riqueur offre ha possib ihit- i’ de rCserver on priorit (-
l’ac -in- s aux fonctions do pilote d’hClicoptCrc 00 d’ovion do transport A deux catC—
gen es de pibotes expérimentCs c ’est—A—d ire des p i lot o s  pou r io s q u e i s  los f n ~ risénormes do ha formation , do fl’entralnecnnent et do b’ acquisition do l’ exp( -nienco
sont  -ii ’ 3 A justifies par ha mCussite dans ha carriire naviqante. Ces deux cs t C - ,n;’—
mies do piletes Sent

(1) les ph otos gui , A cause d’on accident ou en raison de l’i’voiution na -a r oli c-
liCe A l’Age ,subissent en coors do carriCre tine rCductimn do i’ acuitC visuel—
he peo compatible avec colic reqoise pour los miss ions  de combat ;

(2) los pilotos qui , bien que jouissant d’ une acuitC visuello normale , et a p n i s  on
sejour suffisamutrent prohongC en u n i te  do chasse ou do becirbardoment , no manifos-
tent pas une personnahitC do chasseur ou do bombardier , mais prCsentent one
motivation sam e et dos traits caractCriels plus propices ‘u l’ accomphissement
des missions do transport ou des missions dCvohoes aox hCl ic optu”n t ’s.

Nous avons rétréci ce problCme uniquenuent A des aspects do vision. Le problCme
est certalnement beaucoup plus vaste. Une étude plus approfondie meriteralt d’C—
tre faite elle dCceuvrirait peut—Ctro certains aspects médlcaux qui dCpassent en
importance los seoles conditions crphtalmoloqiques gui ont ete considCrCes mainte—
nant.

I-
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L~~~~ ~_ L c n  i~~~ u ; j c t c c i u n 1 j~~uI j i m  i n  i n - u  ;
uuCi ’ u ’, o n ,

1. ‘ c- I o c t  r - n - t ’ n I t1  ac t U,  - 1 1 i - n n e  n i ‘ unit- u r ’  ; c i n - - I n  n - n - n u n  i t  t’ u l t n ;n - ; 1, ( u )  n u ; l;n i t  u ‘ l u  - too s
l i - n ;  t y } u c - n  u I ’ t u - n : u  :s , n- - . 1 u I , u n u n - ;  ct - l i t - l u - S  u n - - i o n s  1 -  c n i  u ’ 1 l u  n i u v u l l e  ql ’- n ; i —
r u n  t u tu . i : i  le  n u t ’ n - s u i t  inte I n - ;  t I l  no dj m i n u e  F u n - ;  I c ’ n ‘du In p i  l I .  I u n n n ’ n , u l n  eu it
1’  ; . ; i p u  I - . l u l l : ;  du’ i t .  L ’ av c ’n n  n st ’;; l noos d l  I , u  b i ’ - n u t C t  dens l i n t - l i e  m n - n - -, c  u-
p cuu l  u t  i t  c c  m ; u n - d i f i C  lu ’ li - - n t 1- di i n - q u I n t a n n - c t -  i i  ct -c i _ t i n s  l , u c ’ t u ’  i n s  s t , : u n ; u n i t c l s  l ,i n ; n - ;
he 1 1 1 0 1  t o .  Le j n - n  i t t ’ ii , 1 ‘ a v o n - n  I~ - u~~’nl ,u t d o l t  t i ’; ’ n - u u ’ n i l i r des c n n - I r n - n -  i t  I n n - s  u j u
p i_ ; s  en p l u s  u i - u  : n I , t n - u t , - n - ;  n - ; n u n  sen I ,uh i , ’ ,u - c i t  1 - u n t  I .  I i  d O l t  ies i n - n - I  , ‘r 1u n ’ un - t  i - c  t n - n-;
V i r e  et los m t  u - - t n t - n  t n u n - ;  v u n  0. Pm lot 01 i - S t  one chose. H(-p ond c i ’ u n - t x  u ’ x l - n o f l c u ’ u ;
ti I a  m I s s i n - u n u  t’t I ‘ ,i ; c - u u u u l i ir  ,i v t -c  i t  fi; ’uu ;~ u t u ” ~ u n u t  i n n -  ,u ; i t r i -  c l n ; u s t - . N o u n  n ’ - t v u n n-n-

u - ,;c ; ; n n i - r u l s o n  do c r o i n  u ’ j u t -  I ‘ i c ’c’u u unp l l n , ;i ’ r n u ’ n t  los m i s s i o n s  au - n l o n n n u u - n - ;  c u n u t  1( 1 5
.u;ns clu uu vt .,uun< uv l o o n - ;  t ic ’ c ; u n ’ u i u at  n - ; u ’c a cur o i r u s - - X l n u n n I  c-n ce g u n  c ’u n ;c u ’r n - u ’  los f o n c —
t i ;~nS u u e n s o n i o i  l u - n ;  , t -  ; n  n _ c l  t n - c u h i i c  c - n - n c - n ; t  I c  I n s t l u n  v i s ue l i c - . I i  u n - u t  n i t  do
S t u n u i e c ’ , u n u x m i s s i o n s  dt ’ F u i ’ - n ; u - t m a t i o n  A l , u n - ; n - ii ’ n - u i t i t  n n du ’ et u t r , u n u i u  v i t u ’ n n ; o ’ .
En  c,,’ gun monuc - on n i t ’ los ol  t o t s  d~~s u r t i s s io c r s  n - n u n  l i ’s I n~ ’n 1 ; u c ; n ;  c’ , c n d i o — v a s c u l a i r e
c t  r o n - u i ;  i t  l i l t ’ c t  su c  t U t  c~ ’ g u i  c o n c o u r t  A 1 ‘ ‘cl S i n n  do Ia f _ u t  i - I n - n t  I ; , ‘ s i u n u u ’
tO n - u t ’ : ’ ,t l c’ , s u c ’ vj o n u n o n t  l m , : n - ; i ; i  i , u t e n n u c ’ u u l  , A I ‘ a v a nt  —- I ; ;  di n-u p reo c c u pat  n n- n- ; , los
t - l t  u t  s des _ u c c - u ” l u ’ r , u t  l u u n n S  + ;,.‘ do ion c ju o  d u r t ” u ’ to , 1 ; cn -’t ( p s y c h i q n n u ’  , l uO; ol f t ’t  s
c i ’  .ne ,u n t ’tn t i I n n  i n - n t  onsc’ , s,tns be mo i n n - i n  , ‘ n u i  Ac? ;c-n ’n -; I . Con c u u n n - n ;  n - I - n t  t ions j us

I n t - n t m  - c h i c - s on s u pe m n - ;t an d a r d ?

Le preb i~’n1e l it ’ Jo  1 - n  - i t  ion u - ’, ’ u - ; u t n - ; u ’b i e  d ’ un I-u ri c ;;; initial 1 pen-c r les p h i ;  t u ’S des
,uvions ;ic ’ ha n -n t~ ’ p o rt  omnance  nous in ,n rai t : ‘ u , u I pose . So lon  nous , n - h  no 5 ’ aq i t  ~ 05
l ’ u n  i r c u l i i n ’ n c ’ di n - u ’i t ’c’t i u ) f l  n-~n i ; lic _ ilt , mn, i n u n p l ; i t C t  l ’ one  pit-u t ion l u ’ f ; ;r : ’ n t ’ physique

c ’t montale A entu 01 on h r  et A e n - u n i t  c - ~ to n en u n j t c . En e l  i i  , I l u t e s  L’s n- ’;tbeitcen—
t t ’ IcOns c’X i u t e n t , , l ’ u n o  n n - u a n u i i r e  gC ’n i ’c  a l - , 1’  n n ; t u ’ ; n r i t  u u n a t o n c i g n - u e et funn ic t ionnello
t e n - ;  a j u p a r c ’ i i s  t t  o r ganes  ~u 1tr besquels a ‘ e x t - c  cc -n - I los gmandos fonctions. Cott e i n —

t , ; j n  i t o  si  n i f t o  is nn; u n r ; a l n - t u  on t o u t , sou l  g u u’l u ~n -ues anomal i e s  mo r p h o l o g i q u e s  m i —
neures 00 cer t ,t  1 nes s l tj u e  Ic’s sans i n - ’ ; i - c t ance d ‘ I n n - n  u -n yc -n i t ion; c h i r u r q i co l o , do

n , i  ir n, u t i s u n -uc -  ou c i ’  OI ~ C iden t . On ne v i i  i1nn c ju ,u n-n- c- eu ru :n - uo ;n -t  on p o u r r a i t  ~iC ’nuas se r  do
static lie nonmalitC d e j A  o x i u C , Sans p r — v o dj ; i c ’r un t ,ulissemont c i r a n ; u , i t  n - m u t e  du rocru—
tc ’n -n - cn t.

Tootefols , sun ct’r til n s points eQ los hi : ;n nt u u n - ; gui cem ent ho concept do ha norma—
l i n t ’  n - ; ; u n t  asse: f 1 c u n u e ~~ , ce l  tam es j u r i n - i ’ iSi o f l S  p o u r ra i on t  Ct r e  a p p o r tCe s , clans le
sens rostnictif , pen-ic s ’assuror quo be candidat possCde effectivu -nn - n - u ’nt ot A s u f f i —
sunn - co ,50 moment do Ia selection initiale , on capital do depart quo rentrainement
St -ru chargé d’omplifier , puis d’ entretenir d’ une maniCre adequate.

Jo vois 3 points part iculiors oQ des prCcisions dans le sons d’ exiqencos plus net-
tu n ; cu plus mijounousos pourralont Ctre rCciannuCos , si ehles n ’existent dejA pas ,
pour los futurs pu t t ’1; dos avions do combat de Ia ruouvelle cjCni3ration.

(1) L a c~uu~~~i tu ” n-i’ ati~ pt~ut l o nu  u j C n Cr a l e

Le p r n - n l i u” mnt - d u n  S p I n - t n - I d es h u ma i n e s  a pu Ct r e  ramenC , en cluatiCre do selection
jun;ycho l o u t l u l u i c - dos rv  i ~r t  t — u m s , A on nombre r Cd u i t  de f a c t e u r s  do base pommet—
t u n ’u do d ( - c r n n u -  los capacitCs d’ un sujot. Guilford , par exeriple , a pu ma—
nnuoner A quotro t u c tt —il ms co qu ’il a appelC ha capacitC d’ adaptation genCrale:
tu ’uc’tour ‘ u~ I l , c l , f~- uu ,- t en - i r numenique , facteur spatici , capacitC d’ adaptotlon so—
cia Ic.

l)os t es ts  ~ie p e r t u m m a n c e  p e m mo t t e n t  do .‘C r i f h e r les a p t i t u d e s  u l os  c o n d i d a t s
en cos 1 un -n ,u i nes. Ii somblerait donc qu ’en haussant prudemmont le seuil de
performance rc - I j ; l i S  pour hes normes des aptitudes d’ adaptation genCnaic’ CheZ
los ca n d i dat s , on rCpondrait dejA , par he simp le iou des mCthodos psychomC—
t rn - c juc’s, A des exigences part icuitOres Cvontuehies de h a nouvo l le  qCn Cr a t i o n
d’ avions , si CO S exicjences existent rCellenrent dans do dontaino particulior.
Rien n ’est mom s sOn. Tout reste A dCmontror.

( 2 )  Lcu stabihitC emotive

II no s’aglt quo d’ ;i n - n - o interpretation plus stricto , Si bosom on est , do ni—
voau do la normalite , dans be rCsultat des tests do personnahitC c’t dos tech—
niqoes utihisCes en psycholegie ciiniqoo et psychiatric , prmncipalemont pour
;- u ’ttrc- en evidence des tondances psychopathologiques chez des sujots a n-par~~ ’~
mont normaux. Nous avons montrC plus haut les difficultés rc’ncontrCes actuel—
lement 5005 ce rapport.

( 3 1  La forme physique ot ha ru3sistanco sux accClCrations proiongées, A n -tn e f f o r t
prohongC et A Ia f a t i g u e .

11 n ’y a lA rien t de nouf. L’app lication d’C preoves d’endn-uranc e pcrmettant
d’ u-v 1rluor ha résistance cardio—vasculaire et respiratoiro A n-in effort prolon—
gC et Cpulsant 7ormot Ions do ha selection initiale do n ’~uccepter que dessn-ujets disposant dejA d’un degrC trés satisfaisant tie ces q u o t i i t  u 5 , so debut
do leur cnu rn iu ”re. Dons is p lupa r t  n-los Forces sCr i ennes , ce l  o l u j e c t i l  est dC
32-u a t t e i nt  pan des ~preuves d’effort do types divers (Cpneuvos sn-c r bicyclette
ergométriqoo , Cprouves sur tapis roulant , step—tests Ctalonnés etc. ..) et pn-u r
des epreoves fonctionnolles r e sp i r a t o i r e s .  On sc’ r epor te rs  A cc’ sujet 2-t i’A—
;tr; i u n - 1 r u j I I n - u’; - 19~ u , pUblIOu - son-in; Is di rect ion du M C d e c i n — G C n Cr a l  Scano ( 1 7 )

- I t  u n - li re chose ost l’ u i o u r  tance accorciCe it l’ en t r e t i e n  d ’ une bonno forme
physique. El he Se couucrn-- t r se dans los Unit Os novigantes ties Forces a(-ric’u’cn e s
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i-a r 1’ u n n u l ;  h u n - n  per l i i i  u j ; I t ’ t i c ’  tt~st  n- ; i c -  c on t  r Cl  c’ auxqoel  s l u  I e r s o n n u  - I n - i. i g a n n
h i t  Sc ’ S u n ; u i n - i t  I i t . I 1 t m t n - i d - n - l u b e , i c  t i S t  b ( ‘

~~~~i t - n ( u r n ’ ‘- - n r s c ’  l u ’ 2 - 100 n - u - —
tres son t e u ’ r ,u  i n n -  I t - n i  e u x  en m oic i s dc 12 n: u m n - n - n n  ‘ 5 )  u s t  j o- _i t i u 1 u ( - A I  n - O n -  , A i t
RAE i t  S t a i l  1 ‘ I J e t  u,i ’ uf le  exp (’rlonn -u ’u - i n ;  si - j -  u - n - n - I - c u ’  I S 1; aux P O y s — i n i s  I i i i )
La i -~.n l w _ u t f u - , p u ~~i c 1 ‘ o n t m e t l e n  dc Ia l cu rnn - u I ul y n - ;1 ;i L n u ’ c it SO S p u  l u u t i ’ n - n - , n - n t ]  I in -;, - I t -
système do lu ll j;r;mq r t; ’n - nnn -u’ j ou i’n i o h i e r  d ’ u ’ x , r n - ’ j ; ’u - s  ; I ~ ; n  i ; t h m i u n - u t  os o u t - c  con—
t t C l ~ ’ do c u - n - n - j u n - n  real— sC juc ;ui cm n - , u u i ;;t - Su l ic d ’ ext’rci~ - t’ n - ; ) . I i  tc n j irt I t’l; t ; i unn;; ’
t n - I  C cn -n ;unar. m l c ’ n - n - n c - n ; t , t n - u t ’ los l y n n ;  t t ’ c ’ l I f l j t l O c ’ ; -  i t ~ son n - n - I n -  l u ’u - mn-n (’ui l o l l , dt- f a v o r  I —

sc’r ot  s u r v c - i l l e r  l o b- - n-~ ;~- t l i u ; t l t - - S d ’( ’ ; i n - i C u t l  l ; ;n  - l y n - n - i q o o  et i t s  n u t  n-~~ i i t - n - ;  n - q u ; ; m i  i—
\‘en-;, in dn n - ’i1 iu c-l i on  c-t  c;nll tn- t ives , ; j ; ; 1 d o n ’ , ;t un - n o n u t , ’ n ; i r  on ar;O I lot-er la

om - n :ue ~- l ; n - s i q u e  do i u o r ; ; n ; n ; o  1 n n - a ’- i - t , t n t  . I i  l i i  u~~;p i r t  i on t  , i u u n - ; n ; j  1’ u - n  , t n ; s u r u - n
Ic- Sn - n - n - I I n - i c ’  par des tu ’ u n - t s td g u t  un- s ‘1 cc I , ~n- :u I c - ti’ n - i  b a t  n - n - •  Au moc uuec t t  do ha
SC I con - i  ion , i i  par 1u l t u c n - r n u , u  1 qu ‘ 1 1 s o il  c x l u ’  d t n-; futurs i n -  I n t l  c -n - i i s , appeles

ye h e r  sn -u ;- i o n - n -  ~i n - l~ i l — n- mI t . 1100 to ~ c’n-  I n n - n n _ u:;ct- , 1ju ‘u s  fasson t ha  j;nc-u vo qu ‘ i t s
possCd ont  d e j A  on n i v o au  s u f f  i s , u r un ; ; u -n ; t  ( ‘ i cn - v ;’- do t n - n - n - u n - n - u ’  p h y n - i g n n t ’

Ce se n - a , su s u r p l u s , un I u ’ n - ; t  in d i r e c t  c l i :  leor  n - u n - I l l ’, u t  i o n .

n - n - i l’ on cons.ciO ru . be j nrn - n - l~ lCn: n t- sou s cot a n i ; n l o , on no distingue pas do ral S O O S
p l o u s n i - I t u n  p ou r  dep l a c e r  ve r s  u n e  p l u s  c l r in; t ie n - n - un- n-n -C r itC its prescri ptions n - u- -
m; i o n ’ n - c n ; t ai r o s  ac t u e l  los A 1’ ati n n -n nousion et an-tx exantons r(’vjs i - I n - u n - e l  S . ni  n-nun n - ; t
pour  C n - u n- u -n -  on s u p e r s t a n d ar d , en cc t~u u i  co n c e r n o  los a vi , t t e u n n ;  ; U i  devront p i—
i - - I o n  l es u v i u l n i s  do comb a t die la n o u v e ll e  ( n u n- r a t  n o n ; . Le p r ; - l - i i - n n - n c ’  in t C n o s s e

t i t v a n t u u n t - h ’ u - ; n - t n - t in em e n t  que is sC lec t ion .

IV . RECtcL’L’EMENT DE CANDIDATS PILOTES lIILITAIRES PU SEXE t i- ;u IININ

La cI y n , l m i ;~uc dos idCos act u e lle s  ouvre  aux f ommos l ’ accCs a ux Ecoles m i l i t a i r e n --; e t
hour c u t f r e  un nombre  c r o i s s a n t  do fonctions dons los Forces armOes. 11 conviont donc de
~~u n - n c-n - une attention panticu liCre au problCme dos critCnes mCdicaux do selection app h i—
cables ,mn-;x personnes do sexo féminin , candidates A dos fonctions do ~~~~~ d’ aéronefs

n - u  lita jren -u .

C;’mnnm;en;t so prCsentent actuehloment les rCg bonuontations relatives aux critCres de
sCl ect i- -; ; sous cc rappcrt2

E li c s sent marquees par uno certaino ambi qn-litè .

Len-u ru n- - n leme n ;t a t ions ar;(-nicaines dCtaillent les affections qynécoboqiquos entra !—
nant l ’inap ritud e an vol sous ii rubrique do la Flying Class 3, en surp lus do ha rubri—
joe “Enlistment and Comxnihssion ’ . On rue t r o uv c  aurono mention relative aux affections
-; v n ; O c ; n - i c n- - c n - j : ; e u ; , clans los cn i t i -r e s  in t Cr e s s a n t  hes F l y i n g  Classes I and 2. Ccci signi—
tn - lt ’— t—nl quo ces ri ’iiem er u t utions n ’ont etc conçues , en cc qui so rapporto au personnel
futininin , quo poor des infi mrn -niO r os do I’Air 00 des convoyeuses de b’A ir et non pour des
ChCves—pilcutes 00 du personciel oxorçant dos responsabihitCs do conduito d’un aCnonef?
X l  I c  sem b l e r a i t . D’ a u t r e n - ;  r C g bem e n t a t i o n s  f o u r n i s s en - ut , dans  la s e c t i o n  r e l a t i v e  A
1’ u n-i itude ijc3nOral e au sor.ice mi hita ire , la histo des affections qynCcolog hques en—

~~: u i : u o n ; t  b~~ i n ap d i t u d e .  l i o n - s  dons la ni’-nher ;ent atiOn spOcifique A l ’ a p t i t u d o  au s e r v i c e
i ’~~~n-j~~~t , e bb s sent  mu e t t es 00 50 b o r n e n t  A quol quos gCnCnahi ten - ; qui rC pOtent I’ une 00

I ’ , t u t r c  do ces d i s p o s i t i o n s  relatives au service rriihhtaire en general ( r C q l ~~’n - u o n n - t a t i o n
do ha R A F ) .

Pour do gui  r appor te  A hut grossesse , ebb c’st citCo coiilme dan-Ise d’ inap titude tom—
- - n - n- ire dens les r Cgh eme n t a t i on s  an tCr i ca ine s , Ia ri-qbementation canaclienc’ie, la r eg l e—

r,n - e : n - t a t i o n  no rvéq ienno  et ha n O n -ienn - ne n n - t a t io n b r i t a n ni q u e . Los a u t r e s  r Cg l e m e n t,-u t ions
ou r  l’ aptitude au vol sont si l enc iouses  sur cc p o i n t .  Sans aucun dcuutc , f a u t - il  se rap-
I- mi n IOn - A des instructions particuhiCres , distinctes du cadre of ,~~~~I 

i n - u s  r C g b e u n i e n t a —
n - i c  n n n u  d’ uptitude au service navigant et appbicables , ;I’ unc maniOre gCnCrole , 2, - -‘n t  be
:- e r S on n e i  fCmin in.

On pout denc rCsurnor is situation dela maniCre s;;i n-’an ;te .

Los textos des t(’- n l e n ; t e n n - t o t i o n s  m ih i t a i n e s  d ’ a p tit u d e  so vol pr (-veiont des dispo-
sitions particu liu ’rc-n r- ’applicjuant aux mnf irnuiCres n-ic l’Am r u ’t aux donvoyeuses do l Air.
-to i s, pour hes fonctior.c do pilate , naviqatoun , mCcanicien de bord , ia dietOlO n - ;raphiste
~b e bord , en ne troove aucune rCféronce particuihére au personnel fCminin , A dos altec-
tieru s gyni n-~. ioq tqoc’s n-u A des Ctats biCs plus particuhiCrement A ha constitution fCmi—
nine et don’ ii y nun - sil t lieu tie tenir compto.

t n - i  ‘-~n O tie l ’ iu n - - u t t  i n- rn - c i v i l o , los conditions d’aptitude physique Ct n -uc nt ale n°1
r eco rnn , ,nn dC n-s par 1 -  u’\~~’ ~5 ;i n- I cu lt I icc’nces clvi les do pi lote p r C se c i t o n t  A 1 ‘01 1 c;Ca
tn - . 2 . l . 2 4  or, l u ’xte trés q Cn Cr a l  r e l a t i f  au personnel  f Cm i n in
“Les candidates qui presentent des antCcCdents de troubles monstnu cls graves , rCfrac—
“ t a i r e s  A toot  t r a i t o mon t , qoi peuvent los gCner  clans la cenduito  d’un aCronef au

d’en compromettnc is sCcuritC , seront dCdlarCes inoptes. En cas do grossesso
‘ i n n- n - u - u .n - n -n- c , la cand idate sera dCclarCe temporamrement inapte. AprCs  Cccoicc’hement 00

un -c t I  u -nu n - ni , ha ca n d i d a t e  ru e sera a u t o r i sCe  A exercor  les p r i v i leg e s  do s t  l i cence
“qo ’aprCs avoir sobi on nouvel exomon medical et avoir etC dCclarCe apto ’ .

I.
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I j u t

n t - u ’ u’ uu n - na  u t ; i ~~ t ion t u  . 2 .  1 . 2-i . I t n - li t

-‘ i l  eat  n u ’u ; u m n - i l n t a u i d j b j e  t i c  u _ u u n i s i u l t n- n - t n  u n d h v i t l u t ’I  l e me n t  I t - n - n -  ‘ u n - u  du n - n -  i , i n u u i 1 t l u l t  S - t n - / O l d  s u l u i
u p u n - t t c e n s  u ! y c u t o t ; I u ; t u i q u ’s ”

Los ucnCmcs I u.-xtos n - n - u -  r c ’t r onuv c ’n t  n - I o n s  I t - u ;  u ’t n n d u t  i o u - I n - ;  u i  ‘ t i ut i t u i ; l e  y ; t ; : - n - i t j u - u - i  n i t - l i t  1~
be n°.l.

Los c o n d i t i o n s  u l ’ a l c t i i U n - i t  p i n - y n - n - i u l u u u ’  u - i  n n u u - c c t a l e  n~~I t ie I ‘OACI , i n u n - n - n - u i u i ’ c ’I ic’s Sont
n-u a t i n ; t a u t u - n - ; , p o n m e t t u - n u t  clonic l ’ u - ~~t n - ; u i  an  } u t - n s t u i u I ( - 1  I m - I u u i c i l cn- ;lt n-i 1 Icu’nu ; ’ t n - u  o u v u  l e n ;  n - n - u i —
y i n  tos

— p i i u u l u -  profossionob av i ; u n u ;
— pibote professnonnel ; I c ’  p r eun t i 2 - - u n- c la ss e— a v  i n n ;
— j u n  i ; ; t o  tie ligno— n-uvi on;
— pi I ;n -t t- puoufossionne 1—he hi u - u n - l i t / - n - u-;
— p i l a t e  u l t ’ h i q n o — h C l l c o p t 2 - - r t - .

Los conditions ul’ aptituc l e physique ot m e n t c l o  n ° 2 I ce- r n - it t t o u n t  I u u c t  c i  l u - n ;  l i e u - n —
C05 t’iyii c ’s Suivan tos

— n a v i gat  u ; m r ;
— mCcanicien navigant;
— e n p c i n c t t t ~u r  radio—naviqan t.

Sur i o plan dos pric n-cipos , 11 no somb h u ’ done pas quo uk- n; c r i t/ - r e s  I n - u t - d i c a u x  t i n - / e l  n - n -
b a s s u - n u t  ma t lOre A d i fficuhtO s en procCdant par assimilation A cc’ gui esi a o t u u I i s c n- d, tnu s
1 ‘Avia tion civibe , c ’ t ’ s t — i t — u l i r c n -  1 ‘ accCs des fomm es ntjhit ,tjros an-ux fonu’t ions naviqantc n-s
simihaires it cellos ouve n -tu -n - ; clans l ’ avjation C ivi le u i o  transport. Si tel t n - n - I  ie cas ,
on p o o r ra it  sugg Cr on , poor Ch ic n u i ner t o u t e  Cq u i v o u j u e , q uo des t e x t o s  c l a i m - n - , p réc i s , t iC—
tallIes sur los affections qynecologiquos ot  au t n o s  c o n d i t i o n s  propc - es A i i  const itui -
t ion  ph ys i que  01 au psychisnue dos personnes do s n n - x e  fC c c t i n i n  I iquront , en -n : , u u s s i , n - l a n s
los nCujbomen tat ions mib i t  n - t i n - c ’ s  r e l a t i v e s  A 1 ‘apt itucio aux fonct ions i n - t i-nu t ionnCos ci—des—
sus , qui toutes so rapportc-u n-t 2-u den m i s s i o n s  die transport uk- personnel (n-u die matCniol .

Foot—il abler plus loin ot prCvoir h ’ n-upp hication de critCres t ie su n -l u ’u ’t ion pour
des vois sur tout type d’aCroun-t’fs nuili taires c ’est—it—d irc n - pour dos fonctions combatt u c—
tes , dos fonctions n-Ic nuoni teur do vol , d’ ossayeur en vol d’ avions ic combat , 00 , plus
s i m oleme n t l ’ aptitudo conume ctciclidat ph oto toutes categories , solon ba t e r m i n oho q ie
françoise ou encore l’ aptituc le it hi 1-l y i n g  Ci u ss I , solon ha terminobocjie amOricainu -2 -

Uno étude attentive do cc probluime , sous l’ artujb o n-los capacitCs pluysiques ot men—
ta boa ,dovrait Ctro entroprise . 11 panait opporton do l;c faire sans tardier oru tu -nant
compte dos exigencos operationnob los nuaxima qu ’ incp hiquo h’ accomphissomont dc’s divers
typos d o m i s s i o n s  sen t - u n - n o n  on m i h i c - u  m i l i t a i r e  on tennps do paix  ot sn u r t o u t  on temps do
-Jilt-n - r u’ , pour do personnel fCminin. On no pordra pits do vue , pou r a ut a n t , l ’ im p h i c a -
L i o u t  u,A ’ aot ros aspect - c , notamment  ceux rolatifs au Droit humanitaire international
(Con ven t i ons  do GonCv o do 12 AoQt 1949 et Protocob os  a d d i t i o n n e l s  A ces C o n v e n t i o n s ,
do join l978~ , dans ses dispositions relatives it la protection junidiquo des personnes
do sexo fCminin , on tomps do confbit armC . Ces rochorchos pormottrai ent do dissipor
los amb igv i it e s  dos n Cg l e n c o n tat i o n s  a d t u eh l e s  m a n i f o s t o m e n t  r C d iuj ( - e s  ~ u c u m ties hommes , - -

quand  i i  s ’ a git  do postes A r o s p o n s a b i b it é  de c o n d u i t o , A bo r d d’ avions do combat. Cos
rocherches aboutiraiont probabbennient A soggCrer dos conup l Cme n ts ou dos r C a j u s tem e n t s
mjotu x adaptCs A la c o n s t i t u t i o n  do la fonum o , c l ans  on domaino  hoor d do rosponsabihites:
colui do l’aptitude au vol sur les divers typos d’aCronefs mnn ilitaires, aux postes dc’ n-
c o n d u i t e  tie cos aCronefs , dons los m i s s i o n s  m i l i t a i r o s  v ar i C e s  quo l ’ on pout ru’ncont nor
dans one Force aénienno opCrationnelle.

C’ost par cette Cchappée vors on nouveacu champ do necherches , offort oux invosti—
gations des Services do Sante do 1 ‘Air , quo j e  c lo t u r e  ce t t e  nap ide  r e v u u e  die q ue lq o e s
pnoblCmes relatifs aux regbomontations mCdicales do selection dos aviatu’ui rs mi hita ires.

Los concepts ot les textes rohatifs aux cnitCres nuCdicaux d ’aptitn -ude u l U  vol scm—
blent , au premier abord , relativemont figes , parco qu ’ils prennent I a  f o r m o  sCvCr o ,
quasi hiCnatique , des rCghements mihitaires. Mais tous los monuments aux apparoncos
los p lus soh ides ont t o u j o u r s  l ’ on 00 l’ autro pan qu i , p lus fragile , mCrite reparat ion ;
00 qo ’il  con v i e n d r a i t  d ’ a d ap t en  A one n o u v e lle  f u n c t i o n .  Force ost t ie r e c o n n O i t r e ,
cloand on compare m in ot i e u s e m o n t  dans  tous l eu r s  dCt a i i s  los r O q l o m e n t s  d ’ ap t i t u d e  dos
F’orcos sCniennes do 1 OTAN , quo certaines do lenurs dispositions , parfois couns,icrCes par
Ia tradition , n ’ont plus qo ’uno valour douten -uso , ot que d’ autres , en raisoci die leur im-
portance , mCnitorajent qu ’un effort soit censacrC A l’ unification do Icons ;Ionn-nOos nu—
meniquos clans les Forces aCriennes do 1’OTAN . D’autres dispositions son t u n - u u v u ’r te s  A

L’Cvolution : hours modifications portent sum dos details , souvont t n O n  inc i -tortant s
clans lt ’ums consequences , ot sont  10 r e fb e t  do p rogres  r ( -t -o n t s  i n - i n s  los  u ’onl nn - ; I n ;sances
mCdicales ot dans les techniques nuCdicnlos d ’expc’rtise .

Et enfin , lb resto ho b l o c  dos nt o t i O n u ’s c l a s s i q u e s  gu i  f e r men t  1 ‘ a n - I n - l i t  u u n i -  t ie ’ s rcn-~
glements. Ccbhes— IA aossi , mabgrC hour respt’ctablo et vCnCrable sol jul i I 0, cx iule nt di’ 0—
tre reconsidCrCos penlodiquomont , u lans lear qboba li t( - , it is l uu nn - n i /- mu- u l u ’ n - i f a i l s  — gui
n u - u n n - t  p lu s  f o r t s  quo los theor ies  — et sn - in - i uu u u t  A Ia lumi t’-re des rui sul tots des mecher—
clues. Ccl les—ci  p lacOcs o n t r c n -  los m ains  tic’ cherchecurs q;uai if if’s, a l u i 2 - ~~~ i i ’  experts eDo—
vronnCs en des matluires spCcialc’s et difficilos , n - sn - nut  soulos c a p , i lu l e s  di ‘ o f I n - j r  u l c ’s s u n - l u — 
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i i - - I c c; d e l  1 lu -i u c t n ;  A 0,-u n  , u l t u u ’n - n- glu t - n - n - i lu t iu uj iu u cI ’ocut ,tdid, u i n ; c u / ut ti, c - u l t u u t u , u , n; c t  t l c t i t ’ n u  n - n - u —
t u n ; t  , t m n - n - u i i c  u . n - u  u l u . ’I ’  l i t _ i t int ’ I ‘ tutu c u - u —u i i i t u t  n - ; . ’ l u - u t u u u u u t  i t ’ u l u ’ n - n -  u _ t u t u  l u u l _ t u  a - u  l u u t  u - n - u .

t n ;  c j ( u c ’ I u l i u & n - n; i n -  u u l u j u - u n u u ’n ;  1 1 1 1 1  cu ’ cu c u i  ét  ,‘ c~cu ~’ St t c ul unu , I ~ I u iuu t i i t  u n- u n - u i i ,  4; c n t u u u u t  u ‘c u t  ‘1 SIl l I —
suinc,,’ tu t u  i t - n - u I -  u n - u t  u cia u I -  u I  u t - n  u ’h, ’s ccc ’ u u u u n u u j n u u -c ct l u _ u n - ;  u l,u c us u t  t h u _ t i  c i ’ - .
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K .  K l e i n  l;’ i 11 y t t i t  ex~ u 1 a  u n  u c i  u l n - u ’ , u t  ~- n  - l t d , i i  I y u t u t c  cun - c di cuc e cc t s c , ’u c , u n u i i n u n  t h ’  use
0 t e o n - I t  i u ~~t i c ’ ct st ’~

P .  t- :c’ t , u u  ~I ‘the  u , u i u u l , i t  ions o t  , u I  1 c l I n t , - u ’ u n - t u c d t  l i t - n  t h u t  were c - u - c ’  I u t u u - u I h - c I n tl t int-
usc’ 0 1  u ’u u t i t  .uc’t Iu -c cs ,-s at tn-he t u uluu ~ o f  the in i t  u .c l u ’ xann u jc c , tt ion. At I u t  ‘ c  t X , I I n - l l c ; . i t  ions ,
Iiu n-t-,’c’Vt ’n’ , some Air I- u n - c  c ’u n - n - , t h e  t - ’ c u - c n t ’ t u  A i r  I- on - cu ’ tIl l the I-tAt’ t i n - n  ex a u d u i tit- , a l l o w  I he t i n ; , -  c i
t’tn-ru t ae’t l enses , I-n u t  u n - cc l y  t c t c 1 i c n u t t ’ui t i n - u t  y , u n c ~ I o t u l v  w i t - tn t in e  s i n - u - u — i  t i e  -t ’ u c i l n ; n - t  jun -c u tn - I ad
o p h t h a l m o l u t u t i s t

J . M u - u i n u  c t - I  I shocu l ci I c ke to  t e l l  y u n - n - u  u n - I  u u u l c  I n -nt - s e c t  I - i n n - n i t  u i - c d  u t - u l u r u i i n l u c  f , - n n - n , ,  I , -
p h i _ o n - s  . A fter u ’ , t  I u ’ l ( l l i n -~ c tc ’ iewinc; our ox 11, -n - i t ’ dlu ’u ’ , we h u t - u c- o n c e -h  nun - It’ 1 I t - tat I h ,  u n - c l  1; u n c i u cu n - —
an t d id t o rt - d ee n-el i tos to thu.’ per forunnanu ’u.- probi ennu s ,u ss o c  i a t  n - u l  with I n -c u.- - T uu un ic ’y and

u~~ -~ -as  I n t l  I v  w i t h  n n e n s t r n - u a t i e n . In  soun ne f e m a l e  p i l o t s  the u;n -~cn h l u te un rn n - asSociat ~~I w i t  H
nn u e n c s t  c u~u l I-eu j u i u i s  a c u .  so n;ec-ec e t l n a t c I n- l nu u n nu n -us t  be p r e c l u t u i e u l  . W i t h  eac’Iu t ic t- n - n n n , t c i n -- n - -  t h e c u ’
will tn -e s, vc ’n - t i n u n - n u t  hs when a wcn-nnnan c’accn ot f l y , and i n  a u l u h i t  ion , a n-u -—t c’ aini nti I n - eriun - t i
i n  r , ’u l u u i r e t i  tuc ’ fu tn - u ’ return to full duty. In  mU i t t r y  a v i a t  ion icc F rance , I o my kno wluulun , ,

i t t - n  n- are no women pilots l i t - s e n t  ly  on t l y i n q  n - D ut y . in commercial an - ’ j o t  ion we h ave  1 w ; ’
- t i r l i c u t - I t  l u u t s  w l i u u  a d o  pe n t ut c - n n i un iuj well.

I .  I- Ic -u -sr I It seems to me that t l i t - n t ’  are two act ioccs that we mccst take reqac- ulino
I ,- nnu i It’ 1 n - j  l i t  t s : 1) t i n -  It  iv,,’ wonuen t ice o In - Iu e n -n -t n - unit n- ti n - become I n - i l  ot S ; 2 )  to  f intl out which ,
i t  an-u’ , f ly i n q  t i n -ut  his women are not abl e ’ to iu c -r  l e n - n - i l l  Sat is f a c t o r i  ly
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SUt ~ft tARY

The operat ional and physiolog ical requirements for aci Advanced Oxygen Systc n -ucc for future hig lu per formancu’
c ut n i hj t  aircra ft are considered and revi i-wed. It is concluded that such an oxygen system should emp loy a

cc~~Iecu1ar sieve oct board oxygen generation system , pressure premix fu ur dilut ion of the oxygen by air and a
twin demand regulator package. The princi p les of operat ion of such a system are considered and a desi guc is
p roposed .

INTRO D U C T I O N

For the first two decades after World War II , ie from 1945 to 1965 , the oxygen systems fitted to the rotc—
bat aircrai t ot ccsst NATO Air Forces stored oxygen in the li qu id form (LOX) and controlled the delivery of
oxygen , mixed in many applications with air , to the oronasal mask worn by the aircrew by a pa ne l o r bod y
ccs unted pressure demand regulat cur . Oxygen is still almost universall y carr ied in NATO combat aircraft as I_OX .
High pressu re gaseous storage us used for emergency supp li e s and icc certain training aircraft. The’ operational
importance un- i  fli ght ,ut ve ry hi gh altitudes in tice period from 1955 to 1965 necessitated the widespread use of
part ia l and full pressur t- su its where the oxygen regulator was mounted on the aircraft , on the ejection seat ,
in the survival putu -k or on the bod y or head of the wearer. Whilst the conventional panel motunted oxygen regu-
lator i s still wide l y emp loyed today in NATO combat aircraft several countries especiall y Fra nce , the United
States (the United States Nn-uvy) and the United King dom exp lo re d , deve loped and introduced into service in the
l 96Os , oxygen systems for routine use- at altitudes below 50,000 feet in which the regulator was mounted either d

on the e j e c t i o n  seat  or on the aircrew. Thus the United States Navy adopted a miniature 100% oxygen regulator
mounted directly in the mask , the Royal Air Force and Royal Navy adopted a bod y mounted dilution regulator
mounted on the front of the torso and the French Air Force and the Royal Air Force adopted a dilution regulator
mounted on the ejection seat. The latter site for the oxygen regulator has been favoured by the UK Development
Agencies since the earl y 1960s (it was used in the TSR2) and it has been adopted by the Germacc and Italian Air
Forces as well as the Royal Air Force in the Tuurnado .

The performance and log istic requirements of the conventional LOX storage and current generation of air
d j l o t i u n - n n- pressure demand regulator oxygen systems make these systems unsuitable however for use in the clew
combat ,uircr aft under development for the NATO Air Forces especiall y when the manner in which these aircraft
will be used in the 1980s and l99Os is taken into accOOnt. The major deficiencies in this context of the con—
vent jonal pressure demand systems and even of the new systems about to be introduced into service (eg in the - -

Tornado) are the use of LOX , the high rate of consump tion of oxygen and the need to provide a separate bre athicn g
system for operations concduucted in a chemical warfare (CW) environment. Conventional pane l mounted pressure
demand oxygen systems have , in addition , the disadvantages that they impose a relatively hi gh impedance to
resp iration and do not i nco rpora te  the desirable duplication of essential components. Furthermore , those
systems do not provide the new facilities such as pressure breathing on exposure to sustained positive accel-
eration which may well be requ u ired in the combat aircraft of the l99Os .

The requirements for and a possible desi gn of Advanced Oxygen System for combat aircraft of the late
1980s ,uu id the 1990s are considered in this paper. The performance requirements of such an Advanced Oxygen
System are derived from considering the operational characteristics and use of the new combat aircraft and
reviewing, where appropriate , the deficiencies of current conventional oxygen systems . The’ correct compro-
mises with respect to the physiolog ical requirements for an Advanced Oxygen System are also considered .
Taking account of recent and current developments in the desi gn of oxygen generating and oxygen control sys-
tems the design of an Advanced Oxygen System is proposed.

OPERAT IONAL REQUIREMENTS

Aircraft performance

The operational ceiling of future combat aircraft will generall y be less than 50,i)Ot) t e ’ u’t Fli gtit to
altitudes greater than 50,000 feet will probably occur very seldom and eyed then will generall y take the form
of a zoom manoeuvre with the time at altitudes above 50,000 feet being l imited t u t  onl y a few ccu i ccutes. Pres-
sure clothing will therefore not be required except on rare occasions. An Advance’ut Oxygecu System should
therefore provide protection against hypoxia at altitudes up to 50,000 fee-i . Ii pressucre clothing is required
then a parti al pressure scu it of the bladder type (6) probably represents the best compromise. Should thi s
form of high altitude protection be required it should be possible to select the pru -ssul re bru- ath ing—a l t i tt i ut u-
schedule appropriate to the personal equipment in use.

Futu re combat aircraft w ill ertain l y be hig hl y manoeuvrable and u- .upab le u n - I  sust aining uun - ru c s giving po si—
Live acceler ations of the order of ~—9 C for many seconds. Thus the aircrew will require e’nt cn -u u ic ed p r o t e c t i u n - n
t g . u i n s t  the i m p a i r m e n t  of p e r f o r m a n c e  prodtuced by exposure to hi gh suustained +G7 (3) . W h e t t u e ’r t h i s u’n tu a ccu ’u- ul
tolera nce is produced by improvements in the conventional G trou ser system or by rt- u- l i u c u u c g  i t cu -  a i r u ’rcw icc lIce
aircraft , positive pressure breathing will be required to prevent the gross  d i s t t urbane- u’s u- t f  pu lm occ ary f u c t c t  j u n - c u
produced by exposure to l u i gh l e v e l s  of +G 7 (9). An Advan ;’ed Oxygen System should tlue r cfu u ru - be capabl e 1’f
supp l y ing pressture bre athing on exposure to stu stained positiv e au’ut ’Ie r ,cu ion .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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t h u d  i t  joic .i l i - t i n - i c

I”tu t u u t t ’ u’omh.it t t  d u  i _ l u  t w i l l  itt’ ‘ n - i ’ ’ - u - u t  cd 1’ c c n n - i _ u t  t I n -  i c - n - u  I l u i  1 t - n - u , u I A t  u , r . l d  d n - l u ,  I i ,  r n - _ n - i c ,  u i . - w i l l  tn- u -
requi retI icc t u c  c u - i  u

_ _ u l u - n-i t~~ 1. - u n - n - _ u t uu  I t ‘, d  , I u u t l i t ’ , -  i i ,  l I c e  i t  , i  I t ,  l t d  I t u t u  n - _, - n- - .- c  t i  l u , - u u u  n- . l’t~u ’ it , I Ii t n - in- u 1’ u - n - i t - t  i d ,
, u i t , I  n - i u u s t n - t i n  -u t t i g hu s o Lt  i i ’ u - l u , - v u  11 l u , ’ ’  I g u t - l u  i unu l st r t , i t c i - u~_ I t  i s  h i gh ly la - n - i t u , t t u l u - c h i t  d l i , -  p u  , ‘ , , ‘ u l u u d  , - ‘ ,  w I u i , I u
tu.iv,’ itt be u - I  I d ue,l ‘ d u d  dot d i g  n -I I t u ’ d  I t I I u u r i u  i t  utt i ctul utn I lie ~‘, I ‘ - u u u i u l shout It! It, - u t u t u  u , ,  I d l ’ ccc i u u i muunu . l it, ’, ti c,-
n-Icutctudit et u , - , t i c  t i c  u ’ u i I I i  Luccu e d hi  ,tucd I u u n - — I d  S d  i ’ d , - — d u i .  c c  Cu1 w i n  In - in I I t , - I t t  u i ,  u n - u - I  ‘i t  ri - c  I t t  ~t t u u - I n , - c slu ,’u I d I- . - ccc i cc
m i - .,’, l .  V,-i u- u , ’ u i n - . i , t , ’ u u I ’ l , ’ I u ’g i s t ic .icttl u n - I u , - u  i n  u u u c u , , l  , t u l v , t u u n  i t ’. , - ’,  w u tu i l t i  , t , , u  i t  h un -cdt u I  jcu u i tu ot u u’uu u n - u ( Ice u t , ’t’,l t u . u
c- u - 1 n - I u - id i - n - lu t h u  . t i u , - t  . t f t  u - sn - - n - u -I c ‘n -I  t ’ u , - . l i i , - ’ ,, - - u n - l u ’ ;  1, 1 , - I - i t  t i t u S , t 1 n - 1 u  I n - u ’ vu ’nu uui u ’t  u I ,‘c ’u ’ i b l y  it ’ .u i t i - i ’ l l  c st,i -h t u s  t i n - u -

H a r r i e d -  u,’ t u i u t u  - u I  be , t1t , -u ic, - ,! t w i n -  I I  ‘ n n - u  ‘I n ni , u i u u  , l i  c t  u, ’li t . t h u -  , t t t  n- ’SI V , I ; u ,  ,- ,I (in-n -gu n Sv ’,tu’ni should u-mp h - n -  1’ci
btt .i r ui gu - u d i - r i t I, ’uu tad -sn - - n- - u - n - u  lu r _ t  Sv n - , t u ’ u u i  WliluIi u I , ’u t l  d Ot  t u ’ u l t d l I , - i’u - i n - l u ’uui ct tun uu.’u u t or se r v i u - i i t g  i l u i r i c u g  I - u t  ‘ d i -  turc i
,I ru t t u u c d  i t I  I t t , ’ .1 u c t - c u

I t  is n-- t ry I uk u ’ I v  c l t t t  Ii ru ’ru’w u - I u t~ c u t  i n - n , - , - u ’u t u h , u t  i i  r , - r . t i  I i c i  1 I it t t u n e  y ou  w i l l  ho u ’xl’ u u s u ’ ut c i ’  ic I u t  vi tic
ehie miu ’.tI v , u r c  u c , - u N i  ,u gu’uuu s - th u, ’ t’cceccuv i n -  n- - i c y  l i k e ’ Iv to n - t i c  i , -k i i x, ’ui .111 Iu ,ts u -s w i t  lu u I - c s  i s t  u-cut acud 10cc
pt’r s  u n - c  i t O  i N  u g u - u d  t n-n - t n - uu l .i i t ,  ic y  wi  I I be r e q u u  u r ou t  i t  u t I I e r , t l  ,‘ .u i ru r u t  c wlu i , ’lu arc’ u u r unt. - ly  I, l’ i ’ ,tddu , ’ u , t t u  I n - lc cc i u i. l  it’d
with n - K _ u g u . - t u t n - u  . Auc n - \ , i v , u i t u - u ’ ut t.) x v g u ’u u It v ’ , t u ’ c u u  sh~uul d d l i , ’ d u  I u n - u , ’ p r u t n - ’ u u l u ’ I n - u  u I  t - u I ton t u t  t i c . - i- t - s p i  ra t i t r v  d r u i d
ag , t in s (  the u ntl i ,Il, t t i , u i u  ,u t  t N  ,Igt ’ u n t s .  II i n - ,  ,l,’n-n - i r . i l n -  It ’ - ‘Is ,’ tli ,tl I lut ’ S’t- stu ’ccc u n ’ ” ,’ n - I , ’, t i , ’ n - i 1 n u ’ d d c  l r , -u-  g_ t s (n - u i I )
t u t  purge (tue u n - u  S

~
t
~

Iu ’ u ’ i t d  t I n - u -  .Ii ru.’rew resp ir. It u t r ,

eI.th jut I’ r , - s s u u r  i s.,t ion

l.ow pressure ,lu I 1, - r i - c I t  1,11 pressure , ,t i ’ ic r n - u will i , , u uc  ic ttu e ’ t n - n- he used i c c  hi glu pc ’rfutrmacc ue u’omb,ut au ri r ,tt
in order t o  minimise at  ruuu - d t i c - i l  vu - i  gu t acid suus t -ept ih u lil y d 1 n -  ul audu .IgL ’ u n - I  t h e  , tu  r u - r I d  u accd i t s  u ’i ’ u- up ; I c ct s  on —

ptn -icu-t r. Itu uttc i ’d t t t u ’ t- n - ih icc by missile s cur pu.t rt luu dc un - f missiles. Ttuu ,ri tlct ’ maximuc cu press’iirt’ t i l t  I u - r u i n - u - au ’r oss
the wall uuf the cabin will hi’ 3.5—5.0 Lb j u l ” - . rh,’ u ’ ,II - t hc altitude of  n- i h t i t u i r t - t’t ’mbn -j t , t i u u r , u t t  w i l l  he s u u u iu
therefore that the , u x v g t ’un s y s t em w i l l  be u ,sed t lu r e tu gl c u.u u i t ft i gh ut .

t)xygu’n n- on -stem

Im p or t an t  gen er a l  r c ’quli  ru ’cuut ’cu t s  vi tIc respect d l ’  the t x v g i ’nu sy s t e cn  f o r  a f i u t t l r , ’  t’, tun uh , I t  n - t i  ru - r a c  t , tre  t h a t
the sys tem uihcoultt he a i cuup l e to operate , re 1 iabl~ , ~- u s y  to  m n - I i d c t a i c c  and reqtui re (hut’ mi dci mi lcu c u n - I  I u n - g i s t  i _ c
support. Fin n - i l l y , th e un i t  u-ott of the c’ompl O t t ’  n - n - n-i I u ’ddd s h o u l d  be n - In - tow n-Is n- ’ n - n - ib I,’. Alt hui ttu g li rt’l isbi Ii t~
saint ainab iii ty and low u - u n - s t  are i t t  t e n  scott easil y at’h i ev eut by simplicit y i t t  n - It ’S i gci • t he per httrm acccu ’ reqiu ire—
mi’cct s may limit the degree to whi dc the s y s t e m  t’n-in he n-i iscp l if f e d  in-i t ’omp aru ’d vi  it t  tt c ,’ su r p t c i n - n - l i  i t t  ,‘uI oxygen
systems recc’cct I v  i c t t r o d u c e d  i d c t u ’  s er y i , - u - i_ c l  n - t i _ u n - - r a t  t sut - tc  ~in- i tlue Tuarnado .

OXY IEN n - t i N C E N T R A I’ION \ N h l  ( ( i N s t ’ M I ’ r l O N

Cur ren t  coi cv ent ions I p r e s sure  dema nd oxy gt ’dc n - V S  I 0155 n - Ire n-- t ry was to  l i d  u ’d  t Itt’ i n - n - v  gi ld n- d u n - r e  u , ir  r I u ’ut i t t
tlce .t i  r u - r a f t .  In tIde It I s t  t I l e  rep lacement oh h i g tc t ur flt t’ cti udci u p rt ’sst ur c- )‘ , d t t ’u’t iS S u i ’r u g t - s n - n - n -u t’ms by I OX e’otc Vt?r—
te rs recnoved p a r t  Iv thue iteed to hun -tv ,’ grt’,uc u.’e’odc un- cduy ii c t lct ’ u , u t  e u n - f  u us u’ of un - n - n - g ilt n - intl n - , , ’  un - c i t y  slu ,n - r ;i t li C it  tec cuptcu
have bee cc mui dt ’ tu ’  n - h t ’v i s , ’ tuxy gt ’cc sys tem s  in w h i t ’lc t ic,, ’ r a t e  u ’t  e’on n - t tum p t it n - d c i n - I  u n- xn - ’gt -ll u s  r uui c cimis t ’d. TIcu’ r e q i d i r u - —
mcccl however I uu n - i n - i t  itt the I og i at i i’ and u n - p t ’ r u t  i t i l l - I  I pu -nn - l  I u c u n - n -  O f  . 1 1  .1 i t ’ u-r a  I t  t n - n - n - ’  n - n- u ii n - u t  t ’ r 0 wIn i i i i  lus a t o  be
rc’pI tn-ni s l u t u l  by ro i l i i r g i  t u g  u -tn t he gc’ouucd by tI lt’ i u n - i u’ t t f  ac-i u n - c d n - t t ,i rd Oxygen  gecn u- rn - Ic d u n - i l S~ t ic  u -rn b un - is  ru .  n- I n- i’,t (hi e F
nt-cd t ,u  defic it’ (It,’ sin imum r n - I t t ’ ut  wh c i ch oxygen mt ls t  t n -u.’ s u u p p l ~u u i u n - n -  n -h i  ri ’ row in I I i glu t . In c .tcc op ecc n-- i  ru-ui I
s yst e m n - l i , ’ r u l e  u t which tuxygen is consumed jut funu ’t u u n - n u  of t he pulm ouc_ iry n - t n - r I i l ,tt j i u d u  , u t u u l  the corl,’edct rat iocc
u t  u n - x v g t ’ n c  di’! ivt’red by t ic , ’ sn - s to m c - u n -  (h i ’  th u — k  -

Pul muricary n - u - t u t u  i, u t i,m icc i l  i ghit

i’ti,~’ run- i 5 Oct 1 
~‘ ~u It tci I Ot t  :,dcuuic I n- u I ut - I t i r i  I n - i t  i ccg I uu t H,’ pit I ruI n - I d tr y n-tn-it t i t  at i on t u I a i ru r ew tn- pu’ rn-i t i ccg hi glc

pt’ r Iu’rm uuu -~’ t’un-tch n - it .,irt -r ;ift . t n t  i t  n -u rn -’ r , ’u-e dc t I n - i  11w’ n - n -c  n - u c n u h , u r u l  II SAF rt ’fer e’cc u ’enu (MI1 , — t ). --h ’ I 121-i Juic e 1971 acid
MIL—I)— 81n-tl IA) wet,’ based on n - i  p u i l m u t u c a r y  ‘- i -n u t  i l t d  jodu mt’acut’tI ,u n -’ e r t h e  whce ’ lu . ’ s, ’c - c  i e t ’I 14 .  iI1Tl’S)min~~ . W I t Ic
the i n t r o ulu c t  ion of pr essure S demand u u n ’ n - n - ’ g ,’dc r u - g u I I t  ,‘r ,i i c c t u t  tIc,,’ Royal Air F u n - t e e  icc (lit’ en - I t  lv  l9SOs i t  was
soon fu u uu nd  I l ls  t I it  1 5 I u g u t  r i  c u t  r t Ice me ut pu I m n - t u rn - I c-i n-’ecl t II i l  j un -n  was too low. En- n- 1 1 un-w i  d ig uduu ’n-ls tu remt’n t s un- f tn- u - d I It ’
n- n - t i n - g ull u ’ utc c s t i c d t p t  u i u u n  id c c I i g i u t  iuc  .u w i d i ’  v a r  i u’tv u t i  cn - t uuu h n - i t  n - I t r t ’ r ; t f l  ~u p n -u l u n u e n - d t n - i r y  n- - ,’ d d n  i l i t  io,c ,‘t 2 4  (BT1’Slccc i uc
w in, adopt  cd I u ’r  ,r , - uI u u t  uocg dlii ’ u n - n - n - g u ll u ’occt uu dcup t u u ’i ’ I t ’d ’ t lie p i I u t t  - n- I a s i dcg  I , ’ n - ;, - , u I  - i  i n - c  c- ,t I I ( I u ’  i cut ’ I uu u lu ’  t17’
u ’d i ’ u - t - u t r d - ,’ t t i - t - s t  (2). The t ’u n - r r . ’spot c d i u c g  p t u l u i cu ’nn - t ry  n - t I l t  I t n - i t  ion  peu nnu.l cc t n -’r I’ or 1 n--r , ’w n- u i  ru - c u t  I was
I t I  .7 1 BTl’S)min I , and I it t  -i ttr mitre cru’w i i  r u  r ,t t I wn - t s  I i .  I (BTt’t~)nuiuc~~

Ia t hut’  1 , 1 s t  I u ’W S t i r s  me ’n -ta i l r em u ’c c t n - I  - I  I In’ (RI i iu tu ’ccn - tr v n -n - u - lu  t I I  u t  i t -n i t t  p i t  u rt n-i I I n - - i ~~ u - un- mh n - it  _ u r , - d - ,u I t I i , u n - -~-
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periods in I li ght whcen c- Itt ’ pulmonary venti 1st ion exceeds tlct ’ mean for the comp lete sort ie. Thce i cif I i glut da t,t
obtained by RAE lAM (10) suggest tlcat the maximum putcctoccary venti latioc c whc icht may b~ sustained i u u  flig ht for
longer than 30 st- c is 40 ((BTPS)ccuin~~.

Concentration of tuxygen in the insp ired gas

The i-oncentrati ouc of oxygen in the gas delivered by an oxygen system is an important fau -tor jut deter—
mining the rate at which t~~ oxygen suppl y is cocca umed . The relationships between the rate of consumpt ion
of oxygen and cabin attitude for a pulmoccary ventilation of 23 t (BTPS)min”1 for open c i r c u i t  a i r  diluti on
demand systems which maintain alveolar oxygen tensions equal to those associated with breathing air at
ground level and altitudes of 5000 and 8000 feet (with an alveolar carbon dioxide tension of 38—40 rant Hg)

— are presented in figure 1. The practical implications in terms of oxygen economy in requiring that thce
oxygen delivery system delivers air/oxygen mixtures which will maintain the equivalt’nt of breathing air 31
5000 or 8000 feet rather than ground level are very apparent. Thus at a cabin altitude of 15 .000 feet the
rate of oxygen consumption is reduced by 60% by diminishiing the oxygen concentration in thu e gas delivered
to the respiratory tract from that required to maintain a ground level alveolar oxygen tension to that which
will produce an alveolar oxygect tension equa l to that when breathin g air at 5000 feet. Also shcowtc in
figure 1 is the rate of consumption of oxygen in a system emp loy ing a conventional injector dilution demand
regulator. The great waste of oxygen produced by this form of regulator is readily apparent.

The relationshi p between the minimum concentration of oxygen in the inspired gas and cabin altitude is
of great significance in the desi gn of an Advanced Oxygen System where economy in the use of oxygen will
almost certainl y be of major concern. A detailed review of the maximum acceptable degree of hy p o x i a  in
fli ght reported elsewhere (7) has led to the conclusion that the oxygen tension in the gas entering the lungs
(tracheal) should be 122 ccacu Hg (equivalent to breathing air at an altitude of 5000 feet) or greater. The
relationship between cabin altitude and the concentration of oxygen in the inspired gas required to maintain
the equivalent of breathing air at 5000 feet is given in figure 2.

A further factor which influences the relationship between the concentration of oxygen in the insp i red
gas and cabi n altitude is the need to prevent impairment of performance due to hypoxia following a failure of
the pressure cabin at hi gh altitude. The fall of the total pressure of the alveolar gas produced by rap id
decompression of the cabin of an aircraft at alu.itude produces a concomitant reduction of the alveolar oxygen
tension (P02) which may be to such a leve l that it produces impairment of performance or even unconsciousness.
If the decompression is to an altitude greater than 30 ,000 feet then loOZoxygen must be delivered to the
respiratory tract ixmnediatel y the decompression occurs if there is not to be a significant impairment of con-
sciousness. There will be a significant impairment of performance if the alveolar is reduced during the
decompression to below 30 cncm Hg even for a very short period of time . The oxygen delivery system should
therefore prevent the alveolar P09 falling below 30 ccmn Hg as a result of a rapid decompression (for this pur—
pose the maximum altitude producea by a decompression can be considered to lie between 38,000 and 44.000 fee t ,
depending upon the pressure breathing/pressure suit system in use). The major factors determining the mininlum
value of the alveolar P0, after a rapid decompression are the initial and final cabin altitudes , and the corn—
position of the gas breathed before and after the decompression. Assuming that 100% oxygen is delivered to
the respiratory tract ininediately the decompression occurs the alveolar P02 may be prevented from falling to
below 30 m Hg by ensuring that a certain minimum concentration of oxygen is breathed when the pressure cabin
is intact. The concentration of oxygen required will vary with the initial and final cabin altitudes , as
shown in figure 2 (interrupted lines indicate cabin altitude after decompression). It is then possible , know—
ing the normal relationshi p between cabin and aircraft altitude with the cabin pressurised , to describe a
curve which indicates the minimum concentration of oxygen required to prevent the alveolar i’O9 falling below
30 cuss Hg on decompression of the cabin. The solid curve in figure 2 indicates this relations h ip for a
lypical combat aircraft (with a maximum cabin differential pressure of 5.0 Lb/in ’2).

The limit for the maximum concentration of oxygen acceptable in the insp ired gas is set by cons iderations
of the incidence of lung collapse (acceleration atelectasis) on exposure to sustained +G~ (5) and delayedotitic barotraunua (11) produced by the absence if an adequate concentration of nitrogen (or other phys iolog i—
cally inert and relativel y insoluble gas). It is highly desirable that the concentration of nitrogen in the
insp ired ga~ doea not fall below 40%, ie that the concentration of oxygen in an a i r/oxygen  mixture does not
exceed 60% (5).

Various changes to the relationship between the concentration of oxygen in the insp ired gas and cabi n
altitude shown by the heavy l ine  in figure 2 may be made in order to simplify the design of an oxygen deli-
very system. If , however , economy in the use of oxygen is paramount this curve represents the minimum oxygen
concentration which is acceptable at a given altitude .

The heavy curve of figure 2 relates to the concentration of oxygen in the insp ired gas. This concentra—
tion may howeve r , if a mask leak is present , be less than the concentration of oxygen delivered to the mask
by the oxygen system. There are several ways in which the presence of an inboard mask leak may be combatted.
These include increasing the concentration of oxygen in the gas delivered to the mask , by adding a continuous
flow of oxygen to that provided by the demand valve or by maintaining the pressure in the mask cavity during
insp iration greater than that of the environment (safety pressure) . The maintenance of safety pressure in
the mask cavity is the most effective and reliable of these alternatives. In practice it may clot be possible
to main tai n the pressure in the mask greater than that of the environment throughout all insp irations without
greatly increasing the mean and maximum mask cavity pri’ss uures. Since inboard leakage is pr opo rtio n n - ull y much
greater during quiet breathing and becomes insi gnificant as far as hypoxia is concerned during heavy breathing
it is generally adequate to maintain mask cavity pressure greater than that of the environment at insp ir atory
flows of up to 70 t(ATPD)min ’. If the oxygen delivery system provides safety pressure n- t i n - ill altitudes then
there will be a gross loss of oxygen whenever the mask is not secured to the user ’s face. This disadvantage
can be overcome by either the use of a manual on/off valve in the oxygen supp ly or ouc ly providiiug safety pres-
sure when it is necessary. Thus , when the system is delivering oxygen diluted with air , itcboard mask l eakage
will not cause significant hypoxia (depending on the degree of n - h i t  dilution emp ltn -vu.d) until the cabin altitude
exceeds 8,000 to 10 ,000 feet. In this condition of use safe-ty pressure can be switched in tmn - operation above
specified cabin altitude eg tO 000 feet. When the breathing equipment is being used to prevent inboard 
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leakage of toxic tmum es fr-tm c - l i t -  surrounding cabitc environm,’cct s I I .ty pressur e- should be present n-it all alt i—
h id e ’s ,  Thus , it should he possible to select safu-ty presstire by ,u manual n -n -p c -ration it ally altitude.

Assuming thn - tt mask Lt ’,iks are n u n - u t  present th u c’cc it is puus s i b l e  u s i n g  thu mean maximum pulmonary vu -n i t I , i —
tions derived for n-n- u i n g l e  acid t wn - n - n- rev combat  ai ri -r a t  1 ( 2  1. 1) ,ucc u l  19.7 n - - (BTP S) m in 1 respect ively) and the
curves presented in I i g iu r t ’ 2 to c,ilculate th it’ n-’apai’ity of c- Ice tuxygen supp l y requ ired in n-i g i v u - d n combat air—
cr ,ut t. The results of these u - , i l n - - i u l , i t i o n s  n-ire presented icc fi gure 3. The initial peak in the rat,- of con—
sumpt ion of the oxygen supply, that i c -  17 ,000 (met , is the conseqtlu’ici - t’ of the need to prevent hypoxia during
and icusn ediatel y afte r a rap id decompression at hi gh altitude. The second peak , that at 25 ,000 feet , is the
result of system deluv e .rt r u g  1007. oxyged at all cabin altitudes above 25,000 feet. Wit h a cabin differential
pressure of 5.0 Lb i cc ~~~ , the cabin ,iltitud e will not norunnal ly exceed 22 ,500 feet in ann aircraft with a ceil-
ing of 50,000 feet.

IMPEDANCE TO RESPIRATION

The impedance to resp iration imposed by current conventional pressure demand oxygen systems is excessive
especially when hi gh flows are demanded from the system as duric cg speech (4), air combat (10), and during
head movements which change the volume of the inlet hose to the mask (16). The imposition of a hi gh imped-
ance c i - breathing gives rise to fati gue of the resp iratory muscles , discomfort and in some individuals c- tn-
hypoventil ation and in others to hyperventilation . Although ideall y the oxygen delivery system should not
impose any impedance to resp iration this situation cannot be achieved in practice. The practical compro-
mises which should be achieved in an Advanced Oxygen System are outlined in the following paragraphs. The
impedance to respiration imposed by a breathing system can be defined by specif yin g the allowable relation-
shi ps between pressure in the mask cuivity and the corresponding respiratory demands. It is most meaningful
to relate minimum and maximum mask pre ssure s dur i ng a resp iratory cycle to the corresponding peak insp ira-
to ry  and exp i r a t o r y  Tl ows n - t t ’ mn - ic - in - I ed by th e wearer. The pressure at the lips (ie in the  mask cavity) moaned
over the whole resp iratory cycle is also a useful expression of the performance of an oxygen delivery system
as this quantity determines , in part , the cardioreapiratory str ,-sse -s imposed by the equipment.

Resp iratory Demands

The resp iratory demands placed upon an oxygen delivery system by the aircrewmember can vary widel y.
The hi ghest instantaneous flows occur during and iminedia rel y after heavy work such as air combat and rapid
cockpit entry and take off. Peak insp i ratory flow is also very high during spetch althoug h the pulmonary
ventilation may be relativel y low ( 4 ) .  The peak i nap i r a to ry  and exp iratn - ry flows of aircrew which must be
met by oxygen delivery systems can be as high as 170 Z(ATPD)min ”1 . The rate of change n-n - f resp iratory f low
also p lays a part in determining the dynamic behaviour of oxygen delivery equi pment. The rate of change of
inspiratory and exp iratory flow can be as hi gh as 15 ~(ATPD)sec

2.

Mask Cavity Pressures

Mask pressure swing. The total change of pressure in the mask cavity thuroug hout the respiratory cycle
(ie the difference between the minimum and maximum mask cavity pressures) should be as low as possible.
The greater this total swi ng the greater is the sensation of resistance to breathing and the greater is the
incidence of hypervent ilation , particularl y in inexperienced aircrew and in situations of high mental work—
load. The total change of mask cavity pressure during the resp iratory cycle during normal use at altitudes
up to 50,000 feet with or without safety pressure present should not exceed:

a. 0.5 kPa (2.0 inch water gauge) at peak resp iratory flows of 30 Z(ATPD)min’
~ and

b. 1.0 kPa (4.0 inch water gauge) at peak resp iratory flows of 110 (u ,AT PD)min ’
~
’t .

Minimum mask pressure. The absolute minimum mask pressure during the resp iratory cycle should not be lower
than a certain level (related to the peak insp iratory flow) otherwise there is a sensation of excessive
inspiratory resistance . The minimum mask cavity pressure during insp iration in normal use at all altitudes
below 38 ,000 feet (when safety pressure is not present) should not be lower (in the absolute sense) than :

a. —0.38 kPa (1.5 inch water gauge) at a peak insp iratory flow of 30 t (ATPD)min and

b. —0.63 kPa (2.5 inch water gauge) at a peak insp iratory flow of 110 ~(ATPD)min
1 .

When safety pressure is present the minimum mask cavity pressure is determined by the requirement t o  main-
tain the mask pressure greater than that of the environment at insp irat ory flows up to at least
70 t (AT PD)min ’

~~.

Maximum mask pressure. The maximum mask cavity pressure during exp iration must not exceed a certain level ,
related to the expiratory flow otherwise there will be a sensation of excessive resistance c- u n - exp iration.
The maximum mask cavity pressures during expiration in normal use at all altitudes below 38 ,000 feet (wicon
safety pressure is not present) should not be greater than:

a. 0.38 kPa (1.5 inch water gauge) at a peak exp iratory flow of 30 Q(ATPD)min l , and

b. 0.75 kPa (3.0 inch water gauge) at a peak exp itatory flow of 110 Q (ATPD)min 1 .

When safety pressure is present the corresponding limits for maximum mask pressure are (a) 0.75 kIn-a (3.0 inch
water gauge) and (b) 1.0 kPa (4.0 inch water gauge).

Allowable further increases in mask pressure. In use , certain routine and emergency conditions tend c - m n- r n-ii st
the pressures in the mask cavity above the values seen during breathing in the steady stat ,’, Thus , in n - I
typical pressure demand system in which the outlet valve of the mask is compensated to the pressure in  the
inlet hose of the mask, head movement increases the pressure in the mask hose and hence c-Ice resistance to 
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I S p  i i  at h u t  and s i n - u n - i  l i r  l ’~ r i si - - I  m .in - , ln- hiou m e- pressur e produced by a rap id ascen t also i n e r t - n - t a t - s  t h e  exp i r a—
t u c v re-shs taicce . In Otu iu t t i n  s ia i l c ta icc  b r e a t h i n g  n- u-u n it i u r i i t  i n - n -  h i gh l y d e s i r a b l e  t h i n - i t t h e  r i se  of mask c a v i t y
i n n n - I u i i - u- d b y r e - i l  in - i t u l i t - in - I ic cc n-v e -m eui t s  n - ur by c-lie cn iaximum r u t  e of ,Iscent at cabin alt itudc- should not exceed
0, US k l . t  ( U . S i i c c h u  wa tt -u gauge) . l’ht- r i s e  of mask pr e ’ssu re ic i d iu ced by a I , t i  l u r e -  of the  p r e s s u r e  c a b i n
(rapid de’ n--ompression t i n  Inc  , a l h i t u u l e  b e l o w  50,000 I t - n - - c - )  n - u t b y a c o n t i n u o u s  f l o w  f a i l u r e  of the  demaccd v a l v e
o u c - hue  oxygen dcl ivi -r v system slu n - u u l d not be such u n - n - t o  av e r — e x p a n d  the lungs to the extent that c-here is a
risk n - n - I l u n g  damage - . Thu s c -hit- mask n - r , - s s u r t ’ in these circumstances (rapid decompression to 50,000 feet in 

—

0. 1 set - n -n r a I i i  l u r e  g iv  u cug .i l u l l  f i n - u w  u - I  n - ux yg e- cu u c c c i u  the del ivu-ry system) sh ould not exceed 5—9 kPa
(20— tu inch w .ttt ’r gauge)

PRE SSURE B R E A T h I I N ;

Prevent i n - t i t  o f R yp u n - x u i  Above’ - i l  ,iitll ) Feet

Pressure bre it hic ig with lOO~ oxygen is required to p r even t  serious hypoxia on exposure to altitudes - -

above 3O ,0~Sn feet. Pressure hr eathu i c cg with n-c pressure sealing mask is used to provide sho ct  d u r a t i o n  pro—
ti - n--c - ion against huypttxia n - n - t n  exposure t o  pressure altitudes up to 50,000 feet. The mean mask cavity pressure
required ,Ic- 50,000 h m ’ e c -  i s  a compromise between too h i gh a pressure whic h will pro dun --e  syncope and too low

pressure which w i l l  no t prevec i c- u s e r i o u s  deterioration 01 p e r f o r m a n c e  due to hypox ia. The acceptable
n- ompromisn -- i s a mean mask pressure between 4.0 acid 4.5 kPa (16—18 inch water gauge) at 50,000 feet. Between
40 ,000 ( u t - i  and Si) , i RR )  f n -- t -t  c-Ice me-n - ic c  mask In - rn - -ss urt - should increase linearl y wit h fall of environmental
pressure , the l i m i t s  of mean mask p re s su re  at 40 ,000 fe e c -  be ing +0 .1 to +1.0 kPa (0.4 to 4.0 inch water
g a u g e ) .

Press—to—Test Facility

A fa cility whcer n -’bv pressure breathic ig may be obtained by cht ’ operation of a manual control is required
t o  enable the user to test the standard of seal o the low pressure delivery system up to and including the -
mask. The performance of this facility is to be such t h at the user can comp lete several resp iratory cycles
w ith the mask pressure raised. The mean mask pressure produced by the facility should be within the limits
3.5 and 4.5 kPa (14-18 inch water gauge). The total change of mask cavity pressure during the operation of
c-he press—to—test facility should not exceed 0.75 kIn-a (3.0 inch water gauge) with peak res p i r a tory fl ows of
30 1(ATPD )micc l .

Prote- i-tion Against Sustained Positive Acce’l eration

Positive pressure breathing can be employed to increase tolerance to sustained positive acceleration.
Thus , raising the inc-rapulmonary pressure by 0.7 kPa (5 cmii Hg) per C increases the relaxed C threshold by
0.8— 1.0 C. Whecc pressure breathing is used to enhance tolerance of positive acceleration the mean mask
c,iv [c-y press u r e - should increase linearl y with acceleration so that the mean mask pressure is 0.7 x C kPa C-’

where C is the t o t a l  app l ied accu -leration . Pressure breathing should coccmcence with increas ing acceleration
at  be’c-wee ic 3.8 and 4 . 2  C and stiu n - u i luh cease with decreasing acceleration at between 2.8 and 3 .2  G. The total -

swing of mask c a v i t y  pressure during the resp iratory cycle when pressure breathing is operativ e- n - n - lc n - uu l d no t
exceed 1.0 kPa (4.0 inch water gauge) with peak inap iratory and exp i r a tory f lows o f 110 Q (ATPD)min”1 .

PROTECTION AGAINST CHEMICAL WARFARE AGENTS

When required , an Advanced Oxygen System must be capable of providing adequate protection to the respira-
tory tract against the effects of chemical warfare (CW) agents in vapour , aerosol or liquid form present both
exte rnal to the airci--u ft and within the crew compartment. The system must provide protection to the resp ira—
tory tract to a specified protection factor. This protection is provided by c-he delivery of gas free of sig-
nificant quantities of CW agents to the resp iratory tract and the maintenance of s a f e t y  p r e s s u r e  in the mask -

cav ity at insp iratory flows of up to at least 85 t(ATPD)min ’1 a t  all cabin altitudes from ground level to
38,000 feet. The performance of the oxygen system when providing protection against CW agents with respect to
the concentration of oxygen in the insp ired gas , c-he impedance which i t  imposes on resp i r a t i o n  and the provi-
sion of pressure breathing at hi gh altitude and on exposure to +C~ should meet the requirements specified in
the preceding paragrap hs. The complete oxygen delivery system must be desi gned so that CW agents cannot gain
access to the gas passing to the resp iratory tract. It will probab ly be necessary to insert a rep l acea b le
chemical ( u t  ivated charcoal) filter in the air supp ly and perhaps the oxygen supp l y to the regu lator.

Provision of p u t - t i - c t  ion against CW agents will almost certainl y involve c-lie use o -i special to task air— -

crew NBC resp ir a tun - r wh i ch envelops the head and which is divided into two compartments by an internal oronasal
mask. The l a t t e r  w i l l  be the means of d e l i v e r y  of c-he gas from c-lie regulating package to the resp iratory tract.
The hood compartme-n t of the’ resp irator (that part which i s  external to the n-n -r o cn ,m n - n - i l mask) will also require a
supp ly n - n - f gas f ree u n - f  CW ageccts. A continuous flow of gas th rough this compartment will prtivide the required
protection .ieaina t cw agents to the eyes , will prevent misting of thce internal surf ,ii -e 01 the visual area of
the n- uunin p~i r t me n t  m d  all evi .ite the thermal strain induced by wm ’Iring the resp ir a c - n - n - r. The cl aw of CW agent free
gas r e q u i r e d  c - un - purge the hood compartment is of the order of 50 ‘(ATPD)min ~~. In order t n -n -  minimise the rate -

u n - f  use n- n - f  oxygen it should be air rather than oxygen enriched air. It is desirable that the provision of this
hood compartment i i r  i s  integrated closel y with the provision of gas ti n - the respiratory tract.

OP E RA TIONAL FEATURES

Pup h i c n - n t i o n  un-I E ssenti al Features

In a low diff erential pressu re cabin c-lie oxygen system is the primary means of pu n-u i- i-l ion agains t hypoxia.
Fti rthercm n-re’. in - i  l w  ec c v i r u n -n n mn - ne’n - n t the oxygen system as envisaged here provides the primary protection against
t n - s i  ,,gi ’n t s  to  the resp iritun - ry tr act (and probably the eyes). It is essential t Ilt -ru-fore that an Advaucced
i)xygen System has a very h i gh n-Iegree of reliability. Experience has shown that the desired level n - n -f  reliabilit y
c m  u n - n l y  bt - obtained by the dup lic a tion of certain parts of an oxygen s y n - u u t ’m , specificall y the source n-n -I

n - r e n - i th i n g  gas ,mnd the demand regulator.
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An Advaniuen-l Oxygen S~-stem stii u u i ul t h e - r d - n - c  i - I n - r u u v i d e  ut ml te ’r i tac - ive’ supp l y ( .-m dr g e ’c c c y )  of n - u x v g e ii . al b e i t
in- I I imi ted durat ion. A g In- , c, un-n - Sto re ’  cont  aicc i tc g 70 I . i t  re (N I’t n- - u oxygen w i l l  mel t thu is re’qtm i rement . The
n - i n - u~ c m ust  be , ih le  to t u r n  u n - i t  c - hi t’ e’cn t ergi ’l cn - - v  sum-p l y by manua l  n - u l u u r . l t  u n-n - cc u n -u .m s imp le’ i n - n - i c c - c u - I  . i h e c e - mus t t n - i

m n - i  .iI t e rc i . c t  ive meacc s tn -c o b t a i u i i c t 1,  gas I tom the  main aicd the emergency n -xy g en supp l ie s in the u - ve’ nnt u n - I  a
c m i  lu re u i i  the m.ii cc r e’g u ln - i c - iu r c un- pass ga s .  lIce cit -ed c - ut this t a r  i i i  n y c -under  CW c o n d i t i o n s  di rt m c  u - n -~ c -h it the

- - nl t Inv ~ t i i td l n - v  r i - g l i l I t  m u g  n- l e’v i c e  m u st  be .i de’mn-und v,mIve ’ . Wh en si- I c u t  i n - I , the’ su ’c u n - c l u I , I r v  r e’gul I c  or s h i n - l i  Id
,ils ti m a i n t a i n  sa t ~- t y  (n -ri - ss un - ri ’ in  c-hi ,- mask cavity. lIce ccee ’d t n - i n  the se -citcidary regula ti u r I n -  u~ n- - V  i mti - n -u~ -ss uiri-
bre athing on e’xpen-sure t n - n  e u  th ier n- ,m tu i cc .u l t j t u u d e s  ih~n - v ,- - , i l , n - in )( t  I c m l  or siista inni -d 1 n - n - n -s i t i ve  i n - u i  l i - r a t  ions  w u  I I
depe nd upon th, ,‘x,in-- t ru u Ic ’ u n - I  t i ,’  i i  rn - - rn - u t t o wh c u n - l i  t h e ’ system is t n - n- be f i t t e d  acid the’ n-oini p h ju ,I t ma cc
u iivu u l v i - ,I in p u n - v iding c - li e n-n - i - t , ii  i l i t  ui-S.

u n n - l u  ii~~ - - I Sys c-em h- ,m c li t r e -

The a s i c  must be given .tn mcc im .qu i v n - u n -- i l  wn - irc c i ng  un-I ~i l , l i l i t re ’  i n - I  t h e  c-n- xy ge cc n - I t _ I ive ’ry s\ - st e m  w l c ie - hc  c o u l d
g u v i -  r u s e ’ c i - hy p ox i a .  11p m t I rn -cnn w n - m r u c i n g s  icct - orp n -n -ua t e’d in c - lie ’ Cec ctr ,il W n -m rnic i g System u n - t  t I n - i - aircraft ( I l i -
u m — s t .-f I c-c t i vt me’ hctn-eI u ’ I i nd ~ u I t  icc g a mn-I It ucc cc - i on n- - u  au n-n - xv gecc n - v  n - n - c em is tInt- i ucicuced i it u i mpen- s c c  it -u n u t  a hi g hu
r e s i s t  , m n n t u  t n - n  ic — sp i t - I t  ion ,  w i t h  an ecccbo a rd o x v g u - n n  gen ie -ra t  i n - I n n  s y s t e m  i t  i s  c iecessa ry  c - i l  pu n -w i de- a me m n i s  of
moni t u r i n g  thie ’ p . ur t  ial  p r esse t re  n- n-f  oxyge ic (P 0 n- I icc t h e  gas n -It _ I  i ve red  t n -n- t h e  resp i r a t o r y  c - r a t - c - .  TIn - c i n - u t  pitt
o f t h e  ~~ - s ec cs n - n - r  n--a d be usi ’ n-I t n-n- pr o v i d e  war u i tc i g t n - f  system f a i  l i t r e .  flit’ I-O.i uuu -l n - so r s h i u ’u l d  men -ni t ’ n -r  c - l ie  l~j -
at c l i i  - al l i t  un-f the  re -sit la t or  r a t h e r  than  in c- l ie  mask i ,t v i c - v  ( 1 )

~m m p luci tv tn - c Emeu r g e u t i c y  D r i l l s

The opern-ct in-ins wici e-hi have c - un - he c a r r ie d  u n -n i t  icc c- lie m -ve c c t n - n - f  a f a i l u r e  n - n - c  n - u comp enuceuct n- n - f  sun- cite cc-tru e-ci t
u u~~ n- ge - nc sy s t ems  cap e-c  u , m l  l v  c t n t ’s,’ emp loy i n g  ben-d y m oe inte - d r e g u l a c  n- - c - s are  comp le-x .  T h e  ab c  I i  ~

- of the mu s e - n tn- n -

c a r r y n-n -e a t  t he  oper n - i t  i n - u n t s  c n - n - r r e c t  ly  and rap i d l y ni ,u v well he’ impa i reul b y t h e  mn-i l fmu cu n - t i u n -u n-  n - c  t h e  sy s t e m. I t
is e s s e n t i a l  icc an n- n-a n - i vn - ince ’d m)x yge ’cn Sy s t e m  thin -i t c -hi t -  d i a gu c o s i s  u n - f  a f . n n l t  in c-lie s y s t e m  and c - Ice ’ s t e ps I n - u be’
.,ikec i t o cn - n - r r e c t  i t  s h a l l  he as s i m p l e  ,ms pn -n - s~~i b l e - . Ide a l l y  i t  s l n n - - u i l n - l  n- n- cd he c c e n - e s s Ir v  t ot c - l u ,- use r t i n-

l n - m - r l i n - rm a s m i n g l e  u n -pe ’ r n c- i n - n - i n icc en-rn - her  t n - n- n-n - b c - t i n  gas f r u n - m  t h e  enuc er g enn --y seipp ly  t h u r u n - u g h  t I n t - si - u - u n - n n n - I i n v  u c g i l i l  n-n - r
Fu r the rm or e ’ , m l  the  cause un- I t h e  m . i l f u n c t i o n  n - r  the n - c p p a r m ’nt t m a l t  mm cc - ion is not .i f , i c - I m i r e ’  of tI le mac - cc  supp ly
tn - u the r eg iu l n - i t m n - r  t huen  c- Ice emerg encn -.- oxygen supp l y s h u n - m i l d  r e m a i c c  ju n - I i t t  and th e  n - u s c- u s h i o n - m l d  be n - c h I n -- t n - u ~In -,t er-
m i n e  t h at he is not using it.

Protection Against Hypoxia on E n - n - n- - a pt -

An Advanced Oxygen S~-ste m sh cn -n -uld prev ed ct I u y p n - n - x i  ,m during m n - n - n - a p i -  n - i t  h u g h a I c - i t i i d e’ . Thins it sh t n - i t l d  uiu n- u —

mat icn -cl lv p r e n - v i d u ’  oxygen foll owi nng i’j e ’c tion ic h i gh a l t i tude tlmn -wcn- t n - n- c- l ie ,t l t i t i a d e ’ ,m c- which c - Ice  nu ,iuc n- m i l e ’s
f rom c- tie e j e c t  iocc seat  t h u r  iccg tIme u - s i - , t I n - c  sequ euui u ’e (In - c l n- n- ui I ~-~, i) i n- ln f i t - c - ) .  Thc n -’ i n - x v g i - c i  su ipp I y r e qu i  ri n-I I n- n - r this
pr o c - cc t iocu c,I cc be c-he m’merge ’nic%- supp lv 70 ( N l t 3  1 cic-’ce-ss,i rv to meet c-hue’ requ i remecut a tn - n - c in a I c - u  c c c i iv ,
n - n - e n -  n - n - n t - l i rv suppl y n-n -f n- n- n-cc gem- . F i i c  t ion in - I  the sea t  and use- r I ti n-ci t c- he  n-i i rc u_i ft slcou I d t tutu n-n-cc t hue s upp I v -

An tidrowning mind A n c - i s e i f f o ,- i t i o n  F , i n - i l i t i t s

ci
An Advanced t)xygen System should  preve’nt w i t e c  b e i n g  dr n - I wu c in c -un- t hue  ncn- isk c a v i t y  w l nu n t h e i rewnn-e’mhn-er i i i

i cmctcrsed in water up ti n- th e It-vt ’ I n- n -t h i s  icc’ck acn-d pray ide ,i me,cnn-n- in th esn-’ circumstance ’s 01 i n n s p i r ing ,a i t
c - h un - n - ugh a val vm ’ ct head l e v e l .  Th us the svs te’cim s h o u l d  hn - f itted wit h st~l [—sealing v ,ml vn -- a t n - n- p r ev e n t  t.- , i t t -r
be ing drawn i m n t n - n- c - h u e  n- n - r n -n - n c is,i I mask n -n - cc u nccn i er n-n- i n -n - dn - u n - c  c -Ic c’ b~’n-I v t u m ’ l u uw t he  neck icc w a t e ’r .  flu en- i t’ v m l  v t -s s h i n - i l l  come’
i n to  u u j n -t ’ r t c -  ion a u t o m a t i c a l l y d u n -- idcg the  e s i , i p t - sequence it  mn - in—sea t  s e pa r a t  i n -n - n ,  T l u , - n- n - r n - n -u n t s , i l  r n c. mn - n - k sht n - c t l n - l  ln - t

i t t  m’d w i t h  an i ccward r e l i e f  v a l v e  w h i c h  i l l  n- n -wa n- u r tu n -  b~’ drawn in deur  ills iIn - sp i n  u in -n -n o n l y  wlcecc c - Ice ’ u n - xvg en
mask hose is n - n -u - p i r a ted f r o m  th ie  u n - x y g e-n s u p p l y  s y s t e m  d u r i c c g  c- Ice i - n - n - c a p t’ s equen ce .  A s i n u p l u - spr i c n - g  l n - n- , i n - t m  d
inwarn-I re Ii t’f c - a l e c  w h im ’hi an - pens n -m t a mask su c t i o n  m- f 1 . 2 5 — 1 .  76 kI ’ c ( 5 — 7  i cccli v i  l i t  gauge ’) w i l l  su uf  I i ci - n or
th u s  purpose. Such a simp le n -m ntisuff m-n-cat ion valve will nun - ut be n -ce ceptah le , however , win-eu act aircrew Nh -
resp irator is used, n-c-cu ,ulternative method of obt ,eiccing iccwar ml s relief or deletion n- n - f  the antic -hun-win-icc5 I _ I n -- i —
lity when this equipment is worn is required .

SOURCE OF RO UT INE OXYGEN SUPPLY IN FLIGHT

A. CIT RRENT SYSTEMS

Li quid Oxygen Storage Systems

V i r t u a l l y  all current combat .u ircr n - a ft n--arry oxygecu itc liquid I n- n - r s t  1, 0Xl . The I c- n -N is  pre n-diicm’uI f r i — rn n - tic
by ground b ,u se’ul plant and transported in large vacuum flasks t i n -  s m a l l u -r  f I n - t s k s  t ram w h c i c l u  c-Ice a i rn -- r ,iu t 1.06
converters are ch .urged either in situ in c- Ice aircraft u n -c  out of t h e aircr n-cft icc servii’ing bays. Icc gu -u c era l
modern LOX t u uun\ u r c-era current In -u’ f itted to  many n - mi rcraft tel i mb l v  siupply n-n-xy gt’uc n-it between 70 n- n- un - n- I t i n-i t Lb i cn- ’
t u n- the oxygen regulatt-rs. The log istics n-n-f manufacture n-m u d transport of 106 t i n -  t h~ n - t i  r c r a f c -  I -OX cu - l i v e - r I  e r
cr , ’ , however , considerable. Onl y u small proporc u u n- u n (loss t h i n - tn  20 1 n- n - I  t tic l OX gin-lie- c I ted in the mac-uufzcc c-mar i n t -. -

p1 m t  reaches the aircraft LOX convertu- c owiccg t n - n -  thce need to evaporate ’ LOX i n - n -  n-~n- n- n - u I  the n - n -n -un-c n- u i c c e c s  n- mu d nca iu c—
t n - i c n  the r ema inde r  m n- f the oxygen in tlce ’ li quid form. Even when c- Ice coccve rt n-’r is f i l l e d  • n- n - x v g m’n is secb su -—
q~ien t ly len -st n-ms gus as l u e l t  leaks m c - ,’ the liquid wit 1cm thce ru n - cu t n - c iner  . Fur t lc t ’r more • W I l t - m e -v t - r l O X  i s  In-anti I c u t
t h e r e ’ is an increased f u r ”  tua zare l  and cons i d e - t a b l e  rn - i re  In - as to be e x e r c i sed  t i n -  , t\ ’ m n- id  cocc c- n - cm iuu ,i t u n-cc of ION
s ic -t b  hy dro carbons , halogen compn-n-e ind s n -intl ~n - t h t e r st ib st  accces w h i c h  can re n - i chc t n- ’x i  t’ I t - y e n - I s  in  c-Ice tn -xy 1~e ’tc sulup i i , n - I
by the LOX conve r t e r  tn - u t h e  I n - n .m tIn icug sy s t e m .  F j u n - a t  l~ . si c - I t  t h i  uieeul  It - e n s u u c e  t i t n - i t  t lie 106 c u n - i i \ ’ t - r I m r  w i l l
su pp ly gasm’u n-u u n - n - oxygen at  c - t u e  re’q m u i red I n -c t ’s su re ’ n - n - in-u n -cc  m t  I t ’d ri -I  i l l  i ng  I i i  th l O X  in  ap i  t u ’ m n - t  mg i t i c  i n - n -nc u n - c  l ice
n-- in - f l t e n t m i  n- n - I  t he  c o n v e r t e r  by i i  r c r n - i f t  rn ,uuui n- e’tt c-re’s , c - h u e’ c n - n - c c t m m’l sy s t ems  u n - f  1.06 cm ’n ive - r t e ’rs have’ he’cun-m e’ camp l I n - I —
ted re q m u i  r u n g  a d d i t  u n - n - n - n i l  cna i f l tenane ’e .  Thus f o r  c - l ie s ,’ r e ’asoun - s mu uul  thc c  u n - p e ’ r c t  j o i n - n - m I c o u s i n - l en - r u t  i t n - dt5 ,j j s cc - mss e e l
e a r l i e r  in  thin - a paper , prm ’v i s i a ’cc of oxygen r equ i r ed  f o r  ln - r i - , un h i c u g  b y a I,OX s torage  sy s tem w h i t -h i s  ret - I t m r g n - - d
fri-rn a n - u ’ u t I  m i n e r  un- fl t h ,  ~‘n u n - un - in - I i s  n u n - c -  t l n n -  method un-f choice  t n - n - i  un -n - i’ in f e u t u r e  combat a i  r em- n-i f

LA
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i; m s n -- n - n - u a s  Oxygen Sc-~u r tgt- Sys ti -nue,

Oxygen us n- - trried in i few combat iir n -- r jIc - as compressed gas. lIme’ low pressure- si n - - r I g e  s y s t i - n
(- i an-I Lb in’2) which v m s  widel y used icc US combat aircraft during and i cmucmed m ac - e l y a t t u - r  Worl d s’,mr II is cl -n-
longer emp loyed. Cert .micc IF - un - c hat aircraft emp loy t he h i gh pressure (1800 Lb id1~~~-) oxygen s t u n - r ag a system I —

v I m  ~ I n - v m s  dc- v t - l u m p e d  i n - n  W o r l d  W a r  II. The hazard to the n - mi rcraft and its occupants f rom a burst s t i u r i g u -
c y l i n d e r  is m i n i m i s e d  b y emp luuv u ng w u c n -- would steel cy linders. TIme disadvantage of t h i s  type of system is
the need for l m r g e - and heavy mn - xygen chun -rging facilities o p e r n - m t i n n g  n - m t  3 , 600 L b in 2 and c-lie relativel y hn - i ghl
in still e d ui-t i ght n - ut the sy s t e ’nmu (some 2,0 to 2.5 times that i - I  a I LIN converter staring the same quantity of
oxygen). Recentl y, intere st in c-hu e use n -- I oxygen storage vessels charged c - ut 5 ,000 Lb in 2 huas arisen icc t h e
liE. In i t i a l  vulne rability tests n - u t  i v m i l a b l e ’  s p h e r i c a l  y e a s t -is have suggested c-hat such a storage system
can be regarded .as s a f e ’ . The i n s t a l l e d  wei gh t  of a 5,000 Lb in 2 sto rage system is similar to t h at of a
LOX converter system storing a s i m i l a r  q u a n t i t y  of oxygen. Althoug h this approach may be of value in
specia l u-ir c u rnstances , eg Sm-n - u H a r r i e r s  o p e r a t i n g  f r o m  u u Tli roug hi Deck C a r r i e r s ” , it has c-hue great disadvantage
that the ai r cr ai t s t n - u r c -  requires recharg ing and c-hat a source of oxygen at very hig h pressure is required
for this purpose on c-hue g m - c - nh -I -

B. ON BOARD GENERATION OF OXY G EN

General

The most attractive method of obtaining the oxygen required for the aircrew of a combat aircraft in
f l i ght is to manufacture the gas on board the aircraft. Generation of the oxygen required on board the air-
craft eliminates the logistic and operational turn round problems associated wit !c the use of storage systems
which have to be rep lenished whilst the aircraft is on the ground. The last 10 years has seen c-he design ,
development and test of several different methods of onboard generation of oxygecc . Much of this work has
been c a r r i e d  out in the United States for the US Navy and Air Force . The experience gained of the relative
merits of various proposed sys tems  is now such c-nat i t  is poss ib le  to decide which system should be used in
future combat aircraft.

rhe main features of the five methods of onboard generation of oxygen which h ave beem c proposed and
developed primaril y in the United States are summarised below. The desi gn requirement set for most of these -~~~
systems was the production of 100% oxygen at a maximum f l o w  of 26 I(NTP) per mm at ground level so c-hat c-he
generating system could be used to supply oxygen to a two—macc crew through conventional diluter demand oxygen
regulators. The pressure at which the oxygen was produced to the generating system was to be high (900—1800
Lb in ’2) and where necessary the system was to include a compressor to produce this pressure. The generating
system was also to include an accumulator which would store about 300 ((NTP) of oxygen.

(i) Water electrol ysis system. NASA Ames sponsored the development of a water electrol ys is system
for the generation of oxygen in fli ght. The electrical power requirements of this system are , however ,
relativel y very hi gh. Furthermore , this system requires replenishing on the ground with water of a
very high standard of chemical purity if the output of the cells is not to deteriorate. Development of
this system has b- en abandoned in the US.

(ii) Barium oxide/dioxide system. Barium oxide when heated to 540°C will react with molecular oxygen
to form barium dioxide. If the temperature of the barium dioxide is raised to 900°C it breaks down
giving off molecular oxygen (equation 1).

540°c
2 BaO + 02 •~~~~~~~~ 2 Ba 0

2 
. (equation 1)

900°C

The Brin process is a development of this reaction employ ing a specially prepared barium oxide/dioxide u
mix tu re .  The compound is held at a constant temperature of 760°C when it will extract oxygen from air
at raised pressure and release the oxygen when the pressure is reduced. With an appropriate preparation
of the compound this process can be repeated in a cyclic manner with no loss of absorptive capacity . - -

The onboard generation system consists of two parallel beds of heated barium oxide/dioxide which are
a l t e rna t e ly  pressurised wi th  eng ine bleed a i r  at 70 Lb in’2 gauge. Oxygen is extracted from each bed
in turn by a compressor which reduces the pressure in the bed to 2.0 Lb in 2 absol ute , raises the pres-
sure of the oxygen to 1800 Lb in~

2 and feeds it to a reservoir. In order to maintain the efficiency of
the barium oxide/dioxide beds the air fed to them must be free of carbon dioxide , water vapour and oil.
Appropriate molecular sieves and filters are fitted upstream of the beds. Electrical power is required
to produce and maintain the hi gh temperature in the beds and to operate the oxygen compressor and valve
sequencing equipment. The major characteristics of a typ ical barium oxide/dioxide onboard oxygen
generator are given in Table 1. Development of this system was carried out by The Bendix Corporation.
The complexity of the system , its high power consumption and need for frequent maintenance has led to
the abandonment of this approach.

(iii) Electrocheccu ical  Concent ra tor .  This  opera tes  on an ion exchange p r i n c i p l e .  Oxygen is “pump ed”
electrochemica lly using electrical power from an air stream through a sulphonated solid polymer elec-
trolyte. Oxygen molecules from the air are combined at the cathode with hydrogen ions contained in the
electrolyte to form water molecules (equation 2).

02 + 4H~ + 4e -
~ 2 H2O . (equation 2)

The water m e n - l e c u l m u s  mi  g r . m l  t t t m a m m g i m c - lu , ’  c’ I , n - i  rn - ’ l y n c  I i -  cIt , an,- n- I, - whit -re lIn u r I r e  c- - l u -c l r l y s c n - I  (equin -ution 3),
the oxygen being evolved ,ms a pure gas and the h y drogen ions r e t u r n i n g  to the e l e c t r o l y t e .

2H20 ‘ 4H
4 

+ 1.e ÷ 
~2 

• (equation ~
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l ,mb le  1. Summary of M a i n - -r (Im,ar ,m cter i st i n - i n - u  I Typi c m l  O c c bn - , .m rd  Oxyge m u Gemie - r i t  ing Syst ems

- ‘ El e- u t rom e ’c t l an n -  n- - n- a l  - Mo t n - - m n - I  i nB a r i u m  Oxide  —— -  _______

~

- - ~~
— Fluom iuueC u uui c e n t r , m t n - r  i n - i n - - V a-

Oxygen p roduc t ion  26 21u 26 26

(u (NTP)min 1)

Oxygen storage 2 2 n -I 2 h n - )  320 2-4
(Z(NTP))

Weight (kg) 43 37 52 1-n-

Volume (t) 70 80 81,) -a ll

Air supp ly

P r e s s u r e  (Lb i n )  85 2 5 —1 -h ) 25—80 120

Temperature (°C) 40 40—200 2—25 5’40

Flow (t (NTP)min
1
) 260 600 260 190

Coolant fluid

Temperature (°C) 25 25”SO

Flow (lb hr ’) NONE 1300 800 Nm)NE

-lHeat load (BTU,hr ) 28 ,000 13 ,000

Heating air

Tempet ~tu r e (°C) 200
NONE NONE NONE

Flow (‘(NTP)min ) 0—2000 
- —

Electrical power

AC (400 Hz) (kW) 3.3 6.4 1,0 —

DC (28V) (kW) - - 0.1 0.1

Although there is no nett consumption of water the efficiency of the solid pol ymer electrolyte cells
is greatest when both the air and oxygen sides of the membrane are saturated with water. A typical
electrochemica l cell stack consists of one hundred 10 inch diameter cells , Eng ine bleed air itt heated
and is passed through the stack. The concentrator is capable of generating oxygen at high pressure and
a typ ical maximum oxygen operating pressure is 400 Lb in’2. Water is recovered from the oxygen by
cooling the gas in a heat exchanger fed by the aircraft coolant system. The oxygen then passes into
an accumulator. The rate of production of oxygen by the concentrator is controlled by switching the
electrical power to the cell stack . During start up of the system, c - ’ l u c t r i n - n - u l  t n - t I t e r s  raise the tern—
perature of the bleed air entering the stack to about 100°C. A full y developed electrochemi cal con-
centrator was developed by the General Electric Company for the United States Navy . Its major
characteristics are sunmiarised in Table I. The system has recentl y been evaluated by NADC when its
performance was found to be unsatisfactory. Further development , test and evaluation of this form of
onboard generation system has been discontinued.

(iv) Fluomine system. This system emp loys the reversible reaction of oxygen with the cobalt chelate ,
fl uomine. This substance forms a coordination comp lex with molecular oxygen .  Eng ine b l eed a i r  at  a - -

pressure of 25 Lb in~
2 is passed through a bed of fluoc-nine and oxygen is taken up by c- Ice fluomine .

Af ter a predetermined t ime the bleed air is turned off , the fluomine bed is heated to about 110°C by
directing hot coolant and hot air through the fins with which the fluomine is in intimate contact , and
the pressure in the bed reduced to about 7 Lb in”2 . The initial volume of air from the bed is dis-
carded and then the oxygen liberated from the fluomine by heating and reduction of pressure is draw-n
into a compressor which raises the pressure of the oxygen to 120 Lb in ”2 for supp l y di rectly to the
demand regulator and to 1300 Lb in~~ for storage in a reservoir. The system emp loys two beds of fluo—
mine arranged in paral le l  so that whilst  one is in the absorption phase the other is in the desorption
phase. A control system switches automatically the bled air inflow and outflow , the connection t o  the
inlet to the compressor and the flow of heating and cooling fluids through the fins of the flucmmine beds
from one bed to another. The major  c h a r a c t e r i s t i c s  of this fluomine system are summarised in Table I.
Considerable difficulty has been experienced in manufacturing fluomine which maintains its capacity fu n - u
absorbing oxygen. Indeed , recent tests by the USN and USAF of the developed system produced by the Air
Research Manufacturing Company have led to the conclusion that the performance of t he’ developed fluomine
system is not ful ly satisfactory .

(v) Molecular Sieve System. The use of a molecular sieve to concentrate the oxygen present inn - air by
the selective absorption of nitrogen has been used for many years in ground ln- n-m st’d oxygen goner mc ion
p lants. Consideration of i t,s use as an onboard oxygen gu mu erat ion system war delayed by c-lie inability
of the systems orig inally proposed to produce 100% oxygen. Recentl y, howev er , molecular sieve ’ systems
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~1’sc -m it ut -h e I n - - u  n- is,- ucn - l t g h t  n - . v i n - h i  d c l  i s n - n -  I S  - m n - v y g u - I n -  hi iv e - t n - t i l l  i l e v n - l n - u l u e i j , l t i n - ’ n - i m -  syst m i s t -  NA p u u l n - - i u l a r  -
l e n - C C  l a  ~ e n - n -  i t t - , n-.n-- h m i c h i  i c  _m n - u  v — t a l l  m m c c’ ,m l  u n m i u m u m s  i i  m n - i t t  ee u n n -i uuuund) L i u  . m n - i s n - - r I n -  m i t  n - u  I rn -tm I n - u-  a i r .  1 I n - n -

mcsulm - n--ul n - r a i a -s- n- - n- in - , huig hm lv unit n - n - n i l  - - ~~ n- a with dime -na b u s  i cc the- mo l e- c c-i l mn r acc g t - . I t - , - i3i uime’ m n s i u n s  n- u I c - t m , -
pores n-n- f  -n-\ m , n - l e’ n- - u l i u s u m - y e ’  a r , - -, n - m n -- hm c - I n - - u t  c - t i m - v  s e l e c t  mv , -t u an- l u i n - u r  lu c l i  t i n - u n- n - ui t ram air sn - n - t h a t  i n n - u x v g e - n n —

ad  g - - c u r u n - I l  m i s t -m i t - rem ,micm s . lii, - r e - i  n- u t i n e n - i  nitu l n - -cu l n --s n-ir a li t -Id b y V,m rn- d n - - r  le t - m i  a I n - u r n -  u -s  amid n - a n  t n - u -  r i - I n - - i a n -- n - I
ram c-lie’ S I e v e - I v  re - n - h- in -- c - u n- cl m u l  p m - - -, s u m  acid a i i - n - n- - n - -I te-mp e’raturn- - . I h c -n- ccco l u-i-u l ur s m m v i -  n - n - a v g - i n -  l ’ u - n m n - - r a —

t i mi g S V - , t c’llt e’c m d h n - h i u y u ~ It.  u i m u I  1,-I beds 01 NA m o l u - u  u mI ,m r s i t-vu - th roug h whi m - N ecig i l u,- b la -e- d air I t  a pr m - s~~u ml u -

n-e u Lb in 2 is lh,I 5en-t i l te ’mnm at ely. u\s h u n - - a i r  f l a w s  t h r oug h  c - l i en-’ be d (wlmich c o n t . m h n s  5 kg n - - I  molecular
si ev e ’ icc t h e  2 u n - I n - n e s v s  c - c - c u )  c - l i e  c m i  c- m g i - mu is pass ivel y re-moved Ca t h t a c -  m I m e  gas I m - m , - i  ng  t I n - n -- bed c n - m n s  isc -s $ -

n- ’ I - uu xv ge-nh amid 5Z n - m r g n - u n m  - A t  c - u - i ad ,uppr n -u )ur u ate’ time c I mn- - air flow is swi  c - c h i n - -n-I i - I f  mild tlcau pr e ’ssure  j u n
c-hue b~’d us r e - n - I n - n - n -  u n - I  b y Vt - m n c -  m n - n -n- l it c - n - u a i n b i u - : n - t  so i N n - u t  iNn - - c m i  t r n - n - g l ’ h n  h u e - I d  icc t I m e - mo l u - n - - n - m l a r  S i e ve I S  desa rbed .
Thi s n-Ie -sn -u rpt ian -n ; - rn - - n - e - s s  u s  m m  n - lu -i l  by passing a t m u t t i n - - n  n - - I  c -he oxyg e cc /n -i rgn -u nm m i x c - m m r - b e i n g  produced  b y l i i .-
u t h me -r be- n- h t h rou gh c - l ie  n - h es n -u rp t i on  b n --d  . lIm e n-ixygedi /argan mixture f l a w i u n g  I un -- cm c - tue beds pn-i s~iu-s ito n - n - a I
n - n - a p n -u c i  c - \  p l e c c u m chamber  and ih~- uun - ,- t n - u  c- lie ’ denuan~J regulator. T Ime ’ lln n- IJn-ur ch iar,i -i em 151 ics of c-lit- molecular
S i e V e ’ system ire- smutmucarised in  T a b l i - I .  I I c - he  p r e s su re  n - mt  w l m m u h i  air is d e l i v e r e d  I n- - i N n -  mol t - co I n -mr a l a - v t -
i - i  t n - n - u low or I me fI n -u n - ,’ n- - I  gas  demand f rn-tu e c-he v s  L uuu is c - _ u _ u  lm i g hc c - t i n - n -mi tIme removal n - u I n it riuge n - u c by c- Itt
n-c , i l e - n- - u i l , u r  -- m e -y e ,is t I m e  a i r  i - -v s th roug h the bed is n - - - n--o u u l l u l - l  in- - T l mu s  a t  low i n l e t  p r e - s su m r e s  and hi gh
dc-mann -led 1 l u ut.’, t h is sy s t e m  vi i’ lds axvge’n—argan d i l h u t e ’d w i t h  nit i n -- g u- I n . ln m d ’ - u - d , in  c - l i e e a r l y s y s t e ms  - -

d e v e l o pe d  1 - u i  a i r b o r n e  m I s t  c - hue -  d e l i v e r e d  gas c o n t a i n e d  o n l y  50 Ia  70% oxygen at groucid l u - v u - I , a l t h o u g h
this e n - n - f l u- c l  c - r n - m t u n - umm i nc  r c a - n - u - i t  w i t h  n - m n - i c c d u i to a l t  j t u n - I e - However , improvements icc t h e  dc - - s i gn of t I m e  b eds
and n- - i n - Inn-: c-; in  c - t ie  u -v h e  c - lIli e s have resu lued in systems which i t  l aw and m od c- ’r ,mc -n -- demands (2O—261(ATI’)
muln ~~~) v i e - I d  u i - ’ n-n-5y n-leln n - m d  5 ’ i r g u u l m , whe n c-lie - i n l e t  p re - s su r cn -- to I u c n - I  i s  above - 50 Lb in ”2 ( 1 2 ) .  TIm e 5% of
a r g o n h  n - . o i e h  15 In-re-st-lit 1mm c- l ie  g n - ms  del ine r t - n-I by tIme system is considered very unlike ly n - u increase the
risk n - u i decompression sickness ami s iig on exposurm- to hi gh altitude. M u u lec u l ar si n -n -v n -- omiboard oxygen
g e l l u c I t  i n - m n  s vs  c-edna h in- iv e  t he  pii.- mt n- id s- ,mun -c -ag e’s n- n i l  c-hey  arc - -  m e l  a t  i v e l y s i m p le , t h e y  arc high ly reliab le

and h ave a vt-m y law p n- - w n - r comcsump t ion. Ulne n- d i c a d v a n t a g n --s a! the  g n - nm c- rac-ors developed so far Ire: t h a t
they r e u l u i l m u - a su p p l y of a i r  n - u t  a pressure g ri n -n - item c-han 40—50 Lb in ~~ i f  the oxygen produced is not to
be’ t i l u c - e d  y i t t m  n i t r o g e n ;  t n - L I t  n i t r o g e n  w i l l  be p r e s e n t  in  c-h e gas d e l i v e r e d  b~- t i m e  s y s t e m  if  excess
f l ows n - i  u - n - i e n u m n m n - lt - n - l f r o sm  it; and th at c-he - pressure- at which gas is delivered by tlne sysi u - u n  i s  always less

t lua c s  nj  Lb i u t .! an md t h a t  t h i s  v a r i e s  d i r t - n- - c -  l y wm tIn th i .- pr e ss lmr n -- at whic h gas is d e l i v e r e d  t - - i t ( b e l o w
the cm l Lb inr- pressure- emp loye d in thi n -- mole cular si  e v e  b e d s ) .  Th us u - i t he r  a compress u r  i s  r e q u i r e d  to
rn - c isc t h e  pressure of the  oxygen  tn - u an ac cc -’p c - n -m bl c - ’ level n - n -r a demand valve operating at a low u cla-c - pres—
5 1 1 m m - mu st  be mused. The si t i s f a c t u n - m y  pc’rf orma ccn --e amid r e l i a b i l i t y  of m o l e c u l a r  s l e v u  ar i board  gt u n mu -m ac - ion
sy s t e m s  ( u n m , m m m n - m f a c c - u r e - d  p r i m a r i l y b y The Be’mc d ix  C o r p o r a t i o n )  has b een d e m o n s t r m t n - d b y c x t u - n s i v e  l a b o r a to r y
t 1 2 . 17)  and f l i ght  t r i a l s  ( 15) . -1

C h i n - i c e  ou Onboard Oxygecu Gun - n en - r i t  m n - -nc S y s t e m

The s imp le - st and most ru-liable i n - m i t  of onbon-ird oxygen g e n e r a t i n g  system under development is believed tn--
be t he m o l e c u l a r  s i n - n - y e .  Th i s  sy s t e m  ,ml so  h - us t h e -  a d v a n t a g e s  t h a t  i t  requires a minimum of electrical power

and no s n - i a l  c o o l i ng  n-ur h e a t i c c g  and is r e l a c - i v u- l y l i gh t  an d compac t  ( T a b l e  1 ) .  The form of bre,mthing gas

re-g u l .m ti t n -n system proposed in c - In - is papet w i l l  overcam e in p a r t  c-hi d i s a d v a n t a g e s  t h a t  c- Ice m o l e c u l a r  s ieve
w i l l . imnde’r certain condi tions , deliver gas containing some nitrogen and the- adverse effect of I n -n-v inlet pres—
sn- Ire- s on c-he performance n-- f c-he sieve . c -hu n - molecular si c -n-ye system is considered to be c-he system n - f  choice
i n - ’r use in an Advanced Oxygen System for future combat ui rcrn - m fc - . The reduction of performance of c-tie nuolecular
sieve - a t  ve ry low pressures makes it highly desirable that at leas t for certain parc -s of c-he flig ht env elope
the  p r e s s u r e -  at wh ich air is deliv, -r m - n-I c-a the sieve is raised by a special—to—task compressor. Th is compressor
‘vi v h e  l e n - u I  n - Ii r ecc - Iv with e-ngine bleed air or with atm from the pressure cabin. Thin -- a d d i t i o n  of t I n - i s  compressor ,
which should probabl y be driven by n-icc e l u ’ c t r i c  motor , w i l l  also provide c-lie compressed air r e q u i r e d  fo r  c-he
pressure  p r e m i x  u n i t ,  I t  w i l l  in a d d i t i o n  permi t c-he oxygen system to be used on c- lie groc-und when the aircraft
e-uln - t in e is not running by the use of external electrical supp lie s.

51- I I )N DA R Y (EMERGENCY ) O X Y G E N  SUPPLY

A u , n - u n d , n - r y  s u pp ly  of o x y g e n  i s  r e q u i r e d  as a source of breathing gas in the event of a failure of
r u - u n - t i n e  (main) supp l y and in tIme event of escape at hi gh altitude. In present combat aircraft the secondary
oxygen supply is stared ms gas at hi gh pressure (1800 Lb in~~-). Over the last 10 years or so the use of
sodium chlorate -/iran candles (“solid oxygemu ”) h as been considered as a secondary source c-n- f oxygen in combat
aircraft. Althoug h the log istics and maintenance aspects of chlorate candles are very attractive a comp lex
In - -mm (consisting of m series of small discru -te units) is requ ired to permit the supp l y to be tu rned off before
it is e’xhn -cusc -ed and c - n - - supp ly .m fluctuating f low of oxygen as occurs with a demand regulating system. It is
concluded c-hat c-he secondary (emergency) supp l y in an Advanced Oxygen System should be held as oxygen gas at
l800 Lb in”2 . The prc--ssure of the n-cxygen in c-he store (ie contents) should be presented at a site wh ere it
ca n be seen in f l i g l n t  b y the u s e r .  11w p r e f e r e n t i a l  use of the  main  oxygen source  wh en the  secondary  source
is turned on can be ensu i red  b y r e d u c i n g  c-he p r e s s u r e  at w h i c h  the  secondary  oxygen i s  s u p p l i e d  to  t h e  regu la -
ting package , t n - n -  a value significantl y less c - h an that at wh ich c-he mai d supp l y i s de l ive red , eg m a i n  supp l y
at 70— 85 Lb in’2 , and secocu dary supp ly at 5— 50 Lb in ”2. The secondary source should h ave ,m c a p a c i t y  of
70—10 0 ‘( N T ? ) .

RECU LAT INC PACKAGE

General

The flow of gas from c-he oxygen supp l y and admixturu- with air j n - m e  n - n -u l h h i n - n - l l t - n-I b y -t r u ’g im l m t i u u g  p n - n - i k a g m- , t h e

en-ut let of which is connected by flexible - hose to t t u n - -  i n l e t  po r t  of c-he airm -rew oronasal mask (or aircrew NBC
resp irator) (figure 4). The wide experience of the Royal A ir Force with respect tn - u various sic-es for mounting
demand regulators has led c - u n - the conclusim ,n that in u n - n - m n l b n - h t  .m ur cr ,i ft the regulating package’ should 1-n-i- mounted -

on c- he structure of c-he ejection seat. The men-st suitable- site is c-he side n-n - f  c-he sc-- li  pan where it is easy to
h u n - c i t e’ controls and inlet and outlet p ipes and - o n n e m - t n - n - r s  can be r n- - u m t u ’n - I b e tween  c -l i , ’ s ide  of the- seat mind c-hue
side console of the cockp it. The regulating p . m n -- k . m g u  and the m a n - j u n- n- - iated connectn -n - r s  f u r  inlet and out lt ’c- hoses
should be mounted on a single easily detachable p I.l t u- sn- u c - h - m t t h e  package  and connen - - c - or c-m it can be removed 

- n -
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I rn - u1 n - amud ren -pl m u - ,- n- I n - - n m l I m e  su  I I  i n - -  .1 s i m ug l e ’ m i l m i t  - 
- F i n - , -  st-~-~ un - m u I t m ~ n - u 5\ g m - m m  n - u U p~~l V  s h m o u l n - t  n - a l s o  I a n - n - u  u - ut m en t i n - n - -

c l e e  c - in - n c  s i - _ i c - .  I t  is m m m l , -  t ,- n- I i n - u  c- li,- r c’ g u l n - i h  i m i y  p a i k i j u u -  I-v .m f I , - n - n - u b h e  1 m m -n - , ,- and ,a u j m a m n -  i c - i  i - m cn - m -  l o c k i u n - 1 -
, i m i I l e t’I n - r  .

l7hmpl m e a t  i u 5 m  n - i c  n- c n u n - l an -I n - u  gi n - I a m  u n - m s

tn view oh the- u sS, - u u h  i n - i l  su r u , i u m  l i — C m - l e d  b y n -n - n - - :- ye n - s- , c i  u - n - n - -  n- m id t I n e  conup le- x i I V n - n - l a u l u - m u : . u u u u r e g ul m I n - u i
n - n - t n - i n --b ,  i n - ,  r e- q u i m e - n-h c - n -  l u l u ~

-n- - m i c all t Im e I a n -  l I t t l e - s  d i e - n- - n - n - C ~~ l u i  u - m m - I l u i  j u l  c - b it s pape r l I m e -  re- n - u n - u n - s i  be an a l i t - r u n - m i  n - v n - -
r c-g m u l m i i n g  c - v s t u m u : v h i i n - - h m  n- i l l  u t - u s n - - n - t i n  t h i n -’ u n - e m i l  i t  l a m  i n - i n - u i  i t l t n - u , I i l I  (primary) r u g u i l t i n - u r .  Since ’ a con—
t id lu ous  I low s l m u n - I t u v  ( i e c n - u i ! i i v )  n - , v s t u m m n -  i s  w i s h - I n - i l  n - u u  u u x v i - t - u n -  a n n u l  t i m e  m e - c c - i o n  whn - ichc i t  p r n - - v t d e - s  . t g . i i n s t
h y p ox i a  n - s  s n - n - c - d a m n - n - t i m - h  i t  i s  n- - n- u nn - l ud t- d m l i i i  c- him ’ a l t u - n n - u - n - t  l u  n - , - g u l a l  id l g  s v n - n - t u ’n - n - ( s t a n d b y u - i  s e m n - c - u n d a r v  r~ - m - n - m I . n - m - i n -
s h o u l d  cons i s t  n- ct .m n - n i l n - I c - - c l _ i n n - n - I  r c -’ g u l n - i I  u i  - The i n - m s  su 1n - 1u  i v  ( r u - u n - I  m u l e ’  ( C u m i n )  ad iu l v u - n- - n- n- n - n - u i i i v )  t n - u c-he ’ demand
r e - g u l i c- u r s  wn-u n - i l d  pass c - t n - u  u c - n - g! n -  n -i m i - u n - n - u l v  - i u m m t c n - 1  n - n - i 1, e t n - ur v m h  n- - t w i n - m e -h -. w n -  t n -- t i m -s  the su pp l y I e i t h e r  c - mn - , -
sin-m imi in - i c - hue s t an d b y  me -g n - i I i t -c c - I  i y n - n - r u. 4 )  . lime . . n-n- u t  1, - t n - ’  n - u i  t h e  - vu  r m g u i n - m n - u n - i s  v u - - n - I d  p ass i n c - c - n  a ca sh— ar m chamber
and t h e - m i t e -  b y v _ my f -i co num e-  I n - - u  I - c - hue ’  host ’ c - n - u t I m e -  n - u u . m ’ e k  -

l ) i l u t i o n  of Oxygen  w i t h  n - \ i r

In orde r I - - . i n -  l I l e n  l l u um\  e t  t i n - n -  un - i c’ n - uI  n- u x v g a - m ’- I e n - I l i u m I rom u OX s t n - r t -  n - n - i  f r o m  ~m m o 1 m - n - -~m i - m r  a l e n - c
- u m l u n - n - i m . i n - m xy g en p e n e r u t  i 1 the gas n i - i n - n  c - l i t -  r o u t  j un - c - ’ cxv gi -un - su pp ly sy s t e m  is di lu t c - - d  w i c - i n  a i r  in thi n-- r n - - I n - u i  a—

i n m g  p an -- k u g e - .

In cu r r e n t  pressure demacud 1 e . u i m l  rs c-he - n - s n- - n- n - n - . n -m ft ,- r n - I s - n -  t i n g  through t h e  demand c - n - tic - -i - , is diluted -
u

- n-.- i  thu air by er,-a t  inn g a n - l e t - d e s - i n - u n  downsc- r i - _ i nn - i n-u i  c -hue - n-h ,- m n - u .m n - in - I v m l v e - luy mean s n- n - I an inj e’ ctn -n -r mechani sm , This
n-Ic- t h i n -n- n- I - ‘n- d i l u t i m u g u x y g e - un v - i c - l u  . u m r  m a  u n s . m c - m s l i  I r v  S u h i C e  c - I m u - n - I n -n- 1n - i n - - n- - i - f  d i l u t i o n  v n - m m u u s  w i t h  th e- flow n - I

gas th rough the i e y u i u n - - i  antI from one- r e g u l i t n - u r c - u n- - m u n - I t n - u  r .  E m i r t h i e - u m n - n - r e- , an i nj e - c t n - u: w i l l  in n - - I dilute the-
oxygen when the’ gas n- te l t v e - m - ,- p r e  S n - i n - m m - is raised c- . provide 1 mn - - s smumu b r e a t h ing .  Thus , the  conven t iona l  imn j ee—
tor di l u t  in - n - , u n - u t n a n c  ism n- - m i n i - n - - c -  be - n - s i - n-I to  - i  -vi n - i , -  t u u e  e n-n - u n - n - en- u m n - n t  n - ui of the c o n c e n t r a t i o n  of  n- n -xv gc - n -n - u in c-he
i n s p i red  g u s  m e n - ,  s s ar y  c - n - n - g ive -  t h e  best en -  n- u nn -n- ln-n-v oh  t I n e  u se  n- -I t me aircraf t oxygen  s u p p l y .  In- in - i  t t n c -- r ~ n -l u r e  , i t

n- i n - m m m n -n -t be used t n-  p r - n - v  in -he d i lot in - n - tm dur i c l g  p i e - e cure bremt h m mn - u p on i-v t- n --sure - to -c-C ,

The most s ati s l - a n -  I n - e -- - - i n -l.ui n im c g the des ired cl ose control of d i l u t i o n  of oxygen w i t h  a i r , bo t h
w i t h  cabin , m l c - m t n - n - - I e  and during pre ’-~n-. n - l e  b i e i i b u i cig at l v  a ic - i c - ode is to m i x  oxygen and air in the desired
pr -n-p c-n -nc - ions at hig h r e - s ’~ n - n - ic u j n - .tr,n - cm~ of 1 1 m m -  demand v u l v e  n- - I  t h e  r e g u l a t o r  ( f i gure ii). This techni que of
pressure premi x w h i c h  w i n -  p c - -p - - c - c - I in-v i -xI n- ur g hn - in i uiSn-I is r e l a t i v e l y simple and several prototype systems
have a l  i c i l y be -ecu bn -u i i n -  - Th~’ ‘n- si n - g i n- I t i _ c  I m u g h p r t - s - ~m i ie ‘ n- vn - u -u and m u i r  is o n - u t  m e l  led in r e l a t i o n  t n - u c a b i n

m l t i c - u d e -  to be an - n -  d u c t -  iv 1u n- u. n - su b l , .  1 I t u -  i l u t i o n  m e n - i n - n - n - m n - n - I c - n -n- m a i n t a i n  an i n s p i r ed  ~i r ac he a 1 ) F 0 ,  n- -f
l . i 2 ” i3 0  n-mn lt g n - t cabin alt it n - n - _ It - - up  n - n - n - a b o u t  :2 ,500 I~ - m t  . n-\tu n- n - Vn -’ t h i s  i i i  itude the premix unit p i u u~~n - n - I n - - s  lO0~
n - ux vpt’ll - T h e - n-In - p m e n - - u - ’  d i  l u c -  un - n - I n ii a p i c - u -n - n - c a b i n  n - i l  c - i  c -ud e  is i n d e p e n d e n t  of c- Ice f l o w  of gas t }l ru n- n - n - pi n - t Ine pies
sure p i n - - m n - n - m a  unit. l-,he-n re-up n- n - m n -- n- • 100 ’ n- - u c - v g e -ic can-c be sel eu -c - eul in f I i ghu c- by t u r n i ng n-n -ff c -h e  supp l y n--I air c- n -n-
t i l e  pi n --m i s unit, The- premix unit is de n- S I  gnu - n-I so that in t I m e  event of a c e s s a t i o n  of tIne n- n -x v g i - mn supp ly i t
f a i l s  c - n -  pass any g u s  t h u s  e’n sn -mr ing tha t  n - t n - u  user is v e r n e - n - I  n - u I  t pu n - t e n t  j a i l ’, h y p o x i c  s i t u a t  i n - n -I n ,  The use of
l u r e ’s s - n - r e  premix al i n - u%,-n - n - -n- t m p l i f  u , - a i  j o n  u t  c-he main amid u n - uu n - h; mrv reg mm l a t n -n - i s wh ic h c  no longer  have  t n -  i l m n - n -n - r p o i n- ’ u a -

an iuu n- - n- - t n - i  me’c h m i n i s u n - n -. Th e- v o l - n - u - n - u - n - i  c -t ie p i pe -work l u e l W e e n n  t he  m i x i n g  po id it  in c-hue pr essmmm e premix u n i t  and
the- regu ler n -n - m package- -n - c - I  be kept in -n-v icc  n- n -r n - i n--i tn - - ensure the delivery of ln - n - m i ’- n- n -x vin - u - -c i m m e d i a t e l y i t  is
requ i ri.-n - h , eg on a rap i n- i  d en -- n-n -Iipre-ss iom c - hm mn - I en -- n-I , it is cons idern - n - I that the pressure premix ui-it sh ould be

~ u u u i u n t e - n-I alongs i I u , if not mounted in , the regulator p a n - k t g e .

i n n - t n --i  c e - r t . m  in  u p e i mt i n g  n - n - n - l i l t  i ons  tin - u mn --it - n- - mu a m  s i e v e  onho ard  n - n - n - n - v e t-m n - g e n e r a t  ins sy s t e m  may de l  ic--er yn-is
wbu i ch contains a rn -- p r  t~~Ofl n- n- I n i l  i y e n - n -  - The r n - n - 1 - n- n- m - I  i n -n - in i n g  of c- Nc  f I n -n-v n-n - f gas f r o m  c- lie mol ec tm  l a m  s i e v e  and
un - I c n - n -u n-uj n - m u s s e d  a i r  n - u  tin - u - d emand m u - n- - m i ~ ttn - i by thu In- m n - - n - n - I l - n -  unit will the n— In -n -r e be control It - n - I i i i  an n -\ n - lva~c c e - n - I
Oxygen System by a sensor which mn-I n - m i  t n - r s  c - h u t’ P 0 - in  c - b c e -  g.ls f i n - u w i n g  f r - n-rn t h i n -  i c p u l m t n -cr  ( f i gure n-a ) .  k i  t i n -  such
a se rvo control s y s t n - m u u  and n-u n m t - s i n - n - l u  c a b i n  p r P n - n - s u r u- c - r n - u n s d u e e r  i t  is p o s s i b l e  to  m a i n t a i n  t h e  d e s i r e d  P0 

- -

in the gn-ms n-he - I ivered by c-he ihemand r n - p e n- u t  n-n -m at  a i I a It  it n - i d n --s and n - n - m m _ i n -_ i  all fIn -n-v demands and to ensure t i n - a t
c - hue  s y s t e m  p r o v i d e s  n - u t  l eas t  55’ n- - an - gem ’. on n - h t n- n - u n - m 1 u r e  sc -ion n- u i t I n e - pres sure - cabin m t  h i gh al t i c - m i n - t u- . Reliable
f l u i d i c  P~~ sen so r s of the type u n - r i g i m m u l y a 

- n -posed ln-v n-n- tn - n - i n - i n -n-n- (I-i) w h i c h  g i v e  a reia tiv ,-I~ - l n - m i g n -- output mi n-
now ava iia~le. This f n - u r n n  n--f  P0 n -  sensor  h . m - , already been used e x t u e r i r n t - f l t a l i Y  t o  d r i v e  a f l u i d i c al l y  controlled
premix unit. The P~j.n- c n - u im tro l s~~s te m  c o u l d  a l s o  e n s u r e  c - h a t  t h e  p remix  n-unit cea se d  tn - n - n-mn -n- v in - I n-- n-Inn -v sn-ms in the n -
e v e n - m n - c- c - h a t  t h e  P02 at the  ac-i t l e t  o f t h e  re-gul u tn - - i t e l l  below an aceu - 1n - 1 mb h e - Ic -vu -i (120 mcii lIpl . The u ser w o u l d

- - c-hen select t h e -  secondary (emergency)  o x y g e n - n  s u p p I ~~, A m a n u a l  eu n - n t r u n - l  i cc c - l ie  c o n t r o l  sy s t e m  a l l o w s  c - hue user
c-a s e - l u - I  a high concentrati on (generally 95~~l of n-u n -n - vg e n - n - .  The o u t p u t  n- n- f m m second 1 0 - n - n -i- m n - s n -cr a t c-he n- n - mit let of
the regulator operates a warning in the Cn - n - n n t i n - m i W. m rm n lung System in the mn -v e in -i i l iac -  t I l t - n- 

i n - i - n-n -f c-Ice  gas d e l i  c-- n-- m e n - I
by th e regu lmr n -- r fall s below n-in , m c c m ’p t n - m h n - u n -  i n - - v t ’1 (125 sun-I l Ip ( .

The only potential disadvantage of pressure premix is t h e  r e q u i r e m e n t  f o r  a s u p p l y  n - n -f  n - n -i n n - u gin - s se n - t air.
The n- n - u - a l l  flow - I  a i r  r e q l m i r e d  is however  r e l m t  ivel y sin - mn - ill (maximum of c - t u e  o rder  n-n - i  5 0 u ( A T P h i l n - m m i n - i~~~ t - A con-
siderabl y highuer flow of compressed air is requir ed tn -c s m u p p l n - n -  t I l u  m o l e c u l a r  s i e v e  (eg 2 O 0 i ( N T P ~~in - m i i m ~~ at
25 — 100 Lb in ’~~). Thu s c-hue n- n - n - m p m e s s i n -r w h i c h  i t  is  pr1up ose d  shoc -u ld  he - f i t t e d  to s u p p ly  air t n - n- t h e  mu n -n -l e cui ,ur
sieve onboard OiiVt -cll gene -rn -ic -ion sy slenmn - under  en -ticdi t ions in  w h i c h  c - l ie  p r e s s u r e  at whi ch air n- s del ive r c-d frn -’imu
the aircraft engine is to,- low n - n -i th e eng ine is not n-n- p e r at i c c g  can a l so  supp l y u ir ti n- the premix unit , If

u ums , I n - r m t  m u - I n s  un-f c-lie - vu - - n - n- I n - I size and power n - n - f  I he e n - n - m p r o s s n -n - r  a l l o w , c- lien i t  is h i gh l y  des irable iliac - it
deliver s - m i r  at ‘, In-—60 Lb l u  to c-hue molecul ar si e v e ’ n-inn -I the premix uni t . It would , Iu n - n - t . u n - v e - i. he’ pn -n -ssible c - n -u

emp loy  a comp ressor  wh ich provides air at n- i I n - n - v t - i  ; u m e u n - s n - m m u  eg 25 Lb m n - - - T h i s  w o u l d , h owev e r , e’ru tail t h e
m a c n - n - f  deman d m u - g u i t I n - u r s  whui chn - operated el iu - - - t  i’.n-e lv at  m i - - I  pressu res of the aide -i of 1 5 — 2 0  Lb i n ~~” .

Demand Regulators

The demand regui m t  m u ms in c-hu e re gu u lmti n - r pal - km i ’ e. will control c-hue’ f i n - m e  tn-f  the n-n - Sc- n - gu l l — m i  i u n - t i x t u r e  1 m m -n i t Ile
premix unit and n-n - I 100” n - u xv p c - m n  from c- hue - se - e n - n - mn - n - In - i  my (en-ic e- c ge lucy ) smlpp b y  t o  c-ice hose to the  oronas al mask ( n -n -m l i i  —

crew NBC resp irato r).

—‘n-- -—-— — - n-n- —— ——-n--n- — —-----  —n--—-” - ———U-
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V i i  u n- u u n - ,  d i  I I a - u e m l c  1 i n - c  m - l I m i t  i u ’ l l n-i n - u t  t i a  I I m I m a n - ,  I e e m w u u n - u n- I i ,  m n m ,i  i i i  m m m d  I m u u u l l e v  I , 1 u l  m l  .- m , m c m v  t ‘ c i  e m s  I - - u p ’ - I
i u u  a - c - n - n - c a-mum u n - I l l u \ I u i n-n - m u m  I e u 1 n - 1 m 5 _  un-ac  a u u m m m m m u n - u u u u u n - , t h u ,  n m _ m a u l  u u - 1- u n - l _ m m u u m  % .m i t  t m _ c - i _ I a  1 - u - - m d c  . I , - u u u n t m m c c l i
-. 1 1  u - I  V h ’ u a ’ . e i l  a l I ~c I u ’ I n - i , I i I u I I a m  a im .1  I ,  n - n - n - m u m  a I u u a ’ a t  h u i n m g  ml u n - n - n - - . - in - i n- n- u i - n -  I i - , - l  n- nu n - I  u n - n - u  a - e l - -n - ma c , t i e  l u - un - ’  m c  i s - u -

m a - h i , m t  u n - u m u s  i n - u  e l m  - u -  c l u m u m  I - - a n - , I t  m e l t  i n - n -  . m a n - eO n- , u i h a ’ m i h e l t  I u u t  m u l e ’  u u c -  u e u l  u p  I t t I u , n - n - , m t u  I v ‘c a u - u n - I  u - I S  n- - m i l l i , u t

.I e m u i ’ u m m , m u  u - m l  l~- ic O n - u  m u  i i  t i t m m c l e ’n-i a t  ‘ c - u  H , i l i l m l  h u l , u I u I u l  I u - u - u  i.-I I a n - a - i t I n - c -  n - i n -  u I m d  c , ‘ I ’ ’ ’ ’ ’  m m  I i v 1 e e u s l  i I n - u i  t , u

m m m l i i - I  I m i k _ i g a  u _ u  m m  c in - i n - ,  n - u  I m c  t -n - I w i  m hi , u , m i I I — I  j I t i m u g  mm u. i shn - , ~ n - c -  , i t n - a m m a n - i  m n - u n - u  i - _ u , n - p u m  I a- ut  ~ ,e u m c a h mu a ’ a I t , ’w
t a t  n-n - - u - . t h i l a n - m i g h i  i b m ’ - i a ’ g m a l m m n - u c  I c  l u ’mai n - a t m m m a l t  j I m m i e ’ I t  m - . i u e  I _ u~ u u - i  h i s  u m . m s k  u , m l h m u e u i c  v - u - I  i m c ~n- t n - a - , .  g a l - ma-
h e t m ’ - — s c a m , — i — n - , Ii  c- - a - c , m a - u l u u u m u - I  u n - u m b i m I i ,  n - u u s u h u t n - u u i m n - , u t  a l l  _ a h l u l u u . I , -n - ,  m u - n - n - n -  ~n - I - u u m u l l u - c - u i  t u e n - I , u I n - n - i n -  h - - u .  I l u u u n - ,

I c m u m u m a t  t e a  e a a s - n -  I h e l u  t i e  n- ,, I u ’ t  g a s  v u  I Ii s a t  a l  I- ‘ i . -  m u m  a I I u u n - n -  I h i m’ m m _ m i mm i u I n - u u  I m l  u i  m m  
~

I n - e u m m m n - I  l e e , ’ I a u m u h  a l  I a I t a —

I mi — b e ’s m at e t a ’  1$ , i)(ltl I ,- , - u b’s- lIla _ ails n- I a mmm .m mmmm . a I , n - u mm I m u I . I Ii I n- i n - n - .1 I a’ I a u I u - un - I a mihmu u mm I it (u, mn- c ml a m I h u m  I h u m  I -i - u - -

n - u t i t e ’ aI l u l l  u u u n - u _ m I  I c _ i l  I y mu m l I m t n - n - u i  , , _ m t e i u u n - , 8 _ u un - u i i n - n - , u lu n - u I l u e l  - I b m , - be  g l u m - u  — i l  u I  c- u i  u - m n - n - i m a c  a u ,  m i l d  he , c m l i  i I l i a C
u u m s u u m , ’ thm, il c l i , ’ l u u u s n - u m ,  n - m i  ti m e ’ n - m n - in - ak a _ h u h  - I  I l u u  _ I u l n - u , u , m  h u n - _ i ’  m m _ i l i u m  m n - n -  n - n - u- _ i t e m  c h i m e l I e _ m m  u I  I t n - a ’ ~‘ u i V u I u 5 i I I n - e u u l

m m  1 I u m e - e~ e u i a l u m  a I I mew ,; -

L i m e ’ t i n - n - i g u m  I ( I i ,  5 1  . i m m a t h i a -  ( n - n -  a .  ‘ 1 1 1 m m n - -i m e - i - n - m I m I - c  u _ mcI  t n - i - s ,emn - i a ’w tm,ic I u s c - u  i u m l l 1 c  l a x  I m im i  c h i t  un - u n - m m uu m a - gui I _ u I - - u .

At t I l e’ S u e u u u e i e n - ; u • I t  u a ’ m i l d  u m u e v  , le  p _ m s  v u  ch c - l I e - I s -  i n -  a - - n - ~ u~ I a - I n -  ueue gr u e e i ui it t i n - u - I • l ie u w i l t u i e m i t  n-i e n - n - s i c ,  u i  i - _ m u  m m i i —
mcii c’x~n - u u n- .u~ m i- u ,  a - I l  I n , - m  m I t  i i  m m t h i — n- n- . m I n - i u y a — In - i n- n- n- u n- n- i , - ,-n - — u m ‘- n -— m u  m a e  u n- - I  i - u  i t  m u - u n .  n - n - u i - l u  n- n - n- mmm ~e l i t  u - _ mm i i ce wi e u a l u l  • l e u u w n -

i a - c - m u l l i i i  m — - u - m m - ’ m l ,  u n -ut ’ I C ’ i u . ~ . n -  I I l u - c - u  I m I i t  a ,,m in-t b u l l  I I a l  ah u i ’ I i u - _ mu u , e m m  n - n - b  t m . - m I i mi-n - n - i s  - - u - eu - mel u - m u - il hu h ph u l v
m c  , i h e l a ’ , I m u i l a - a ’ i h , a m  m n - n -  n - . ’ u m s  i~ I , i  u - n - I  m t m , i c  ( I  I _ uuuell u v I u - n - n - u i l  u i  n- u i  - ‘ l i ’ mlii  ‘u u ’y m u l ,  n - n - _ i l  u I y ‘ u  e n - n - n - m i m i - I m n - uu u - 1 n - u u u u  a l

Iu4 , u n-eIO c u - e l  • l a i n - I  ~n - m  i n - . n - i i l l  — - I a n -  ,‘ mc hu u p  _ u (  a l t  a ( un-I c’s ala n - c c- u-  Ims~ u I i li u 1, - e u  mi en - h  ia l c e x i u u u n - n - u u m  , - u n - a  ‘a - n - n - I c  I S O

- i _ - u , - l a - i a m  i u u u m n - ,  - l i m e  n - n - i l i i  a ‘ m a n - - n- n - m u m  a i c -  u t t a ’ t t h e y  c l i ”  n - _ I  . m m m n - i b u v  c e ’ 1_ n - il 1 , 1  a d lu l l S  u I’, ’ _ i , t a u 1 i i . i l  ,- m u  - n -  V a l , ’
( i ’d C a l m  i e ’u l m i i  n - a sh i n - u  . u  u a - u n - u r , u e eis , - m i l

n- ’ u n - u 1 ’ e n l n - n - _ l (  a n - I  t iaim mm~, c - a l  ‘,n-e n - ihi a eilltl I u  I I l l  a _ _ b I i n- hue ’ m - , ‘n - umumu, a u, - I I I  1 , - u  c t  u t , ,  r c - n -n - u u  I I I  a n - u s  c i a  e I l - n - u u l  a I l e mu h u a - i u b  _ -

I n - I - s e - mn - e m I l  • I .i 1 e j t l , u s n -  - l i i  , u ,a~a u i h  1 ‘In - l i eu eN s  i - me am md - i l l  I l I l l u e l l s  I l w  I i i  l u e  m a - n- c t  _ u  I egmu i _ a l t e c  n- l u ’ u m m e t  c _ h  uu n - .n -- \ -

- - l v , - i a - n - n - i -n - u i n , - t i c  I - _ n - i l i l l  ~O f l ,  W I l i  i i  I t  I n - ’  ‘‘ c - -  i l l ,  u , u  c i a a c - ’ i i t a ’  t h i n - n -  t I -  i i i l s  - , n - u l m ’ l v  wtm , - m i  I ( u ,  m m m l i i i  a g i u l  u i  um
- - .1 i m i s  u - u - u n - n - I n - I  - c , - - I u b I m u I t  f l u e -n i l  a - n -I ,h u m iu m ~e n - c  Iv.’ s l i o i a l , t  l e e  c m i  n- e 1 l e r . i u  u n - m m  w t i i -  u -a - - i  I e 1 n - u u i  m m ‘ u  m u -  m u  u n - - a .

i ’ - ’  i — l e n - n -I I , ,  i t  I i s  v - h e e l ,  t u s  l i -gu I m l  - i  a l a - l u  s -a - u n  - c  i . e  a i m  l e a -  i i i  si - I  mum o n  I i i  I - u a - h  ma ~u -k  ubia - i l u ’i  I l l _ i h i u  a ’ —
n- - I  ( lie I n - l i - n - k  V . 1  I s ,  s y u n - t e ’im m m a t h  I i t h u  cl - n - u - l i  e u I  I u - - i k a a n - e  um c li, ’ unu.,n - n - k - .. iI m I l d  u n - ’ u u m u c e  I _ - i - -  u u e i a t  a cui l v e u  j u l  u s  uihi ’iI
a i I m  I hi , ’  n - i I , i l n n  i a - p h i l  i i  - 1  _

-a
l I l a ’  c i  I n - u i  mel _ ill _ -C v u  I I I  n - u - n - n - j u a - u - c l u e I I I m j e e u I a u u u - u - I ’ ’  u a c - p m  r .m l n- -in - , . ,i t i l e  i - n  e n - - n - - l a m ,- a m m a b  c i  u n -  u , i u i  , b - n a l l  u i  m u g  , e t  I , , e  C l i

tIme’ i e i _ , i , n- _ i m u I n - I t _ I l l - I l — v  i e i n - u u l _ m u _ - i - — , _ l m u u u u  I d  i n - u f l l  u i - i l l  u I  n - n - — - u u u - i  .1 1 v i  t h i  I l u -  I b u v - . m n - I~ u n - n - n- — u I  n — g i l  l i — u n - s u m  s I’ m ‘ 1 n - n - — a n -  I i - _ am I i c c  14
mum u t m m n - n -  tc _ i l u a -r. II I a - e n - , - u _

i— _ L am , i, u n - I, u u l S  i l l  u n t i l n - i c - -  h e m — st t n -a  uu ma l l ’s m l  , a - u m n - , - u ’ I u - i l l - e m  .c I n - _ a l _ m n  . , ‘d - n - a u v i e  u ’ j e e  1 . 1 1  a ’mt i n
-

a l a ’ mu c _ im u , I  I ‘ in - mul a m  n- - i  i c t  c hu , - I y~ n - -  w h i e  n - l u  h i - n - I m m u n n - i u l  w I l e  i v  i n  cli,- tn-S i m u i K n- e n -  I n - a -  1 I Iiii a l ui a i e m m m  m , e L  i , n - I  n - i , i uu n - ic ia h I.

va l  i a . c- e l  c - i ’ms  0 h e ’ l l ,  111c c a p e s  n - I  r i-ga i l il -u n- n -  1.- l u  i - I i  I I  I I  e m u  I , ’w i m m l e l  1 u l e - . n - I I  e n - .  I n , - I t  i , t y . i m i c i ’d n- u I } i s  r
a c i  n - l i s a  i u 1 u u u n - e m u l  lca ’ t h m  j u l  I b e , - Is ami,I I l u ,  i n - n - .

t - m u a n- n - n - u - i v  b , ’l u c  r a c l

l l u a ’ n - i i m 1 a 1 e t  m i - n - n - , ’ I _ un - _ v 1n -u mu n -  u I i i  c u i — h I I I  m u g  a _ i n - k in -n- ,  u n i t  th e - n- I , mmu m m u , I  r a 1n - ti l i l  - i n - ,  e.i  t h m i a m  ( t ic  n - i c k y ac a- In - - u  Ii - - -

,Imm L e l i a - n - I c  a u I  - I t  i n - n -  i l c i 1 c i e e  t _ m m i c -  , , i lm j I c - I  i l ia c -e ec - . m u n m u s n - - t b i n - n - u t ’1 I t  I N  c-~ u d I l : n - u i l  e I I n - m t  I In - a - e l s e - i - I n - i n - n - u ’ i i \ c -  I a n- 1~ u~ i l  a n-ilI l  N i i u i l u l e ’
h a h n - n - i l i  - n - u  ,I~ - r  m u  n -n ile ,- n - ’ m  n - , n - I .m n n, h I m i l l  ml, . ~a~~~u n -  I 1 1 m m — n -  t i m i d  ma il i ac ui .‘u s i m 1 n -1 al l u -  11111 I a p u i i  n - I  I n - n -  - b u n -  u - u  1, - i  i

a u I hi i n - u  m u l l u l i  r a mui, ’ I u I  aemm i a- ~u~ i , - ,-nni e - i  ~I i ’I l t ~~ u - a l i l l I n - u i  m n -  I I L  I u n - I  - I I I’ , i m  I n- ’ i i  m n - h  cli n u n -  u lu l , l ga - m m a ~~- i - u e m m t  i a n - I  I u i  is ,c mm ( I i , ’
5, u - ’ l l d _ m m c - -  1 ,111, 1 1 a - m m i - y i  - c - c - n - a l l  si, 1 e 1 n - Iv a n - h  uui , ’s n- n- , C hum i i~ n - u uI m l  u i  n - a l  u I  n- -i m a i n - n-n- u I l i a c  c l u e  n - I  d I l l  u i u i i u  u f i l l  I I ma-
-n -c u min - h u e V u n - ,e~n- 1 ll mi -S u ,  Ic ~u c  lu ,t , - l m s — ,- i e uI I ,e c h l , - - m m  m l i n - l l ’ V  r u p i m l  I I  u I  ( I  i n - n - u u i  a - - a ) ,  It a l a -  I i i i  l i s a ’ h I  I l u ,
.1 c i  5ei~e~c Iv L e  I t , , - L n - I a ’en -l i a 1 1 1 1 1  h l i  ‘i  n - l i - i  l a m  e l l n - n - l l i  u - ( I l - i t  li e u ’, n - _ c - a _ in- a l l  i n - n - n - m m 1 , 1  I i - - n- I - ‘ mm a , -  l~ - .- u  I i ’ll  i l  u n - l I t - i  n-n-~ l u e y g e ui

I l n u  n-I m r i hl e p a -m l ia - u ii p ru ’s- i n - l e a  t i m , ’ n - u n -~~ u , u s  . m a u i u u i c l  a’ ,,1n-,’r_ ic i , n- m i , w i  I I i  .u m i  a 1 1 , 1 m m _ i t  ye s o m m i  ~~u~~~u ’ I n- I c - V u _ e l I  I h ira c u m pli u Ii ,-
st m n u u l h c a  ie ’gei i e l  u n - u  . I I  c h i a ’  i i l . i l l n -  n-,-ma ~c~c I y i i i  I c m , - _ m l  1 1 1 1 1 1 —  g a S  I c  u u n - n -  u h u , - m c -  mml i i I I n - n -  mill I i t  c hin - -li c - I n - n - ,  u~~n - u l , l l n -  5
a u x y g e l l  n - n - u I 1 ’ 1 ’ I v  w m  I I  hca , i u i u i n - n - , u I _  ( Ii , h’ Ta ’ssi m rc ’ I i  w l m i u b  1 1 m m ’ n - n - i’m , n - f l u l i r V  a, c- c- n -pu- mi n- n - u i i n - I~~l y  I c - al e I m s a i  n - I I s  la’w ,’r (li_ill

t a u t  I t  w h i m Ii  t I m e ’ i u ’ I I I  i h i , ’ hu n-I ,- u n - n - e y 1 n - a li i n - n -  I l u ’i I l l _ i l l s -  ,n-a l’L’ I  i,’d .1 Ih i , ’ In - u l a d  u I a u  at , ’i t- rill i i i a ’ w h i a ’l i, n t im ’ I n - n -  i l l —  m u g  ( h i , ’
u __ a _ i _ i c C u t _ u n-, ( h l l I i r g u ’ i h V l  cl m m p ~c I V  b ,v n - l i t - n - H i - e n -  a d I I I , ’ p u m p , ’ d i s j c l  n - my c h u g  thu a ’ m , c m l  , n - i l  n- n- t m l  ( i - n - I  L ae I h i t -  a j a ’~~ l j , i f l  n - n - a - _ i l
t l i - x m l ’ I I l l s -  ~n - t  I l u -  s a n - n - I  a ’i ui m n - n -  i m i c r a ’ _ m s a ’ el Ice u e mn - u k n i p  i t  pn- n - n - s ml ’ Ii I n - u i  ( h e , ’ u n - n - u - I  , I m _ i v u u i p  u e I n - a ’i n - i l  ‘ a l  I l l , -  I n s - c  u n - I  V

- en - a n g i e  e n - I l l n - n - h  , I , -  i a n-ic i m u l  t I m , ’ s i n  ii ra ’pim h m l m e c .  P_ mu lm a ’i  C h m . m i e  m l  l a c w i l i n - n -  a l u m  e i l  a l a  i i i  i a ’li u~ i I l i  n - i n - n - i l l _ i l  ‘ i
- n - a l a - l e n -  1 , 5 , 1  chain - n - I _ l a m l I e  w i l l  h c r u n - I e _ m l n - I V  lea ’ n - n - u us m n-t m ’n-I le a m a l i m i c i h iug l I l a - ,’ n-n- ma m t n- a I i ‘- a - ’- n-ss -~n- i - m l a , ’  m m l n - u n - l  Ii ’ h l n - n -
‘i  i g u m i _ i l  ‘ u n - c - i l  m a eii l_ _ m l l hi u eii gh m I l l - n - n - i ’1d, ’i i i i a a m u  v i i i  m u l  ( m u ll u n - I t  l I i a ’ a -u ~ui - m  l a - m n -c - -  n- I x v y e l h  n - n - u q’~ c Ia - w h m i sc i n - i  II

a - m u  n - i n -n- .nm,I 1 , _ m i l l  m e l — n -  n - a - n - I  ,‘eui

I l i , -  h u i t i  h i m  u e i c -  , imu a h w i i i i  I u e~n- h a s  I . n- I i I t e n - I  l i e I I i , - a n n - n - i  a unu — n - h u u u u  1,1 i d e  I m m u l , ’ . m  p _ mi igi ’ I t ’  i m m t h i  i i i ’ 1 1 m m ’  c i
m l  wIl t eli un - in - n -  m n - n -  ,l.’I i s a - m a u l  t e a  c lu ,  i m m a ’ l c ~a , a l  i n -  c - i  a c - i  t i c I h um n - c  i -n - n - u s u u u i  m l  , a m u , l  - i  I I . e .- en - , ’n i i n - i ’ c  i i i  I l u ,  i l l _ m i m i  n- I c - c - - in- I _ l u

,ai up~a l v Ia ’ I h it ’ u m i u l  _ l a m , ’ n- u l u i  c l  , a t  (h i m n - i ’ - ’  m n - h  ‘1e , n - n - a l l ’c  u I  clii ’ d I l l  l u - I  i ’t C lu e m a i n - I l l  _ m ( n - u i  u i _ k m n - u - ui h m an - uml ah lu I a l
C , ’ (Ii, 1 , n c c  il W I ,  i n - h i l ~~ Sc- n - n - I  i ’iui , n - au uul u - s, c i u ’ I I s  I l l  h I m  n - I n - u’ I I l l ,  s n - n - n - I  l iii u

~~ . 1 m a u i u i l e l , l  a - I _ i l  1 1 1 1 , - a c t  m u d  n - n - i e ; , 1 c h v  a c i
m c I  ( I n - , ’ ale sm .u cuu l  c-u _ l i e ,  I a c ,c 1c, ’mu w i l l  lee ’ i leuclee — m h i . h I  i - I c - -  m 1 n - p . m u e i i u  ~ u l i i  p hi I a — c - i c - I a u i ,  a - I , ’ t 0 5 1 ’ t  m l  i , ’ l n - ,

‘Ic - n - n - tn - \ n - ; n - ; I  ~l I m b  V

p e a - - n - - l I m e  u l l f l i . l u i l I  u n - i  u I . I n - h h  1 1 m m - n - k  un - n - an - I i m u  m a u i  1 W  - , ‘ l h l i  I u n - l e n - u t i c  Ii,’ I m u m  itt vi I hi .1 a - . ’I n y l - h i u  l u l u l l  I I  I d
a c i a l  1, - I  - n - s - n- n - n -  f lu . I I  , a h u a e i m l a l  ‘ - - n - n - u - s  a i a - b  l , ’a h  u - u t  a e i u n  i t  -n- m u u u m  I i~ i n - n- m ( u . i I  a c t  chum- I’m - n - n - I’ l l l i \ t n -

I c - p ,  I I~ u n - i - n - i n - n -  - I I  I s  I l l  n - n- I l a- l e n - n - u  m _ u h i l a  I h i m  ( h i , ’ I , - l u n - . i a c h i  n- - I  I l i i  u u u i n - , l e  a cm e I I i , - u - a - n - a l m , c u l a l  i I n - I  I n - n - a  h i l l _ u n - n -c - I l  n i l  Ic--
v Ia -a l a - n - n - a - i  l b ,  u h ’ g h i I _ l ( , c m  .1 , 1  m s - i - i - n -  p i i c - n - i l i h e  I n - m , ’_ i u l m u i p . A 5 I i c -  i l l  i l l  I s  u nma - I h m a c cl a c t  l a i n -V m u t h u u p  c li mn - n - t .ici L i l a -  is l u u

I I  .1 lii .im hle i whu i n- - t i  i c - a  - n - u u i l i e u  I ~‘~h i _ u I I i ,  m e l  i l  I I n - I n - n - u  a d  I h I t -  n - n - i -k t e e l n - i a e u i  C I , ,  I c i c l e  n -I I I I , ’ l c , _ i m h  m n - m b ( t m ,  l u l l  d l  nil
l u - - n -  a u I b u e  n- n- ‘ i  C a l  m s ,  Ii,’ I n - h a l  . h I  n - n - b l u u l u  l~l n - I l  n - n - u ’ I ce  ‘‘‘s- n - i h al , - l u n -  i I i ,  I i . h e ieil ’a I m . l l i  i n -  - II I s  c l i , - u c l u  1 C m ’ I c h u ,

n - n - n - i -n- I, - n - - m i  ian  ( l i i  ( m a , liv C h i c ’ , ’ 1 e e C  al  l u ’i l  ‘I  1 uii i miem _ iI a m u i l l I ‘ I .

I a - u - i m I l d - ;  l c , ’ I w e , ’ m n  l i i i  i c U l  h a u  I I h i , ’  i , pn - u i  - m l  ou  c c , l e  -upa  I n - l I t  I Ii,’ nu. is k n - .hia c m, lii I ce  i n - - k,-,h i i i  I Ii 1n- h m h I l I u l
I V  u h ,i u i ng ( h i m  ,~~I , i  a n - I l - n - e u  i 1 1 l l m u  l u — n - t m  i c - n - n - , d l  w u l  u i  n - a i l l d s e - , I u a - l n - u  I a e ~~~~n - , ,  u p ,  h i  ~~ I Ii,’ i l l  - 1 , 1

mn - n - t a d  Iu.’ I n -  - s l i m  m l  Icy .i ,a,’I I - n - c - . 1 1  l u g  v i le- ,- I I I  l l u u - n- c-V ge u e e n - c u  I ~‘l I l l , ’  ‘ lu au ‘ I’~’ 
I m ‘ m m  ol  I e u - Fl  I c - m m  l u l l  I —

n - _ c c  I i - u  i i  ‘i i  a i l s - a - scan-u u ca I i I i a’ al i i i  I I m , - - u n - i s  I, i i i  l e n - l u - n  t i c  n - i l  I ce. ( I I , - w, , m m a - I  I a ’ I ’ m u - . i  ch it ’ i i  l i i  n - aI i’ .I c l u  ‘ u i  b I n-n-n -

f t  , u  I i i i  ( l I d —  l ’ I ’ ’  I l a d  I s a u l m i a  I - i l u  - - l u l l  c n - n - l i  I l u _ i l I ‘ l u  s- _ i l i i  - hum ’ u~ I d  i m u m  u~ ’a u i m el  I I .1 n - n - i l ,  I I - u i  a d I C li, — - - I I - u
I. - m e h I m  l ’ ’ ’  i l i ,  I i  v _ l u  , ‘ i -  I n - _ h e m — a l I n - i  u~~l - l u  ml Ii l i i ,  1 1 1 1, 1  i c - I  t a ,  n- i j ’~ ’ a - u _ i l  _ i u  I _ a u l y u - n n - - I u l di _ I e  u i a ’ d l m a l  i ’ ~ l

W II , a I l  ~i d n  i i  m - m , ’w NIut - 1 d m  m l i i i  i n - n -  u m - n - u u I  w i t h  t I n - , ’ n - n - - l i m b ’  l a  - n - 5 s l u n - f l .



l~R u u l l - i b  I - u \  t i N n - I  m W  t m - I ’  IS

I hu, ’ - a s  p i  u s  u n - t a - ,l t u  I I i ,  i a u 1 i l  l im p l a m  k I n - n - a  t n - a  I I I ,  I u l I t  h i d  a l l a h  n - , , , . ’ i n - l a m  c-’ n - . h I 1 d 1 l  I s  n - c - I  a mn - u  1111151 I ’ ,

u l l a l u l i l _ i l  w . m l l . i i ,  i i W )  l i m I t S ,  II s m m l t  Ic , - a s u h i h i ’ l e ~ I l u n - , - (I m c ’ ’ ., - ’  1 , 1 1 . 1 1 5  n - -~ a~ n-~ - i a  , I , u l c  i n - i m l m  - i a - . i u u  , I n - _ n-i 1’ , u u

I i  u I I ~i _ i  - n - a i m  I . i hc Ii ’ H i u c u u m m i t  bu hgl u 1 d l a n - .~~ Ii  l i - u i  h a a  W I  I m au l - 10 i n - n - u I  1 1 . 1 1  mu g  ( I i  m n - n -  I - c - a n - n - n - al l   11 m m ’ . 1 1 1  m n - m a 1 , 1 a l ua- ,l I~ l i t , ’

uiuc i l e ’ a e u l _ u m  n-n - l a - v a - m i l a l  C a d ( h ~e ’ d l i l i i I s  1,11 1 1  w i l l , I i , h i d  .1 I i ,  u i I s i l m e u i l l m a - l l I  I n - u I u I l l m u . u l  - I  W i(h 1 , 1 5 1 ,  . 1 1 , 1 1 1  n - -
l I e  i - - a - hIIe,,u t h ’~- i , -, i ,o s- , - n- t liv - n- I u s  a l  ml - I m . ,  I , m m . m I I i I t  a - u n - n- - ( d l  u ’ i u I m i I - - C a - e l m  i a , ’ I n - u ,  I 1 -i. u _ I  u _ _ u- wh i i elm cuuum s I Ic e ’ I I I —

C a l  a l t  l ’s t h e  S t t u  - _ u l l u ’ n - I c i  I , ’ ( h u t  w h m e t u  I n - ’  1 ,  h a l l  I m ( u i  I m u  n - n - n - u - k  u I I n -  l i m n - I i  h a  n - l a - a ;  i m  . i t ’ t u ’ u t h.u t ( l i i  l i l l  I t  ( i - m I
- i I I l — , l e - i  1- n - h  c - I l , ’ u I l , h  - ‘ I - i — i _ I  ah , dwi u c - I  i u - i e i m I I l l ,  u t u a e l , ’ a u i l . u  I n - n - l u - V u  - I t  u s  . l N s l i l n - n - a l i  l h i . a I  ( i i  , n n - e i h l n - .  n - e m I l  h i s , - lie ’

h - u i — . i t  1 , - a - C  idli I l u -  i a - c  I - m n - n - n - i n - m n -  ,- b (Ii,’ cm l a . i , ’ a a u  l u  s m , - s - , - - 1 I , - i , - - l  h a - - n - I - s m  u u l  , m l  I , i u u . i (  I s - a n - i c  - n- t n - I
1 , 1 1 , ,  u a a m m n - , l  , ‘i  ~n- . ’a - , u g h ’ N I h  0 . 1111  n-n- I t - i  n- l i m i t 1  Ii ,  t a t _ i d a - i l a l  I I , . ’  a Su l 1 , - i  m l  (Ii , ’ i ’ m  a c - I l l  ‘a l l l I ~ I - I I  i ,  a h l s i l u - Ill I a 1 ,

- I  C l i  is m i  I ail s e m (  m a  I t i a t  i t  wa -a ulat g u i _ i l  Ix iui cr, ’_ m sa ’ I Im , I ’ a l l i  - b  I t u - I c- g I l l . 1 1  ill 1n- p i ck _ e 1 _ n -e ~i i I l  wim u i l a l  i , m u
a ll  il mI ~ I c c -  u c  a t m i , ’ _ i , t , I u  I m a m a l  u _ , 1i _ i n -  i I v  I’, I v  di I l u ,  i n - ’  l u l l s  I l u m  u I a m u ~l t I m e  a lu — u c i u t u m a l  i u 1 n - m l i _ I I  — i s  v Im  1 , 1 1  v i ’ ii Iel i l - b _ I c -  I l l ,

ala I vt - ma- at  u t u u ~~iI a - c a i l i ~m ’ l i l  u _ I l  u a , u u  a u l  c - n u n - e l i  i ’ l l  .1 i m l l m i c u n -  I n - d u m  I i n - a m  a c t  - il’ i l l  m u  a - n - n - s I m m  a . n- n- c - i m i 1’_ l a  N111 e , a I m u s l  a l
‘I  m u i - _ I a t  I t  I t - n - l I  I I  l a ’I u i  I I I ,  at, d h I . i l l i l  i t - n - n - u I _ i l~~u I - n- - I l l e  ,I I n - . a h s e u u l  i n - - .- .‘ u  c li u n - n -  a i  u . l i h g a ’d ii , ’ i l c  i n - -  I b u,i l u i — i m u m

i t  w,’a a hn - I m , I a I , u ’u ~ -n - ~, t c - n -  ml ’  I ’ , ( a d ( I a , - S I _ c u -I I hi ,  l a n - n - I l l  i l  h , m y  e _ i a - k _ i 1 _ a - , u i u al  C t i . u l  I I  w i e m a l n - l  h i e l u a d a ,  a a- a - i s v g u i l t  I n -  m m l i

i t - S  I n - a t ~~hi a C i ’  I la’w , n - l l l a l  I I u m u ’ n -  i i i ,  d a m s ,  ( I , , ~ lu l l i ’~
- n - I _ u i m u - i - t u e  u a~ s i - i 1 _ I l i - ‘ I n -  - i b m , - l n - u a m s c  I C I I .1 , 1 u s a  . 1  m i t  ‘ n - I  IN  I ’  n - I  - I n -  a

.‘n - t - 1 n - a i  U i ’ NB ( i l l h i n - , t  a l  ‘, h a m  t I, , ’ ’  c - c - n -n- a - l u  . uuua b  a u n -  - u a pp i I t - S  I~~u d m a -  n - i  i l lu I s  l , i I i l  - lu - i bm n - 1  ( h u t - s  I l l  I c - l i - ra n- u m u Ia.’
in - l a i l i l i l C a l  . i (  u 0 1 i 5 t - h l d a l u I  c - m l a - c -  ac iu  II,, - ii i l l  . u m u u e  i m I  l u a u t l m _ imu mm c - l u ,  c i a - i - u  m a in - i — — a l l  . l Im e ’ u u s  m n - - u u u  I - u I I _ ut, I I au a ’u l a l u

l t m t - u u im u a t  a - u  w m l  I l i~~V i  I i ’  - I  I i  I u u 1 e . u l m  I lie’ I - e u  I - n -  U n - i l  I n - a  - - I  ( h i  a’ n - - c - - n - t a- n - u i ,

l’Ime ‘ u I  I t - h  . 1  l b.- i t - 1 n - i l l  m l  m u g  ‘ i k u p t -  w u u m u l i l  tn - i ’ i - u n - l i m i t - e l  ~-d t h u  u e l i g t u  I n - m a t  c - - I  t i n - n - n - ,  , uumt t  m~ u ’l  p d  I t  a c . ’ h I m , - , - m a l l  cm
l i , C l i , -  u u m t  a - I  ,‘ t t h u ,  n- - i - - m u - e l I  n - n - n - . i . k  a ’I  ( tua’  .1 i n - - i  , - i ,  N I h  h e n - n - 1 ,  1 1 . 1 1 , - u  , T I m e  , i , u 1i 1,  I s  - - I I i l l  l e a  I i i i - i a n - I l l  i l  , , b  I - -

s- a - i l l  i I ., t a ( Ii , ’  i s a  S1a , u , , - ,c I I I ,, ’ .m u u . c  a t ,  m a n - n - 1 ’  i l - _ u t - - n -  uai a u ma l n-l Ic , ’  i , l l , a I l I t - I l  I u , a uuu l Ime u I  sm ‘ d u n - - S a I l  I i i  5 - - i ’ p  l a  I i ’ I l l , -

In-~~ .mI cc e d t t  • u I u ’ w m i n - , I  I c a u s  a a t  tIc,’ N I h  I u l l , - u  I I I  ( h u l a  s i u p l n - l v

R E H  III N I l -  n-i

I . n-a_ -k i , - , , K _ N . • I d l , n - I  I n - I n - n - , I . , m u n - I  ‘h i u l l I i l l u u i ,n-\ _ . I , I .  ( I - m n - : ) ,  R n - u t  u , e I l i l i -  I I  i h h n - I i u — I d u u l m m l l t . ’ il u s a _ s m _ a  s.’ I i l u l h i l I, a s l n - I , I l m un- _

n-c - , , u n - _ p _ I n - u  ‘It -~l _  u s , I .  l . a _ n - —  -

• n- tv m i t  i n - m m  l’ma hn - I u , - i c  u ~aui -i  l u , n-n - a  h u n - l i l a  .~ , i l i _ u 1 e I  , n -  . I • I - l u m l u n • -en- 1 1 m m  n - n - I  I V  ~‘I  Ii a 1 , u  

I . hlm,i ( tai l  • K. H. , I es c u l  I . - I’ - I i ,  • ‘ I I  . 11 1, 1 s m ’I l , b lb . l ’ i , I - ~i mii u t Iii pta n- n - n - un - n -I _ m i ud, ’uI eun - _ a -  c t - i t - h  I I  I a d l l

-i  i a’s  m a t ,  i - ‘ .~ l _ I , a  ‘la - I  • a n -  a I l l ’  II t I ~ -

I - u  uu n -~( ul m g . _ I. l ’ i u i l l  , I l , s 1 d u  u _ I c  - s I I.e. - ‘ i l l e d  I n - .  I n - I  a m a l a  I n - .  a l  u ~.m a i c , I  n - l u u m  ~~~~ c- eec tl _ I - I  ~~~~~~ I’ a - t - c - u c n i u , - l
ia - c - a i m  lu Caacntiu i ( ( i - a H, ’ 1aa e I C  ‘i~ I b - a - a  I , ‘ I h , I u I I m  • M a u l  I c - I  i c -  I I i , I  t - l I m t-

b e  l i - n - C I I l n - n - ,~ l . c - l ’ i i e  I i  , F h 1i  i o u  ,, - l a t I m ’u i c - Im l i d  l e t - C W e ’ a ’ u i m n s 1 u i r e t I  u n - s V~~a ’ h h  . , ‘ I h n -  a - _ l u  I i l  ~~ 111th t , m h ’ i u u  , u l  I I t  m u a l a ’ .
A, ’ i t c  Sic _ l a _ a ‘ I t-, l  I , ~ O i l l I

F r ~n n - m I I lI ~~ , . I . 1 h a l I d l a b . I l u c  ,‘ I  I a - , C c -  I d i i  st - a l  m u l l  t l i d u l  I l e l , ’ui n - i l  V l d r , ’s n - n - l h i a ’ i l l  1 1 1 , 1 1 1 ,  A0u\RIb a ~gr u 1 n - h m  l O t’ , In- 1ug h .u umi t ,

I V  I n - n - I I ’l l  g e l  s - i a - e n -

1. I - n -  1 1 n - n - ( i  I I n - , . b - I l a I n - I l l - I i , - 5 , - I l l  I ’l l  . 11 I u v 1’ - c - u i  — ma - n- - I - i n - I  a O l  a - a c m e m l d l  a d u l t  n - n - a’s. Av i n - ut . SL d .u i a  In- I n s - u i  m n - I l ,  hile t t -a ’l ,
a~ l u  n -l I ,’ -

it , ~ I m m a ( , ’r ,II ,ll, ( l u l l . lit - ,’ I 1 c m - c  ‘n- a ’ I g r u s  i t s  n - u m u n - I  ma - a - ,’ l a m  I n -  h u l l  a ’mm I 1mm ’ l l u u m p a n -  . u\( ,tRluamg i- u 1n - l a I I t ,
F m u g l ; a u m ~I , l’,’ i -h um u 15  m a i n -all ga - u  V I  .n- -

1. 1 m i s c  ~‘ c .11 .11 . _ u i u a l  l . i s h u u ’ u , hl . _ l .  ( I I  n - u n - I  - l u i l l  I i t  m u g , - . l c - n- ,- , - n - n - n - n - , u u ,- h h I a n - I  1 m a - u - i  imuicu g su i t  • N_ ti ll 110A1111 m i m i m —
l u - c a n -  n i t -  I’ r . -~ - ,- , - a I I  hu gn - ; Na’ I Sa l 

• li _ i ( eu - u - n - t a - - I

1(1. h n - t _ l d l l I l  I I  n - I l l , at . 1.1 ” , , l i t  r h m -k , I n -  - ut - .  n u l  Pi e ,, I • I i . I- n- - la ce r u n - l e u m _ m  I dan-il l_ucla 1 , _ i l  I I n - u i  -

I I  a n -Ia I v u  I I . ’ _ l , ’ e u , ’n-; , P - ( I l l - n- m u 
• b I n - c - in- u I t - I  t i _ m i i g a ’ n - n - I l l  I h i a ueuh a l a1 I a ’ , i  n- a t  I t - u  i I  i~m eu I _ m I  a _ al I I i phi ( c i  i i i  - a I l e u I ’ n - I I I ’ u  d u n -  n- n - I , ’i i

, l l _ l ’ e l t e a - r  _ ,I . l d h i i ,,s u , ’I  . I - a n-’ . -‘

I . ’ . M i l I , ’ r , I1 .l , .  • T I H - h S , I . F . .  S l a i i k , R , l  l i m i t  l k e l n - n - , I ’ n - . t i .  ( I ’ l l — i  - M i a h i ’i u m h u u  S l a s t -  O t - I l i - I l l  i a ’li a ’ I  u \ v I i l u a n- . ’

11 n-evp. ’mu : fl r . ’ itl u l ucg P.,S t ae in -iptis I I  I I ’l l  In - i 1 I m a u u , I l u l l  u t  I l e ew , h u l h u a l g l e n - n - n - n - h I  I _ uuiel e _ I l c i d I  m I t  it mu, l , ’ .
V S m 1al- S , h i , u a a l a c t  n-ti c u c S l e .md a ’ M,’,Ii in,’ tn-n- a I I I n - i  u n - i u’elh I i i  7 n - — a u 1 ,

I I . M1 er p Imc , F .  K. • Is’,’u i l ,Il .hl. ali t hl mclnm l n - :uI ,tn - l a -n - ,I- ,W. c - I l l t u b  . I ’ l m l l , u a ’ h u m I v  ve’cu l 1 m t i  i’ll 1 , 1 1 1 1 1  a - I l i a c - m I  cm- a -V  ch I l l  i li  I hu e ’
a d 1 c , ’ r _ i I  I ’l l  , e h  m t - I n - i t -  S, ’ m l l ; u t  iv ,  b u m p h i  pt - u l u ’ , h h l _ , m  ca  1 1 , - u _ u I  I .  l I e u I 111111 I l l  n - \ a m a u n - n - 1 e _ m , , l I e ’,h i u - _ a l  n - \ n - s. u u i _ I t  1, 111
a’u i i l i l u n - l I Moe’ L i  Ii~~ p I ,  it -

I- , , NI sIuj , K .hI . • K , u t - t i i m  .1 .  A . n- ic i al SI  mu Ic hc~ ,R.A . ( l~l /u ,) - (aiim i ai l au I’ i m e u r v  g m s  U l I d i t  l i l t - c -  h -c - -  1 i n - l l a~I ld lu ; i t  t e - ,ii,’ Ibin -ad .

1 . m’app l . l’Iuys lan - a . - a l e , l a - a ’ I —  I- a c

I” . t’ a ’ ( I i ,’ 1u ’h l l i , F. S. a l l a h  t’h , N u ’ h  I ,H. b. (l’~ll) . Au a I mi fl h, a , h u , n - i l  a’s’, u hu an - ut m a cmi  , u l  t lu u ’ A ii uia ?n - ta ’ l e ’ a u i l . i i  S i a ’ a , - u i X V 1 n - a ’ lh
i n - i - l i d I I u n - I  n - i c - n - n -I i lIIn- n-  - (I S A iuuv Aa ’r a c uu, a lj c , .  I I m I ’ u ’ m  m u  m urv R,api n-r ( , 1— li ).

lie . n-n- h~.ii e , u . H ,  I l I t e t b  , l i l l u ’ F I t - u  I ’ i d l l ’  W I  I b m  M 1d, ’la t ’hl t - . l h I S u ’ ,t l’s- t Ie , - sh l i l t l , ’ll I lil I n -u dd u I I  l a id a c t  ‘ I a n- S l I d  a h d l t a m (hut-
a - a’m p u .n iu au (  j c I a  t ’ tiuimhi’r a I ( I l l ’  i e e u , n - k a x 1u u c i  I a u - c-n-  s - u  I s - a - • Put t I l u s t  i t  i u b ,  I n - I  ,‘ic- i l l h a n - t i  M , n - I  II l i l t ’  I , a I , u u  i , a l
M, ’m u c i , i u i a h , m n - n  I I  I , I e u i a I a c u ~ , N 1 1 1 1 5 1  u— v , d t  l ie-I a ’u h , a ’

I?. S I , ’i it ,H. I , ,  r h u a - u -; , I . In - . • Ike l a ,Ic- .O . . 111 ,1  M i t  Ieu .H.l,. ( I l l - i t ) . t I n - l n - n - ~ l l l  - n- s~ ’ I I  j h m i t i l e  1 , - n - I  u , m ~ , ‘ I  1 lu __ ill
u a l  - l  I n - n - m a c - ’,’ an-cc v g, ’d u  gi ’ i i d ’ u .11 u i  - I n - u _ _ c -F ;~ liam m ’ I  i ’I  In-l a d  u l a c i , t- n -l e n - I l  - - m i l d  K, ’ 1u , iu I SAM — I N — il- - I i t ,



~~~

_ n - - —

~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~

-

~~~

Consumption of
oxygen supply
[L (NTP)min ’ man_I]

7 
~~~~~~~ 

1 

~~ 
~~~~~~~~~~~~~~~~~~~ 

1

Typical demand -
regulator 

______________5

4 - .

3 —
~~~~~~~~~~~~~~~~

----- -- —
~ 

- - - - 

~~~~~~~~~ 

0 10,000 20,000 30,000
Cabin altitude (feet )

Figure 1. The re la t ionshi p between the rate of consm umpt ion n- el Ih , oxygen s l a I n - p l y
and cabin altic -ude for a in-onveuction al demand regulator with I n j e C t o r
dil ution and for oxygen systems which main c - n -mi uu alveolar ,n-x~’gen tensim ’ns
equal to those produced by breathing air at ground love’), at ~~~IlIll u t a - a t

and at 8,000 feet.
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Fi gure 2. The ma ’ (at jonah j ps between c-hit’ e an -cu a - u ’n-u rat in - n of oxygecc icu t h e  m a l l  i r t ’ iI gas
and n- ,uhj n a l t itude re~q u u i r e a d ( u )  t I n -  m n- l inc - . miu u t h u ,  . i lv t n-’ I ar  n -u xv g n- ni te ’uu su n - ’ uu
e?ql u , l h  t o  c - h ut wlieuu bre’ .ut lu ing i i  r ,lt gri dit cud i a v , ’I  ((.1. In -q l u iv ) , ( i i i  I -

ma int n- I Ill t h e n - I l  c - e n - n -  l n - u r  mux y gun -~u t e n s  ica lc e’q iu l I tn - n - t I I n - I t  whu&’uc In -r I - I  I l i i  cup n - u i  r n - m i
S ,000 I n - ,  - I ( 5 ub llu) I t I-:q u iv) , ( i i i )  t a n -  pr o m l u u m ’e ill n - I l  Vea l) I t c n- u XV tn- i ll I ~ II ’a I urn
mn- I 30 n-n-lid hIg ‘mi i n s t n - l f l t i l l c e o u S  dn - a n - a e n -n - i p r e s s io l c  f r — n - n - n  t h e ’ i I n - i u c  ,u l  t i t  m i m I , - en-Ic t l u c ’
~~~ a x i s  tin- t h e m-a b i cc i l  I i  c-itde’ i c u u I i t ’;i t c ~ab tn -v the I n - r t n - k n -’lc hun- n- u n - n - n - u l t  ;ii I h ue ’
(final u uhn- I I I  u I  c - i tudeum b et w e e ’l c  30 , lcl u lu  u m u m l  - a l , SOIl b e e t )  n-lad (iv) t i n -  m ailu—
t n - u i -i whit-cc c- lie ’ p resslarl - n - u n - u i  i uct ai - t tIme .mlvt - m e I I I  I t - l i s I m n - I u  e l l h i m I  cu t l n u t
wh en b r e a t h u i d u g  a i r  I t  S , ub Olh h e a l  n - ucun - I  I n - ’ Icrev e ’uu t  tIme’  , u I c - - a~m n- I ,ur a c - s_ n- n - a _ I l  t m l l

s u n - n-u I n - u i I in-ug t u ’  he ’ I n - n -w  30 sum Hg tn -cu I I i ,  i c c s l  a m n l  a l l e - l u l l s  d en -’m n - s n i n - r c  c - s i t - n  n- ’l
a ’ n - uh iuu  p r o s s u i r i s t ’d  t i C 1 d i l f i ’ren -c t i m I  b u r t - s c - e d t -  n- uI 

1n- I I ’  h m c ~~ ( t I I i c k  su n - I  i t 1
I iuu e I n - i b m ’  l I e d  Mi  ec imdum fn-n-r ( a l I S ’u I  c - I l l  r m l  t I
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r i gel u-c 3. The r e’ I .m u i an-uc s hc i p he twt’t’n I t I e  u - m I  m a n - h  cm - cbs t lmp t i a n - n I I I  the’ ass ((‘I i ii iIPP 1 y .unm.i
a n -ub jc c alt itud a - la n - i all m u X c -~~’ a I i  c - s - c - I  d I l l wlu i n - I n  me- u - I c -  I l u ,  r a ’I  i t  l u I l l a t h  u p  he’twe’e’cc
i l u i a p m  red oxygen ce ’cc ce ’cu tr ;u t  u n -cc alue l u I  c - i  t u u s l e  n - t a r i s , ’ h  id I b m  i s  p ap e r .  Thu ici
re l ,ut  m m n - I u s I n - m p  i s  s hua ’wlu I n - n - i -  I v u  I t - c - i Is i n - f  p e u l c n e n - I u ; i r y  s c ’ml t il . uc h - I n - , I t ’I n - i  a a i l l I  h l u g
L Ime ’ me’alu cdmui x ime u ln - l v ,m I yeas I I I  In -il l m,’cu,i rv c - a -In - c 1,1 1 I i ’ l l  t i n - u- ,l c - i cug l e’ ;uu uel .1 tw a n - — c n - m n - u cu
a rew ( I I  i ( R T I ’ S ) m i c u  n - In t l  1 1 . 7  i ( l b T P S ) m i n - ’ 1  re-spel t is- i’ I s - b ,
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Fi guri- -a . A di .ug rn - um icC an Ad vn - inn --e’ d Oxygelc Sy s t e m  l n - n - r a f e u t u r e  combat n - ui  r e r n - i f t  . The system
emp loys m cnolem- eu ln-ur c - i  c- v t -  t n-n- n-’ouiccntrate the oxygelc icc eng icce bleed n - ui r. Whecc
the pressure m t  whu i n-’hu a i r  is  del j verm ’d f;i (ha below t hu m- m i n i m u m  for opt ima l In-~~u-~
feurmane’e a~ f the cnole n -’ c u l n - u r  sieve . umu m’ le’c t r i n --a l l y dr iven compressor de l ivers  m’n-lh ilc
I i  r m l  t I l t  tI es i reel pressure. The m ’ n-n - m u n - e m u t  rat imu i i of oxygelu in c-lie gas stipp l ied ta n-

the’ ihe ’n-n-un-uli d r c’g u ml n - ulo r p;uak;uge Ic - n-’mut l t l ’ t i l  l ead by t lue  a d a l i t  iec n iuc c -hue p r e m i x  uu uit n - n - I
h r  t i c ( t i e d gas fraum t h e mc n-le ’cu l ir sieve. Thue nuagnit ilde oh  this diluti on is

d e t er m i cue ’d b y .m en- n - u t ro I unit , c- tie inputs to wll it -lu include d cab iui n - u I  t i tude n-mud the’
p;I r t  i l l  pr e’s s l ir e  u ’ I  uaxygeli ici t Ile gas cit -I iv er en - I by c - hue r e gu lu i t i ’r package ’ . TIut -
gas m i XL lIre’ i n -rn- n - dm im’.’d by t h e  p r e m i x  ut iu i t  f I ows c-i’ t l u e  n- ra u cca s ;u l uui ;i sk tl u In -l ilglu c - l ie ’
nun -mi Ii ( p u  i m ar y )  ilu ’un - i ,m ,u n - I  I c ’  p am I n- i t a n -  r a I ci t tie ’ e’ve ’ui t m n -f  mn-i I f  l t t ie ’ t 1 I ’ll n- n - I  t Il, ’ d i n -ui mu m e ’ get—
1 , 1  u i  c- l i a’ Sa ’ l n - h  i u , h . I r n - n -  a t  an u i l l n - v  r egu l  I t  O d  u n - i l l  he’ uuse ’d . Ati a nna r g e ’ m u n - ’ n-n- (n-i l , t u u n - t h~
iu iu p p l v ( g ~I un- l ’a ’u i s  m h i i V I n - a hm .11 I S Ot) I.h 11I - - b is fitted. ib j n - a’r . I t h e l l  m n -I tIll ’ Emer gelun --v
i c u l l I c - - 1 n-mw i t  en -li e s m e cu t Ice a ’In-ia ’ r gecucy  n-i eu p~u lv  n - u mun - l  mw i t  n-’I ic ’ ci c- hit’ mn -I t Ii / eme u-pt - lu i l ’  g n - i  5
n -uu pp ( a u - S  t e n -  t h i ~’ SI  hiTI eihV (secondal - y ) r e ’ g u i n - I t t n - r  . A c - c a n -h i l n - t  ‘lu - sens , n- r .11 hue
i n -a l t  1 u 1  a n - f  t I m , ’ re ’gtu l  . i l u d r  1e lu - k . l g u ’ p r an - v i d e ’ n-a 1 Waruiing icc ( l i e ’ ev, ’u l I  t h a t  ( h u e ’ 1~ u ,
~‘f the a a n - m s i l , a l i s a - c a - il by (hu e s v c - l  e’m u n - u I  Is c - a c  he’ ( u n-W I 2 ’ n- mtn Hg.
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K .  K l c ’t~~ Ilow q t t ’,it I S  t I l e ’ c i s k  n - I  n -I , -~~a l m j~I i c ci l , u t . m i m ’ n- ’ t n - i a j s  d n i m  i l c u l  I~l (.Sn-ilIrl’
I m l e a n - i t  h u i t u n - i ,’ I We c - l I n - I a ’l  i t  5011 mtx u c - X 5 u I u I l  1 i c c n - l m m  t o  I - r a ’c-’ a ’i l t  t he h e n -veinu } aln - e- l l t  of  n - m t e l e c t a sj s ?

I-n - c II  a l  t c cn- i  c-d es , that a (clue’ Oh  I tie etm ,i n - n - mn- ln - n -n - wi Ic on- c’ mlo! c ( ’  t o  a } u r e — m i  xed s yst  em.

I
t R. Murrav Wi u n - m i n - I you a n - m v  .m W o r n - h  about ln - xv m l u’ li t Ox I C  i t c - ’  uaSO cj n-c t en- 1 with lonq

-
n- ulurat ion C l  mu lct us m u  h jOh n- ’I n- l l l ’e ll t rat i n - n - h a of  o x y n - iu - i u

cI . Ernst inq We ’ bel I c ”n- ’e that higic n-’n- u l c n -’I n - u c t  r a t ions of oxyqen , 100% oxygen cer t  ainly ,
.cc e~ unacceptable in non—combat a i r c r a f t  , i bum l t ra n sp o r t s  i f  t I n e ’ period of exposure is
greater t h , i I I  six hours. In combat aircraft We- th ink  100% oxygen is completely unacceptable
for any use . i r n n - h  the d at ~

-m we originally presentc’uh , ann-i with which most laboratories agree ,
suggests that you need ,i mir l i cu lu cul of 40% fl i tr o u uc - n- u in the inspired gas to avoid atalectasis.
To avoid l u n g  il -ritation problem s at 1 t- itmo s~n -hc e t -e , one s h o u l d  not  exceed be tween  60 and
75% o x v n - i e t c .

K. Klein In our deep diving research we are developing decompression t,-iL les.
We’ use oxygen up to 2.6 atmospheres for 10 minutes , so, in fact , you can get quite high
concentrations of oxygen if you are careful about the safety limits.

J. Ernstinq I think we all use 100 % en -x 5 - n- den up to at least 2 atmospheres or even
oc~~~~i~~~~l 1y up to almost I atmospheres Ic c treatment of altitude decompression sickness.
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TItE EUROPEAN APPROACh TO THE SELECTION AND TRAININC or SL PAYLOAD SPECIAL ISTS

ICE. Klein and J.R. Hordinsky
Deutsche Forschun cys— und Versuchsanstalt filr Luft— und Raumfahrt e.V. I -

Ins titut fUr Flugmedizin
Godesberger Allee 70

5300 Bonn - Bad Godesherg
F.R. C,ercnanv

Sh1 c -P n -A RY

The completed selection of Euronean PS for  SL— 1 is described. Future developments in Eu-
ropean selection programs are rurojected . The immediate training requirements for the SL—1
PS are described . The intenration of such varied training catec’ories as biomedical and
physical with the more general SL experiment training is reviewed . The usefulness of
m i s s i o n  s i m u l a t i o n s  is also discussed.

The international cooperation in the Shuttle/Spacelab Program offers European scientists
an opportunity to narticipate in soace flights as a member of the Soacelab nayload crew.
The present NASA—ESA Agreement foresees one European Payload Specialist (PS) aboard
Spacelab 1 (SL—1). Additionally , England (under ESA—coordination ) entered into a joint
uroject with NASA for SL—2 , and as part of this , was offered a chance to submit candi—
dates for review by the SL—2 Investigators ’ Working  Group (IWG) and NASA . Other ESA or
national plans for oarticipation in the n-c-rogram are in earlier stages; ESA SL-utilization
models project a variable number of European missions through the end of 1985 , depending
on whether low or high utilization is assumed (1). Demand may be increased through
separate national activities, such as the C,ertlcan D—1 and D—4 missions. At present the
eventual man Dower r equ i remen t s  for Europe remain unclear, but could reach significant
n umbers in the mid or late 80’s. These personnel vill have to be screened , trained , and - 

-

medically surveyed ; part of these tasks will fall under Eurooean responsibility . Certain
completed aspects have been oresented earlier (2, 3, 4, 5); we wil l  now both review com-
pleted events and suicuinarize present status and plans.

PS—Selection Philosophy and Methodology

NASA has defined the criteria that it exoects the PS to meet before being considered
eligible to fly in the Shuttle SL system. At present , it selects US—PS by letting the
Princir~al Investigators (P1) for a given flight submit eligible candidates from which
the Investigators ’ Working Croun picks out the best contingent on qual i f ying under the
medical standards .

t-(n-r SL-1 ESA chose instead to let each member country nominate candidates who were then
t n n -  underoo a standardized ES.k selection orogram , prior to being submitted to NASA
(Table I). ESA’s approach yielded more than 2,000 respondents at the national level

US EUROPEAN

iNluc - sa  uou*cI oP P. m .  a ecnu,cc~neo oesp owse no SEPANAIE IIAnmolIAa
CAJ L I D A T E R  SELEC T IO N P00Gb PS

lit etvou , SCNUc I u NG I llS - I N T E R V I E W S  dIAllOli A l . SCR EENING AND T E S T I N D
PR GA 0 *10 S

b IlIOUS LEVELS OF COl~~L EOl1V )

2ND LEVEL SC R EENIN G tSA PR ESC RI REO TECiWI ICAL , WODICAL ,
IWO PITC HOLOG ICAL S C R E E N I I I G
I u I M I L A R  no NASA IS inAP( a aRrmul

lIlt LEVE L SCR EE NING NASA PEISNISED P1060*10 NASA PR ES CR I RE D P1061*5
l u p e c u e n -  PS Sn-*pwAR lls Is*i~ STAI ID A R DS Al FUN III PS
D I P P ANEN T PRON 01*151 C AII l ID ATE II
OP CARE E R *iT WON AUTSI

Table I ‘n- n-c -i ccr Differences Between Euron-’n-ean
n-n -nd US SL—1 PS Selection

~hilnsnnhv and Practice (2)

(over 700 from Germany), who then underwent national screening and testing programs of
various complexity before being recommended to ES?~. Each of 12 eligible countries (plus
ESA as an organization) were allowed urn- to 5 nominations; however , only eight of the
‘uarticinants submitted their full complement of ~~, for a grand total of 53.

The 53 candidates n - -y o r e  then submitted by ESA to technical and scientific cuualification
reviews which were followed by psychological and medical screening of those found accept-
able (Table II). This process decreased the number to 4 fully eligible candidates; a
further internal ESA selection reduced the list to 3 names that were submitted to NASA ,
and these three nersons finally began their career wi th ESA in mid 1978. One of these
3 should be the first European scientist aboard SL-1. 



NUMBER OF CANDID ATES NOMINATED BY MEMBE R STAT ES

(INCLUDE S 4 DIRECTLY PROPOSED BY ESA) 55

QUALIFIED AFT ER TECHNICAL AND SCIENTIFIC SCR E ENING 12

QUALI F IED AFTER COMBINED PSYCHOLOGICAL SCREEN iNG ,

MEDICAL SCREENING . AND SPECIAL TESTING 4

Table II SL-1 Payload Su n -e cia li st Selection - I-:SA Level

Reduction of Candidates Tlurnuq lc Successive’ Screening (3)

Medical Selection Stancdards

The health and ohysloloolcal status requirements were variously exc-n-ressed In the national
screening procedures In Eurou-ue as well as differing between tlce NASA and final ESA con-
ducted nroqrams .

NA SA has se’t up less strict PS medical standards (In- ) in line with the policy to widen the
field of applicants for this nosition , while ESA (7), viewing its PS as career person
eliqlble for multiple missions, had chosen to anru lv  to the candidates screened in Europe
med i cal standards similar to those used for NASA Mission Specialists (MS), i.e. career
scientist astronauts (8). Table III shows NASA MS and and ESA PS medical standard simi-
larities as well as NASA PS and ESA PS medical standard differences.

- 
llI~ - - 

PS II UROPEAII) MS 1051 PS US)

011001 u u , q l ( R A N G E )  - 190 - 141 e n - 1  S P E C i F I E D

HEARING 50i)Uz/lOOuJpu:/20000z n-,n- l0,i~ - Im lOOi,:/2000V: C/0,I : lOOthi:/2000,iz
tM P aX .D8 LOSS )  30 “' - n - S 1/ 2c 25 15 30 30

ISAS IB iossl 15 30 k1 N O T  U P E C I F I E D

V I S I O N  ( D I S T A N T )
UNCORRECTED 20/100 2/~ 100 No L I u o c l

CORRE CTED 20/ .’)) 20.,’m1 D O T T E R  THAN 2 0 /4 0
BETTER [SE

V I S I O N  ( N E A R )  hi~
UNCORR E CT ED P an- n- L I M I T  NI ’ n - u N I T  NO L I M I T

CORRECTED ‘O/.’u) 20/20 BETTER THAN 20/40
B E T T E R  EY E

R E FR A C T IO N l~eu,SPH) n-2 ”/ 2,0 • 2 ’n -, .‘O NO T SPE C I F I E D

R E F R A C T I O N  l M A O . C Y L I  .2.0 .2.0 NOT S P E C I F I E S

V ISUAL FIELD (MAX.CONTRACTI 150 150 30°
P000IAS SPECI F IED SP ECIFI U D NOT SPECI FIED

VISION (DePTH) SPECIFIeD SPECIFIED NOT SPECIFIED

VISION (COLON) SPECIFIED SPEc IF uED 1101 SPECIFIED

JOINTS I000TION) SPECIF IED SPECIFIED 1101 SPE C IF cED

BLOOD PR Il4AX,siD) 140 / 90 140 I 90 160 I 100
RA DIATION (PRIOR MAX ,) SPECIFIED SPECIFIED NOT SPECu FIE D

Table III Differences in Space Flight Medical Standards (2)

After  the comnlet- ion of the varied national test ing pro grams , ESA carried out its stan-
dardized clinical testing in France (Centre Princinal d’Expertise du Personnel Navigant,
Paris) and Holland (Aeromedical Department of the Royal Netherlands Air Force , Soester-
berg). Selected results have been presented earlier (2, 3, 9).

Special Testing

Besides c l in ica l  type screening, ERA wanted to insure the adequacy of its submitted can—
dtd ates by introducing more thorough psyclcoloalcal testing (7c) as well as special plcvslo-
logical stress testing (7b).

The psychological testi ng was based on a orogram or igin a l l y  deve loped and successf u ll y
employed by the DFVLR—Instttut fUr Flugmedizin in the selection of cockpit crews for
civil airlines, and subsequently modified according to experience with selection of crews
for underwater habitats and for the SL simulation ASSESS II (10). Also , a separate
Engl ish test was added for PS selection , as the psychological testinq included cn-nlv a tj
brief evaluation of tI n t s c,i,’,-scl 0’- . Suu~csar~’ reruorts of the rusycholoq i cal screening lcave
-ì I an - ’ ln - e ,’n ruresented he in- ’ n n- ’ (2 , 11) 
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~ 10  DO OM A* n - , f l n - I O I  PAI - _ G I  I ’ A I D P R O T O C O L  TO M A , I M n - H ,  50 VP’ ITS .

SNI- ’ ’ L E - A t  P R O f I L E -  O n - I n - n - a n -  P R O T I L O .  AND
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P OTSI Va OGI C AL RE SPOM SE .

‘Fable I\’ SL—1 ERA PS Screeninn: Descrintion o f Soecial Tests (5)

Additional physiological stress testing (Table_I”) was introduced in order to reduce the
chance that candidates later demonstrate untoward resrn-onse when exposed to snace flight
stresses, and simultaneously to allow novice annilcants (who may lack even aviation ex-
perience) early in the program the opnortunity to personally experience space flight
stresses (launch , vestibular disorientation , 0—q , re—entry , maximum physical stress) in
order to assist them in better judcuincc their uTn-otivation for this activity .

The d i s t r i b u t i o n  of  failures resultino from the special tests according to ESA standards
are shown In Table V. Renorted are results for the national German examinations as well
as summaries of the ESA selection that followed . The renorted ESA data were collected
both at  t ’-n e D F V L R— t n s t ~~~~.s f u r  F l uqm e d iz in  in Bonn—Bad Godesberq and the RAP’ Institute
of Aviation ‘~edIcine in Farnhorouqh .

STRESS TEST NO. OF FAILURES

FRG ESA

EXERCISE STRESS TEST (TREADMILL ) 0 1

ORTHOSTATIC TOLERANCE TEST )LBNP) 2

CENTRIFU GE TESTS 3 1

VEST IBULAR TESTS 3 1

ZERO—G FLIGHTS 1 0

24HouR ECG MONITORING 0 1

CANDIDATES OFTEN FAILED IN MORE THAN ONE FIELD

NUMBER TESTED: 14, QUALIFIED: 11

NUMBER TESTED: 11. QUALIFIED: 8

Table V SL-1 Pay load Specialist Selection
Snecial Testing : Distribu tion of railures (2)

The use of special stress testing was justified with ESA’s immediate coals of getting the
best candidate. However, one should mention that the internretation of these tests in
terms of pass/fail decisions can he difficult, mainly because of the lack of test values
encountered in a normal healthy population and adjusted with account to age, sex or
anthropometrjc data. As a consequence , contrastino ao’~lications of special stress tests

- - n - . -~~~~~-~~~ -~~~~~~~ - --



remain abundant: n-’ .q .  the ahnence ~ Lower Benly N.’gat [ye Pressure (LBNP) and vestibular
testing in recent NASA selections dnd t)~n - -ir inclusion on ESA and Russian screening pro-
grams .

Apart from the above mentioned difficulties in interT’rI-t .ation of selected results in
terms of “normality ’ , the snn -e c n a l t~~ n -s t s  nrovn--d useful in demonstrating significant
responses in some candidates who had previously been declared clinically healthy .

Examples of such stress test results that assisted i n  the  j ud c iement  of medica l  f i t n e s s
for space flight included

— Significant ST seqrn - Ian t  deoress ion  during exercise stress testing

- Inappropriate high pulse and nresyncone during 3+c.~ exoosure

- Inadequate cardiovascular response , incluain’c oresyncone , to repeated (x3)
orthostatic stress using the LBNP

— Discovery of 2 : 1 Wenckebach block on 24 hour ECC tracings

— ~
Tarkod heart rate swings, nausea and vomiting during 0—g fliqht

— Excessive ~symrnetry of vestibular response to var ious s t i m u l i .

More detailed discussions of the special test results have been presented elsewhere (5,12).

Fu tu re  Selection

The handicap of non guaranteed entry points for European PS complicates the evolution of
European PS selection nhilosoohy. For instance , for SL-2 eight semifinalists included
six americans and two British candidates, but the final selection led to four Americans.
Compared to the ESA St~-1 candidates, the British candidates had not been screened as
thoroughly on the national level before being submitted to NASA for the IWG and the NASA
medical evaluations. On the other hand , the individual countries naturally tend against
ext osinq their candidates to an overly extensive selection protocol if the chance of
final participation is not relatively secure . In fact , as Dart of the national selection
oreceding the final ESA selection for SL-1 , only Germany chose to expose its national
candidates to the same rigorous procedure that officially only awaited the final ESA
candidates. Increasing transfer of r e spons ib i l i t y  f rom NASA to ESA as well as a careful
aoplication of a waiver policy developed in coordination between ESA and NASA should
help to improve future selection orocedures .

Payload Specialist Training

For SL-1 , a total of 5 PS will be trained (2 US and 3 European). Later in the program ,
1 US arn-d 1 European candidate will be designated “Flight Payload Specialist’ . To the
point f this differentiation, all PS will follow a common payload training schedule.
Accor..ing to the philosophy of SL-1 , the PS will be required to be completely know-

~ dgeable about all of the~~cperirnents on board . In addition , the 2 PS chosen to fly will
focus upon procedures and flight mission onerations, while those PS assigned to earth—
based duties will concentrate upon operational control and scientific support aspects
of pay laod ooerations . Reguirements for PS training activities (together with guidelines
and constraints, responsibilities, resources and schedules) are documented in the NASA
SL— 1 PS—Integrated Training Plan (13). ESA has defined the European training phase in a
separate PS Training Plan (14). Though SL—1 is possibly atypical because it is such a
diverse mix of experiments and discinlines, analysis of these documents should be an
instructive starting point to the question of PS training in general.

Guidelines and Constraints

The NASA Training DOcument (13) defines the following guidelines and constraints for SL—1 :
1. PS training will maximally be accomplished using flight or bread board hardware at

the Principal Investigator sites and during payload physical Integration activities.

2. PS will be trained on those Shuttle and Soacelab skills necessary to enable them to
live and work safely and effectively in the space flight environment. Among these
are emergency procedures, standard operating orocedures, habitability , lighting,
and communications.

3. PS will follow a training schedule which enable them to execute all T-n-avload proce-
dures.

4. Specialized training facilities are nrovided for the Command and Data Management
System (CDMS), but the legree and fidelity of simulation will be held t~ the minimum
required to impart adequate or,erational competence.

Training Categories

We should understand that there are 2 categorIes of PS training: mission indeoendent and
mission dependent.

Mission independent training is that which is not directl y related to the pay load scien-
tific objectives but which is essential for functioning as part of the S h u t t l e  team. Tice
training required to develop these skills will Include safety aspects , habitability
features ,  and emergency manoeuver s~ like medica l  ,‘rn-’ n- ’r ccenc v , s u r v i v a l  o p e r a t i o ns ,  and
emergency pad egress.

-~~~ -~~~~~~~~~ - -- - -~~~~~~~ —. - ~—— -~~~ —~~—~- - -.~~~~~~~~ -
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‘.‘issjofl dependent training centers about payload experiment operation. Most of it Is de—
fined by individual investigators and conducted at the exoerimenters ’ site. I t is planned
to r rn - n -vi de software simulation training of exneriments where operations a~ e carried out
y i n - S  t he  Spacelab Data Disnlay Unit (DDU)/Key Board (KB) and the Command and Data Manage-
ment System (CDMS).

PS mission jndeoendent t r ain i nl i , as planned by the NASA Johnson Space Center Crew
T~~iininq Division , is summarized in Table VI. It comprises a total of 143 teaclcing hours
and is structured into 4 blocks: orientation lessons , orbiter systems lessons, crew
systems lessons , and sr-n-Ice system lessons. The curriculum foresees only a minimum of
direct 1’.- medical related lessons.

MRS U t .

. - n - : t a : R Y I O N L E S S O N I  
n- In-IF S V S T ( M S LE~~5O. S ( C O N T I N U E D )

n - V L n - I L E  P ROGRAM OA I N T A T I O N  H ——SHUTTLE STRUCTURES - J U E M L I E O  1 : : C A L  EQUIPMENT UT,:. PROCEDURES I 4
S P A C E L A N S T R U C T U R E S  O V E R V I E W  2 1 L 0  CA L EQUIPMENT An- 4~ F R 0 C E D O R E 5 ~~~ I 14

- 0 A n - O L n -~~U T PMV SIO LOC- U 2 P O R T A B L E U 0 c , E ’a S Y S T E M  2
F I R E  E O T I N G U I S N E R  0.5
EMERGENCY E Q U I P M E N T  PROCE DURES 2
PERSONAL L ESCUE SYSTEM 2

CR11 T E R  SYST(RS LESSOROS PR E LA UNC H 1,5

PRRL AUN C IV INGRETS/EGRESS 3
ORB ITER SYSTEMS OVERVIEW 3 LAUNCH PA D ESCAPE 8
CAUTION & WARNING . F I R E  3
AUDIO SYSTEM 

OS L D 2

AR SIO/L IGHTING OPERATION I PO T TL A ND I NG EGRESS EQUIPMENT 2

ENVIRONMENTAL CON T ROL & LIFE SIRPORT SYSTEM 2 DESCENT DEVICE OPERATIONS 1
E LECTRICAL PUWA R DISTRIB U TIO N & CONTROL SYSTEM 2 LIFE RAFT OPERATIONS

GENERAL PURPOSE COR PUTER (GPC) OVERVIEW 2 PCS T L A N D ING EGRESS (NORMAL /EMERSENCY) 4
14

69

CRE W S FS T E M O  LESSORS:
S P A C E  SYSTEM LESSONS:

CATHO DE RAY TIRE ( C R T )  CAMERA 1
C ONM U MI CAT IONS E Q U I P M E N T  I 1 S P A C E L A B  S Y S T E M S  O V E R V I E W  2
C ORRE UN I C A T I O M S  E Q U I P M E N T  I I  1 E L E C T R I C A L  POWER AND D ISTRIBUTION SYSTEM 0
n - 0 * W ’UNICA T IONS E Q U I P M E N T  PROCEDURES 2 E N V I R O N M E N T A L  C O N T R O L  S Y S T E M  14
CR EW STATION LOCATION CODING 1 E P D S / E C S  O P E R A T I O N S  2
( R E D  S T A T I O N  F A M I L I A R I Z A T I O N  2 COMMON PAYLOAD SUPPORT EQUIPMENT 2
FOO D S Y S T E M  AND D I N I N G  1~S COMMAN D A DATA M A N A G E M E N T  H A R D W A R E  S Y S T E M S  4
FOO D SYSTEM AND D I N I N G  E Q U I P M E N T  2

CDIIS L E Y B O A R D / D A T A  D I S P L A Y  SR I  O P E R A T I O N  3
FOO D P R E P A R A T I O N ‘n-ND D I N I N G  P R O C E D U R E S
H AST E COLL E CT :n -’n- SYST EM 2 C OOR S COMPUTER S O F T W A R E  MANAGEMENT 4

WASTE COLLECTION PROCEDURES 2 COMS O P E R A T I O N — — I  4
n-O AI I T N B I L I T U  2 C DF-IG O P E R A T I O N - - I l  4
V A Q I T A B I L I ’ n- E Q O I P M E N  1.5 CDM S O P E R A T I O N - — I l l  4

VA R ITA B ILIT IT PROCEDURES 3 CORES OPERA TI ON --I V II
RESTRAINTS USC MOBILIT y U :D S 1 CAUTION AND WARFn NG Yn - S TE” 1
FOO T R E S T R A I N T  O P E N A T ~~iS 1 AUDIO /CCTV SYSTEMS 1
RESTRW INTS USC MOBILITY U IO S UVCCe’ tO5n - 2 AADIO /LI~ VTINO/ CCT\ SYSTEMS 2
I T E O i n - A _ I~li~i 0ME tT CPSE AIRLOCK OPERATI On - 4

((ON TIS UE O 1

Table VI SL-1 PS Orientation and Training
M i s s i o n  Indenendent Lessons (4)

Training is devided into tours with NASA Marshall Space Flight Center (MSFC) having over-
all responsibility for olanning, integration , implementation and evaluation of PS
t r ain ir l cT , NASA Johnson Space Center (JSC) providing the bulk of miss ion  indeoenden t
training that is not peculiar to launch and landina sites, and ESA/SPICE ensuring the
availability of European exoeriment training; pa -t rission simulations are also foreseen
for St.-1 .

A oreliminary training schedule valid for both Arn-’erican and European PS is shown in
Table VII. (The schedule is based on Dec. 1980 as launch date for SL-1; meanwhile,
launch has been postponed to 1981; accordingly, schedule dates may slide to later times
also.)

On the European scene, the training resoonsibilitv rests with ESA/SPICE (Spacelab Pay-
load Integration Center , Europe); the health and s a f e ty  aspects  of t h i s  t r a i n i n g  are
insured through the  a s s i g n m e n t  of an ESA International Medical Board whose work is
carried out with the heln of Medical Consultants as well as a Crew Surgeon and his
Deputy (Table VIII). This cn-rou’, of experts oversees the initial selection as well as the
following health surveillance of the crew. With this ten-am, the Board can make rational
judgements on the specific health and safety aspects of all the European experiments
as well as on the general health and safety of Euronean PS in all (European and American)
phases of their activity .

____________________ ~~~~~~~~~~~~~~
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Table VII SL—1 PS Training Schedule
Tours of Duty (13)
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Table VIII Interfaces in SL—1 ESA PS Health
and Safety Surveillance

European Training Philosophy

ESA has Set U~~ a European training plan that consists of 5 phases, each with a distinct
objective (Table IX) .

PHAS E 1: FA IN I L IAR ISA T I ON WITh  EXPERI ME NTAL OBJECTIVES
(LITERATURE PROVIDED BY PRINCIPLE INVESTIGATOR)

PHASE 2: D ISCI D LINE ORIENTED LECTURING BY THE INVESTIGATORS

PHASE 3: HARDWARE PAMIL IARISATI ON AND HANDS-ON TRAIN ING ON
EXPERIMENT LEVEL AT DIFFERENT IDG DEVELOPM ENT SITES

PHASE 4: SYSTEM LEVEL TRAIN ING IN OF~—L IN E CREW TRA INING
FACILITY FOLLOWED BY M ISSION SIMULATIONS

PHASE S: ACTIVE INVO LVEMENT IN ON—LINE INTEGRATION ACTIVITIES

Table TX SL— 1 flS-\ PS Training Plcases (14) 
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(~ : O h  t n - i s  ‘ r n - - o r a l ’ -  it iS n- ’ X ’~~~ n- ’ ( n - n - )  t h a ’  t h e  c r - - i l l  o b t a i n  3 d -  n n - - c n - - s n l r ’. ’ sci -ntif i c do ck—
iround t n - r n - n - u n - : ) :  i n - c t  u r ’s and d i s c uss i o n s  W i )  r n - I  d u r i n n -  n-n-hases 1 and 2 w h i C h  w o r n - - sc) e —

d u l n - n - d  O rom n - u 1 - I  t h r o u qi c  [)n-c ’:’n-l- n - n - r  1978. The fani l 1 Sal - i ‘- I t  I n - I l l  w i t h  I I !n -IIfl / i - II _’I ( l n n -  :n t ,- r—
face  on t h n - ’ n- n -X Tl ’ r i ‘n - n t 1 -‘ - ‘n - ’ l  i s obtained th r ou n - :h rn -h aso  3. The crn--w will i n - n - rn - - adi -d i:
nha se 4 t - - plan-.’ in a c t n - n - ” - roln -’ in tho fu n - h i n - : A n - ) -- I l  in t n - ’ n - r t i o n  a ct i v n - In - e s .  rinally,
n - In - ’t i V Y  t I n- s in I I n -  on—line 110 - A t  000 In -! ‘ A ) I n -’I c e  1 -n- ’ i i) i n c l u de  n- ] -’,’ I on - )11 n - n -~ , I of i natal lai n-c--
n- , . - and ‘nn- -r:S t :~~- : :  :1 , r n n - ’, - n - I U I n - - s ,  ‘‘h’,’sical m t - n - n - l o t  ion and t n - i t  1110 c-f n - ’>n - r i m e n t s , o n t i —
mi zat ion O~ n- ’ X In-n - r ( I n - C I t  T A n - n - r f c - I -T- ,-m f l c , - , u l - I I r O C I Y C :  (n-f I t  1011111 c - c - f I l l : -, -  n - b11 (l urn- n-In-i t :.a of
the O s k  distribution het- .o ‘ - n - - : , PS and “F o n — l - n a r d  ( 1 4 )

In r n -n - v : . e -- : - n - n n - :  the trainin a nlans , i t i- -cores ni v i o u g  Ihat most of it i s  executed  i n  v - r n-
di n -n- n - -r n - c set of locations. This orocess will ‘n-roy - a c r - c - i  strain on th n - - trainees (and
their families) and ce n - t - i:nl ’.- is a in - n -n c way of t m - n - n - the idealized goa l of scientist in—
‘-‘eSt j no a limited n-r n - ’ in :n -r e  f I n - n - r h  t i -n - r n - n -n - n - o r a l  i I 1 1 s  . On- u r t  n- 1- r I l or L - , t ic - - t r a i n e e  is i c i ng  n- r e—
n - - c - r e d  tn  f e  a m u l t i — d i s c i r ’ l i n a r y  s c i e n t i s t  and t e c h n i c i a n  and  m u s t  do r n - a n~ ’ e~ r I m - -n I l ;
other t h a r -  his own ; his unique canabilit” for any single C - x n - - e r i r n - ’ n t  ~1an - ’ less dc-rn -m ont
a role than micsht n- :a~,~n- L e n - n t n - n v j n - n - a n - : I- d .  I t  seems that in i - I -  d e v e l o p m e n t  for SL— 1 PS and
MS roles as simil atn -- . I t  i s  n i t  surorising that NASA has considered PS selection n - u t  of
the ‘ i n -n-n - S t  ~~ I S S S n - I n S n ec i a l i s t  11001 as a cost e l f - -Ct (ye n - s O y  t O  70 . For Eurc’oe thjs d en -n - c - i c c -  —
nent means a further justification ¶n r t he  ESA PS ca ree r  s t a t u s .

Biomedical_T r a i n  i n~

-\s n - n - a r t  of t he  o v e r a l l  t r a i n i n - r  proqram , w d n - - t h e r  i t  may develop for  SL-7  or l a t e r  f lj o h t s ,.
is the s n - - n a r a t n --’ c o n s i d e r a t i o n  of a m i s s i o n  in d e n e n d e n t  b iomed ica l t r a i n i n g  f o r  Euronean
PS. Th i s  ca tegory  of t r a i n i n g  was f e l t  i n  need of exoans ion  for  t h e  reasons  g i v e n  in
Table IC

JUSTIFICAIIOR( FOR EXPAMOED [Sn-I I NVOLVEMENT

[IA PAYLOAD SPECIALISTS

1) AR E C A R E E R  EMPLOYEES

2) REQUIRE THIS INFORMATION TO MAKE INFORM ED JUD GEN EN IS ON

THEIR PART IC I~~A TION

3) CAN BETTER CONTRIBUTE TO FLIGHT SPECIFIC L I F E  SCIENCES

ESPERIMENT PROTOCOLS

4) CAN BETTER CONTRIBUTE TO THE (-IA INTA INANC E OP THEIR OWN

(AND THEIR FELLOW TEAM MEMBERS) HEALTH AND SAFETY

5) W ILL BETTER APPROXIMATE THE BIOMEDICAL EXPERIENCE OP

NASA MI SS I ON SPECIALIST S n- -

6) WILL BE ABLE TO ABSORB THE EVENTUAL NASA B I O M E D I C A L  T R A I N I N G
E X~OSURE BOTH WI TH GREATER EASE ANSI HIGHER PETE N TI n-N

Table X PS ‘lission Indenendent Biomedical Training
Jus tification for Exnanded ES~ Tnv eIvn -n -rent

The d u r a t i o n  of this training evolved from theoretical consideration into an actua l
anrn-roximate 2 months of total training time (Table XI) , hroken down into 2 weeks ( or 8~
hours) of exposure to clinical medicine tonics , 2 weeks to aerosnace n h v s  ic-len- :” , and 4
weeks exnosure to life sciences hardware independent of mission. Cu r r e nt l -n- ’ F the E u r o p ean
PS have about 2 — 3 weeks of such t r a i n i ne  -, lanned i n t o  t h e i r  schedules  a n n u a l l y  u n t i l
launch with an initial 2 weeks session having been completed in .Tn-,uqust 1978 at the flF\’L’(-
Institut fhr Flugmedizin .

TYPE OF TRAI N ING J U S T I F I C A T I O N

C L I  S n - c - n -  APP ROO I M A T F  C Y TWIn- n -E n - n - n - .5 A - I n - n - L I  n - I  Sn- TO n - ’RS V II ’ n- I N n -  I Sn - I S )  R n - n - I  T I  —

S P E C I U L T Y n - R n - u N n - n - T I I n - N  T C L c - , I O1 n - ) n - 1n-A ’ .Sn- I S F I U Y T — S I T n - S N t n - I n - I ) E ) n - I n - Y I

DI  A SN OS IN AND i n - n - A T  “I ‘. ‘ n - n - n-’~ n- “A n-lO T I ~, FOR I 0.1 n- In - AT A n - c - I  n - PAn -il FL I C . H T T

A I P O S n - ” C t  PHYSIOLOGY ‘T AN ,  In-A l A I R  F 5 n -  ‘ n - n - A S I n - ’ L ’ n- i n - n - V A I n - i  R E V I E W  OIL BA S ICS I N  n - n - f
U) n- n - St  A n - 5 1 0 1 - !  ‘Sn -n-i n - n - n -f 5 F E L T  Tn- I F “ ( N I  “I:’ -’ n-S [ n - n - S E A  TO PROVI DE

n- .~~ n - A ; E ‘~~~- n - n - i  TI  n - - \ U I I n - U Y  n - ’ I I Y N I n -A ;  n - l e n - s i c

S P U C F A ‘ T n - n -n - I ” : : ”  ‘F F E U D  n- n-I - n- AN A L L O W  F A I R L Y  I N n - f  n-~7 n - I  I c - n - I n - ” )  ‘Ii
LI F E SCIENCES n - 0 ’~n In- (Y1SA TIn - )N I N  7 - n - n -  F O L I - s Ic n - O ’ U n - ’S
EV’ E R I ‘TENT HARDWARE ( 1 3  n - A n - n - I n - ” . n-’G’n- l n - I V n -’- n - n - M E  TR I (1 Un - I 1

F U V I L I A R I S U T I O N  (2 )  Nf n - IPTLI n-n- n - n - V I S T I B . / A U I n - I O V I S U S L  (1 V n - I n -

~n- R n - c -i n- n -F” ~~1 ‘~pI’ n- - n- n - I  ‘n - S . - - n - n - H A  I - T n - I  ( A n - I  I ON/C) n - n - n -  Y i n - - ‘ FEC TY (1 R n - I n -  -
( In- ) n- n- n- n- - i n - n -  -in-- n- T A N ’ - ’ ’. n- n- n - n - 1  n - n -  - n- U WI I n -

Table X I  PS M i s s i o n  Tn d o n en d en t  B i o m e d i c a l  T r a i n i p o
J-: - ! i f I C I I t i n n -  f er  Extended ‘n - n - I n n - i  ( O P  f o r  ESA PS
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R, N’Tn - n - T I n - I ”  W i l l  you say n- s worn -I n - O n - n - n - n - i t  tin -c n - I n - n - n -n- 01 I n - I n - i n - n - i n -’ n- ’, I I O I I I I n -’S I  I n - S  fcn- l
European  I n-n - ’1’ load n -n - i n - n - n - c  ic-i i - n - t n - n - ?

K .  K i e l l u  In E n - I l  n - — i n - n -n- we han-I a I n- ”W f n - ’ l l n - n - I l n -n- n- ’ n - i I n - n - t I n - I , S I  ~-s win -n - n - wn- n -n l I In - I n- n - n - In - Ill I l n - n -’ ~ ‘I
1 iminary se l ec t i on  ann - I s cmeen inq  ~n - I ’ n - n - n -’n- c--n- s n - ti n - b 50115(7 ( n - a n - n - s n -n- n - I  Oil t I, ’ n - I n - t n -n - u n -  n- - n- - n - I  n-n- n- n - I n- n- n - n - I n -  i l l - I .
The re wn -- r n - .n- two let t n - i t  the t inn-c of t hn -n - f i n n - s i n - n - n -’ I en - n- I ion I - r n - n - n - n- ’ n- n - n - n -  n- but I t n - n - n - t n -  WI,’ I n - ’ I n-’  I c - c  I c - n - I

P. h oward May I comnn -ent further on th cn -  quest In-n-In - about sn- - o n - n - n - n -n - n - n -  in - n - n - m n -n- I n - n - n - n - I t  n-n- . ‘In-he

candidate who Went farthest in the process e v e n t u a l l y  fa i led t n - n - n -n- n- - I n -  n - n - n - n - n - n - n - I n - ’  n - n - I n - ’  n - I n n - l I l t’ I n - n -
complete th e  exercise protocol demanded by t he  ESA spec ial  t , n - s t i n q  m n - ’ n - n - i m e l u . N n - n - w the
ques t ion  is , as Dr .  K l e i n - I n -  h i n t e d , wh e t he r n - n - t i n - n- should ha n- n-n - ’ b e n - n - n  n- n -n - n - n - c -  t i n - n - I I n - n - n - n - I n - n - n - n - n -  I n - I n - n - i  I —

ciency it-c this test area — whether i t  was 11cc -n -n - n - n - s n - n - m v t h a t  she s h o n - n - I n - h  be as S t  I n - n - I n - n - i  I S  1

man. I th i n k t h a t ttn-e selection program in qeln - n -n - r a l  W as Lltireal (In- t w o  I n - n- n - n - I n - n -n- Cl  5 ,  n-In-iso

f i r s t  was that the special tests were in many instances completely n- n - r b i l r n - s r y  a n - n - I  t t i n - ’
in f o rma t ion  t ha t  they tn-ielded was un j u t  e h I n - r n -n - t  ab i  n- n- . The second was t t n - a t  we f i l l  I shed Ll })
with Europe ’s fittest astro—physicis t or l n - c - r t i n -n - i e  physicis t n- cr w h a t u n - s n -n - n - r , 

~
‘n- n - t  f n - n - r  t h e

purposes of Space Lab I , t h a t  we should  have f i n i s h e d  up with Europe ’s nn-ost n i n n - t n - i & n -  ann-I
versatile laboratory assistant, Perhaps we shall remedy that in i n - n - t n -n - I  f l i q h ts .  The
number of different skills which this person will be rcquir en-I to exn -n -rci sn -n- w i l i  be i n - n - m n - T n -’

and most of them w i l l  be c o m p l e t e l y  d ivorced f rom h i s  or her  p r i m a r y  ln - r o f e s s i o n a i  l i t  n- n-
and activity.

K. Klein I quite agree with most of what you say colscerninq the stn -n -n -C ial
screening tests. On the other hand , we shouldn ’t dismiss the win-ole i dea of p h y s i c a l
and psycholog ical standards. It is certainly nonsense to require men ann-I women to
reach equal levels of strength or oxygen consumption but some standards of performance
must  be set .  U n f o r t u n a t e l y ,  I don ’t believe we know enoug h n - n - s yet to set appropriate
standards for all.

R. Murray When will the first space flig ht be flown?

K. Klein A new date has not been finalized as yet , but 1 heard u n o f f i c i a l ly
that it might be as early as 1982 , bu t  perhaps not until 1983 .

F. Violet n- n- I should like to make two comments. First , as a teac icn-n -r and trainer ,
I don ’ t be l i eve  tha t  s u f f i c i e n t  t ime  has been a l l o t t e d  to learn the various subjects
assigned to the trainees — only a week for instance for endocrinology , hematology , et n- n- .
Second , I do not believe that parabolic flight is a useful training experience to prepare
for weightlessness , especially for vestibular effects.

K .  Klein It is i t t l p o r t a t n - t t n - n- n - n - n - _ r n - n -I ate mission—dependent and mission—ilcdepelcdont
training . The Payload Specialists will get a great deai of training related to the
mission—dependent experiments planned for that fliqht , for example , biophysin -’s, Put ,
regarding biomedical matters that are mission-independent , such as microbiolo gy or endo-
c r ino logy ,  it would be impossible to extend further the training period to increase
knowledge in these areas.  Would you rn - n -s I n - n - t o  your second comment rn-n- n -m a rn-Iinq the value of
parabolic f l i g h t ?

F. Violette Earlier experience in space travel seems tn - - c show that the first 12
hours or so in t hin - n- space e n v i r o n m e n t  wou in - i  be t h e  t n -n -n -st conditioning n- n -x t n - n -n-rien ce to e n a b l n - ’
the astronaut to adapt himself n - n - r  h , ’ Is e i t  I n - ’ we i g h t l e s s n e s s  conditions. SO . I t h i n k  i t
is important to set aside a gut I ln - ’lCrc t amount n- n - I  t in - I S , ’  n - l i l t i n g  this first In- u n - m i o m i  of
weiqhtlessness in the sin-ace shLl t tie tn - cm ,n -~ I n - n - P t  i t  ion,

K. Klein F I t  St n - n - f  ill , I n- In -in ’ I in- ,n - l i eve I i n - i t  i .1 i i O I h I S  n - n - m n -n- n- n- l i on - Oh .  ‘F i n -n - n - I -n- n- i S
ample proof that some n - n - s t  r o n n - i n - I t  is ( I n - n - c m  I n - i  h Rus sin -n - c-tin- I the ll ni ted Stat~~sl i c c -n - I (‘I n - n - t n - l o t Us
for up to three n-bays. So • n - n -  1 1  l l n - n - n - u  I - ‘N ( n - n - n - n - I n - I  n- n - won ’ t be S n - I  f f 1  ci  etn - t , n- inn - i  I h m n - n- n- n- n - l a y s  i n-s n-i

long I n - TI ’ to w a i t  to - n - n -  I n - l i t  . An - n - t n - I n - i l  ‘ - n- 
, one wo~t i n - I  F_n -r n- - t n - n - I ’  t h a t  n-lis t I-onn-uut S In - n -n -I W n-~ it I n - n -

adapt dur i hq Ii igh t bu t  I n - n -  be I n - I n- 0 - - n - m r  ‘1’ n - n -n -It 1 l e n -  r exper insets I S from t ice I ii i-i t mn -im n -n -Ic t
of flight,
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SUM MA flY

Efforts to determine the physi ologicIn -l effects of nul l—gravit y space flight on humans
began in earnest in 1960 with the establishment n - i f  the National Aeronauti n-n-s and Splice
Administration s (NASA) Life Sciences Program. The early predictions of life scientists
about t h e  physiological effects of null—g ravity space fligh t n-)n nuan be fore t i l t -  first
manni-d space mission ranged from extremely severe to none at all . The majority of the
predictions were very pessimistic in terms of current knowledge. It has been proven
t h a t , w i t h  proper l i f e  support  sys tems , man can l i v e  and work in the null—gravity envi-
ronmen t of space for at least 84 days without serious physiological din-gradat i n- r n - , The
recen t  Sov in - n -t f l i g h t  of 140 days  is the longest time man has remained continuously in
this e n vj r n - ) n m e n t ,  The d e t a i l e d  physiolog ica l results n-n - f this missin -un will not be n - s vn - u il —
able for some time .

The NASA Ii t n - n - Sciences Program began as an integral part of the U n i t e d  Stan -e s Manntn-d
Space Exp lorat in-sn Program . At first , ti-ce life scientists assisted in the selection of
n - n - st ronauts and began t o  ass is t  in t h e  development  of life support i-n - yst n -n- n - f l n - s  Ion-’ space
f l i g h t .  Eventua lly the life scientists established medical operation procedures and con—
ducted pref light and postf light studies to determine the phy siological rn -n -n - qn-n -n - Ii sin-s of both
an i m al s  and men during space flight. ‘rhe Li b e  Sciences Program basic n - n - i n - l i - c t  i n - n - c  w n - n - n - n -  t o
assure  t h e  hn -n - n - n - l t h  n -n -n - id s a f e t y  of crewmen .

T h i n -  Li f i n -  S c ie nc e s  Program has been a d i r e c t  a n d  e ss in -n t  l a l  c o n t r i b u t o r  t n - n -  a l l  m a n n e d
space I Ii gis t f r o m  P r oj en -n- t M e r c u r y  to t h e  A pol i o—Soy u z  Test Prn-uject, The u n d e r s t a n d i n g
tha t has d en - - in - I n - n -p i n -c l f rn-sm manned space ft i gh I all own -n -n- Illank I nd I n - n -  be opt  i n - n - l i s t  jC aiuou t l ice
n- Il I n -mn - n - t i n - n - t n -’ n - n - n- n - I l I rnn - n - d n - I  I i on of humans tn - n - n - In l i m i t e d  span-’e act  in - - I t i n - n - s n -  At the same time n- h o w—
n - n - n - t n -I’ . p a s t  r n - n - sea r chn -  m i  c a t n - n - s  a need to c-ont I nun - n - t i n - n - n -  in s -n - -st ign - n - t i n - I l l s n - n - f in -n - man phys i n - n - I ogy
i n  - n - n - n - v e t n -n - n - I  T n - r n -n - a s  i n  wls i Cl- p o t e n t  i a l  lv  -n- i n - n on-s p r o b lem s  h a v e  been identified .

n - t i  t h i n - n - u g h  m an ~ n - n - i’ t h n -’  space— i n d u c e d  changes  f o u n d  in  phys I o log i  n- n- n - n - I f u n n -n- t lO In - n - t I n - t n -  n - n - f general
i n  t n - n - r n - n - s t  t n - c  t h e  b i o me d i c a l  community - t h e y a r n - n - (n-f part i cu l ar  colictn - tn -fl tn - s tilt- N A S A n -  tn-i r s t
I t n - n - -v di  rn - n -n -’ I I i- n - I  I’ fee  I eons i der n -n -  I (ins about  I i i  gln-t sn -n- f i n -  t y n- Sen-n-’oncl , t i l t - s n - n -  phn -e n um t n -n ~n- n - n - t n -n- n-

n - i s n - - n - u n - n -’j a t i n - d  w i t i l  I n - n - - n - u i l h v  r a t h e r  t h a n  d l s n - n - n - u s n - n - d  i n d i v i d ua l s ;  I bin -v n - i l s n - n -  concetn-tc n-n- -n - n - n - ien -’I
rn - - n - I( i  In- n - i  h u t -  t h i n - n  t h e  genera l popul a Lion . These ren -n- sons Fe i n - n - u n - s  ti n - flies I of tin - c - sI n-Id i n - s  n - i f

I i s n - ’ n--n - n- n- phenomena t n - n -  the NASA rat ic es’ than t n - i  o t h e r  Fedora I n - n - g e n e  i n - n - S  Sn - In - n -h n - n - s l i s t ’  N a t  in - n - n i l  I
I n s t i t u t t ” s of t l e n - n - U ( i n-

P r n - ) t n - I n -n -n n - s sn-tn -n - h  n - n - i - -n - s ( n - n - i n - n - n - ’  mot i on  s i c k n e s s , r e d i s t  r ’ i b L l t ion of tn -n - in -b y f l u i d s . n - n - n d  n - n - u  n-’d i o \ n - u s n -’lI I n - I  in-

d i n - c o i n - d i  t ion i ng n-n-re of cn-cncer n in sln-ot’t —dur n -u I in - in S p n - n - t n - t n -  S i n -u t  t i e  i l l  gli b s , The n- ’x i n - n - n -In-thn-d p n - n -  In--

i t - ipa tin - in n - n - f nn-)nast rn - cn n -n -ut c rewmembers or p a y  I n - n - l i d  spn-’cI a l i s t s  in t in-tn-s e f ii gis (~ in c  I ’n - n -n - Is es
I t i n - -  life s n - i n - t n - l I s t s’ i n t e r n -n - s t  in  t h e  Span -n - i ’  S h u t t l e  I I  iglsts , in- ntn - tSli- flls sn - In - n -li n - us lun -ss u n - i
s k i n - i n - n -t n- n - I mass , din -n - ’ r t n -a s t n -d  rod h i  on-id ct - n -I l p r o du c t  i on , In - lc d na mer - sn - sn -  i n - t i d t cn - -  n- ’ ( t i n - n -  n- in -n - In - gin-s n-n - n-n -e- - V m o r n - ’ ( ‘ ( n - n e t - r n  t n -n I o n g — d n - t r n - n -  t i n-n-n flight n--s n- T in - in - I i  f i n -  S n -  ien n-e s U r n - n - g r a m  i s  t i n - n -n - I - n- - I n - n - t n - i n -  c on —
cern cn-d w i t h  a w i  din- vn -i In- i n - n - I  v of p in - n -h i  ems t tin-i t range from li - i n - n - n - pp I I i’d t n - n -  I 1st’ In - n - u i - n - i n - n- 

- ‘ I n - i n - i n-

en-n-melon thread i s  biology ; t h e  c on t e St  is s p a n - n- n - ’ S n - - n - n -n - n - t n -n - i l  ( n - I n - v s i n - il o g i n - n - n - n - l l a n - n - t n- ct ’s  n - u s s n - n - n -’ n - n - n -I n - n - d
w i l t s  Space S h u t  t Ic rupera t ions are sumnsa r I ~vd in tin - is 1)1—P in - l n-  i fl r I ud I Isg S p n - t i n - e  I l l - n - I  t n - n - i S  5 I n - k  —

In-n -’ss , n - -a r d i l l v n - i i - n -n - ’ u l n - I t ’ d i - c c n - n d i  I i n - n i l n - g n -  i n - n - n - I l l ’  n - n - nd n I t I s ( ’ i n - n -  loss . i n - t n - nn - n - uI u n - 1 n - n - g~ - 
n- f l n - t i d  n - n - n il n - n - I n - n - n -n - I  n - n - i n - —

I v t in - n - - i n - s i n - g i n - s n -, r n - n - n - n - n t  r v  g— f n - n- n- n- t n -s  , n - n -n - n - d i n - n - b i n-in sn-n- fi n -h y , no Is, ’ , Ii l i l n - n - n - s p i s n -- n - r n - n -  n- t n - N t  In - n - n - v e i l  u n - n - u i n - n - r  n - i n - I  I n - ’ —
I ts’ , t n - n - x i n -’ n - n - I n - n - g v  - n u t r i t i n -n-n , lulowaste n- in -nd h n - n - n - I I t h  I T l I I I n t n - n - t i n - u t l n - n - e,

I l l  51 11551 (n -N

TIn -i’ Sp,n- n - n - ’ n - - SIn - n - It t~~ t ’

A new n-n -run - n - n - f  s p a n - n - ’  I i - n - itlspuin - ’ I n - n - I i t - u w i l l  s I n - n - In- I Ilu I In - t n -  1 ~8() 
n- s W I Its tIn - , ’ S I n - n - u n - n - ’  Sin -itt t I n - n - s n - n - I n -I l i t  n-n-

tn - n- ifln - ’xpt ’fl sji’i’ iv I ransporl n-n - n - - a r i , n - t  n- n - n - I  I n - n - n - ’ 1 ’l n - i n - l iln--m I n t u )  n - n - n -u r t h  n - n - I n - I n - i t  - A n--n- n - I n - n - n - n - n - n - n - n - - n -  In- I n - n -I n- ’ i n - n- ’ t ’ n- t i n - n - n-

f u n— s in - n n - n - d m i n i s t r n - n - I in- u n -  of NASn-\ , s n - n - I d , ‘n - n - \ I l V  n - i i s c n - u s s i n - n - n  n - n - f  I n - t I n - r e  i - n - I n - i n - n - t n -  i n - S i t  i n-n- I i s - u ’ s  t I n - l I s t  i - n - I  n - n - in -I
w ith tin - n - - Spn -n-ce ShIl l I le n- t ic,’ k i n - v  t i n -  n - n - i n - n - n - n  i l l — n -  f l n - n - n - n -tn- s ( I n - I n - n - -  t n - n -  n - 1 t I I c k  , m n - : u s y  , n - i nn - I ( n - t ’ n - n - t I n - n -iiI I n - n - l i n - n - m n - n - n - s n - -n- .

W I I i i  t h i n -  Space S h u t  t I c , n - n -p n - ’ n - ’n - n - I  i o n s  I n - n -  a n n - i  f i n - n - c m i n - a n - n - — n - n -  I n -  II n - n - di n -  E n - n - r i  in- n - i n - n - h i t  i n - n - n - n -  in - n -- tin - nn-~n- tn - tn - t n -d atid
u n m a n n ed  i’ i n - 1 n - i n - n - t -n - i  I i n - n - n , sn -n - i e n e e  n- n- n - t n - i l  n - n -I n -I S I n - n - n - n -I i n - n - u i — n -  n - n - i I I in - n - n - tn- n - n - n - i n - t n - r n - n - u t  I U n - n -  and r n - n - i  n - n - i I n - n - n - l  n- I r n - n - n - s n - p n - n - t n - —
5 I n - n - ’ , “

M a n y  p n - n -  n - - I  n - n -n - I  I n - n - n - n t  s - r n - n -~ n - u ’ n - n - n - - n - n - n - I Sn- I ng ( I i  s- n - n - n - n -s u n -  l n - n - t n - k n - n - i -n - ’ n - I n - s n -i n - -  - n - tn - n - I  eun -~n -n - u i n -  i l i t  i n - n - s  - n - n - I l  I n - n - t n - r h  I’m — n - i t n - u n - ’  i n -,
in t h i n - ’  1 1 1 5 1  ronmen i n - I f  s i n - n - u n - n - ’  and i t i n - n - v  w i  I I i n - , -  I n - n - k n - - n - s  I h i — i ’ m— n - n - n d  tn - n - n - h  il t ’ ln -t ’cl  liv b i n - t n - 5 ( n - n - i n - n - n -  Sin - ill t (n - -

T in - i ’  S I n - n - n - n -- , -  S P n - n - n - t  t i e  n - n --n- in - n - n - i iIt .i din - s l g t n - t ’ d  n - n d  i n - n - n - I l l  t n - n -  t n-n - in - t n -  ads~n-n t i i g n - n -  n - n - I  I ti n - ’ I S 1 n- n-n-— t n - n - S I  I n - i n - n - n - I t
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n - h a  I n - n - t n -’ I n - n -  n - n - i st i n-~
n - s  n- n- f In-ot in- tn - n - In - In - n - I ns  and  ~n -om in - I t n - s  t i n - ach i h u n - n - s  , Tin - n- s n - n - n - n - m t n -  i n n - I  I I n - _ n , e n -h ip I ed wi  t In- t he

I i t n - n - n - n - j i l i n - ’  n- ’ i n - n - u t ’ n- n - n -’ t t - i ’ i ,st i n - s  n - n - f  I in - t n -  Si n - n - l e t  S h u t  I i n - n-
n- w i l  I p r o v I d e  an e f f i n - ’ i n - ’ n t  s y s tem  fo r  f u t  un-

f i n -n- I I n - n - I n - n - I  I n - - n - pac t - p r og l ’n-n -n -II n - in - ’  t I 5’ 1 t i n- n- s  , ‘A’ n- I h I I s v n - ’r s u i t I I I t y n - n - nd  t ’ t-usah I 1 i I y , t tn - i -  S i n - a c m ’  S h u t  I Ic
n-n - I I I t n t  I y OI)Ofl I he d o n - n - t n -  I n - n -  n - - C O t l n - n - f l n - I  n- - n - n -  1 n- n- nd n-’ out  I I n - I ’  l I s t ’  n - I  I s p n - m n - m n -  -

A s n - n - t r an sp tn -I ’t a t  I n - ) fl sy s t e r l n -  tn - c  E n - n - n - ’ t  h n - n - n - i  t , t in - t n -  S p n - n - n- ’n- -  S h u t  I Ic w i  1 1 of let ’ the t -a p ab i  I I t I t ’ s
n- n- f sn - n - m n- in - i n - n - u r t h t n - n - n - u r n - d  n - n - n -I’r i i n - i ’ s  as t t ucks  and a i r p l  an on --n -  , T h i n -  Or bi t o t ’  i n -s d n - n - s i g n c d  to c a r r y  i f l u  U
t i ll) i t a n -n - n ew U f tn -p 1 n-n-  s in - s e t s  , 1 tn - i’  I ud i  ng sn -n- ie n t i f I n- n- n-i n - s d I en - in -n i n - n - n - u  I pt n -r son n i n -  1 . On a s t a n d a r d
l i i i  sin-n- I n - n - tn - • t he Orb i t er can -c rt ’n In-n - I fi I fl n - n - i n - i n -  I I ‘ n - n -  (n- 7 dzn - y i n - n -  , t’n - ’t urn I n - n -  I he Ea r t  h W I Un- pn- -u - so nn e l  and
Pay 1 n - n - n - m d , n - n - n - n - n - I i an -n- n-I I I kin- n-n- n-n- n - n - n- rp  I n-n- in - v .

‘l’ln-e c h a r a c t e r  i St  i n - n - S of t h e  S i n - n - u n - in- S t n -u t t  I i  wi  i I no l o n g e r  n i n - q u i r e  t h a t  t h e  en - n - n - n -a-  be 1 i m it e d  to
n - l s t  t- n - ) f l a t i t  S bu t  w i 1 1 now n - n - n -n- n- - n-n -t ssmodat i n -  Sn- ’ i n - n - t n -  I I n--n - h s n-n-nd t n - n - n -n - h n  i n - n - j ans . The max I mum a c c e l e r a t i o n
w h i n -n - I n - c rewn an-mtser s and p assengers  wi  I I t n - x p e n i n - n - n c n - n -  d u r i n g  l a u n n - n - h  wi  I 1 in - n - n -  3g and d u r i n g  a
I y p i n -’n - i i r e en t  ry I • 5g . ‘in- hen--t o act -in- l i- r a t  i n - n - u s  are  ah n - n n - t  n - n - n i - — t h I r d  t h e  lev e l s  e x p e r i n - n - t n - c e d  on
p r - - y i n - n - u s  manned  s i n - n - n - n -- i n -  V I  i gh t  s ; howen- ’er , I in - i n- r e in - n t  ry  g— ( ’ n -) tn - sp on en t  is i n  t hi’ z — a x i s  .

The  n - n - s I  In- n - n - n n - n - n - n - t  and  s p n - m c t n -  won - ’kin -  r o I ’ t tn - n - n- fu t  U n- n - t n -  (n - In - in -  I mn - o k fo rward to  ma t n - y n - c  h e r  t i n - a t  ur es n - ) f the ~ -

Space Sh tn - It li n - inc lud ing a standard ~~,n - n - n - I e - ,’i n - i a t mosphere , The nominal dunatlin-n of a Shuttle
m i s s  iot  may be extended I o as i n - n - n g  as 30 days  i f I he ne n -n- ’ n- n -ss a ry i’o nsumables  are p rov ided  .
n-’n - ft ei ’ thi n - orbital o p e r a t i n - n - I n - s, t i n - n- n- n - te n- rbiting man in-un-’n-n-rs are initiated and Shuttle reentry
is made i ntn - n - the En -n -n - ’th’s atmosphere at a high ain-gle of attack, At. low altitude , the Orbiter
goes into a horizontal flight path for an-c air- n -I n -n -n - ft-type approach and landing. A 2-week
g r in - n - n - n d  t u n - ’ n a rou n d  is the goal fin-n reuse of the 5 p n - n - n - ,n- Shuttle Orbiter . The Space Shuttle
may be u n-n-n- i’d in many ways in cluding tin-c operation of satellites , n --n - ate lli tes with propulsive
stages , space laboratories , or in- n- )mbinat iofls us appropriate,

The Shuttle Orbiter n--an din-liver into orbit a payload ç~ 29,500 kg (65,000 Ib). This pay load
may he up to 18 m (60 I I )  long an-cd 5 nn- ( 15  f t )  w i d e . m ’~ The O r b i t e r  is comparab l in -  i n  s ize
and weight to a modern t rn-n-nsport aircraft such as the DC—9. It has an empty we i ght of
approximately 68,000 kg (150 ,000 Ib), n-n- length of 37 fin- (122 ft), and a wing span n - n - f 2-I m
(78 ft). Although the n-’rew compartment is sized for seven crewmembers and passengein-s n- it
may hold n-n-s many as 10 peop le i n  emergency  o p e r a t i o n s .  The Orbiter cabin is designed as a
comb inati n-un working and living area. The pressurized crew compartment has a large n - n - n - l u m e n-
71.5 m3 (2525 ft 3) when compared to the 22 m3 (600 ft 3) of the Apollo spacecraft. The uppetn-
s i n - n -’t ion , or f i ig l n - t deck , contain s displays and controls used to pilot , monit cn-r , and c o n t r o l
t h e  O r b i t t - r , the in tegrated Shuttle vehicle , and mission payloads. Seatin g for as many as
f o u r  crewmember s can be provided. The midsection contains passenger seating , living area ,
an airlock , and n-n -vionic s equipment and compartments. The aft hatch in the airlock provides
n - sen - n - n -s i -n - to the pay load hay .

The pay load--handling station , located in the aft section n - n - f  the flight deck , contains dis-
pin - n - y i n - n-n-nd controls required to manipulate , deploy , release , and capture payloads . The per—
sin-n a t  t h i s  s t a t i o n  can opt-n and close payload bn -n -y doors ; deploy the coolant systems radia-
tors ; deploy . operate , and stow the manipulator arm; and operate the lights and television
cann-eras mounted in the payload bay. Two closed—circuit television monitors display n-n-ideo
from the payload bay television cameras for monitoring payload manipulation .

A versatile extravehic u lar capability is provided by an airlock , two space suits , and mobi l i ty
n-l i ds , A variety of tasks in-an be performed during extravehicular activity (EVA) to support
either the Orbiter or it,s payloads .

The Life Sciences Prn-ugram

The NASA Life Sciences Program principally supports manned spain-e flight and the Space Shuttle
i n  f u r t h e r i n g  c a p a h ii i t  ic’s to  e x p l o i t  and exp lore space. A major goal of the Life Sciences
P r o g r a m  is ti c understand and reduce any adverse effects of the space environment on humans
sn-u that a va ni n -n -d segment of the population can participate directly i n  space and to develn-n-p
the foundation for man n- S extended preseni-e and o p e r a t i o n s  in  space. The Life Sciences Pro-
gram pursues its goals using a diverse set of disin-ip l ines , The NASA Life Sciences Program
conducts research and development activit ies that require the services in-f physicians , bio lo— - -

gis t i-n- , psyi’hologi sts n- chemists , and engineers.

in-n - n -n- n - n - l Ist’ of thi n - nature of the physi ological n-hanges un -n -ted in the nn-t l l—grav i I y m n -nvi ronment t n - n -
dli t P • I he n -n -n I gina 1 full — t i mn-n- ph~ n -s  i n - n - l o g i c a l  mon It n -n - ring In-as tn-tn-en sn-n-pp lan ted by mn-in it n - n - s n - i ng only
during p in -ri m n -ds of high n - n - n - I  i v i t y , (2) More sensitive and elaborate measurement systems are
usin- d p a r t —  I ime i n  In -n a t t e m p t  I t s  din-I ermi no thin - - 01 in - n - ln - n - gv of some n - n - f  t h e  s u b t l e  p h y s i o l o g i c a l
n - ’ tn - n - n - ng t n - s  t h i n - n -  t have been I dent i fin -’d as a ri-sn -It in - f prey in -in -n - s space flight n- by t h e  usin - of mn -n-re
sn--ns it lvi - phys Il n - logI cal meun-suremn-n-n I tools • s i n - n - - n - n - r n - il addi tin - n - na I suht I n - n -  p h y s i  olog  I n - n- n - n - I  c hanges
will u n - n -  doubt in-n - ’ revealed , I t  i s  impn -n -rt ant tin - not in-  tin - n - It n - n - I l  pin - y in - in - c l t n - g i n -n - n - n - i n- n -h a n g e s  dot  Oct ed
i n  space t i n - n - i s  f a r  were comp I n - n - t n - n - I  v n-- n - n - n - - n - n - r s  iii I i n -  - Tin -n-il is n- the phv i -n -  lot n-n-gy ri -tin -rn -n-ed t n - n -  twcrm:n- I
w i t h i n  a n -n - c ry  t u r i n - n - f p e n it n - d  , n - u i - n - n - u n - u  l l ~ - a few d a y s  a i t  n - n - r r i - t u r n  t n - n -  E a r l  hi . A in - n - n -n - n - it by c re~unan ‘ s
tn -h I i i  t v to  a d a p t  in t h i n -  null —gray It v i n-un - ’ i n - ’n - snmi n -n - n -  I and tin - rn--n-adapt to I hi’ n-n -ne—g n - n - n v  i r oIn -m i-is I
has proven In - n - he excel In - n -n t -

The 1s i s y i n -n -  it - in - n - g le n - n -I n- ’hun-ngn-’i’n- n - n -in - sn - -rn - -i’d in- n - i vi’ I n - n - m n - f l  sn- n -  sn-hI I in - tin - n - n - i the n - I n - n - t e i ’ I  I on I rn-n -quin -n II y neqn-i inn-n-d
si—ni-si t i n - - n - n - inst ntn -m en ls coupled wi t h  t h i n -  I l l - n - n - n -  n - s f  pr on - n - i i i’tn - t i n - n -’ i n - n - s t  n-n- such  in - s t i l t  t n - n - i n - l i ’ s, in -n -w o n - ’
tn - tn -d y  n in - g l i t  i n - - n - n -  pressure d n - n - v  I ci’s , tn - i n- n - y n -n- le  n - n - n -’ g n - me t n - n - rs  , n-n- lc d rot tn -I ing I — n- n - i n - n - n -I l’ s - In n- - i  ew rn-f t h i n -
r~n - I h n - n -r minima l p h y sii n - Iog imn -n - l l t ’hs ln -n ges in - n - din - i n -i ’d i n - y  n-i n-i l l — g t ’ n - i n - ’ i t y  sp~n-i-e II tght to date . the qt te s—
I i n - n - n  n - n - r i  sin -s n - u s  t n - n -  what sun-rI n - if phys in I m s g I n - n - i  I measin -r i -n-sl i ’n t s should tn- i n -  made t in - n - fill u n -  s i n - n - i n - n - n-
t r n - n - n - n - t n -I n - n - r s .  On the rn-- I n-n - I i v n - n - I y  h r i n - ’f f l ig t n - ts , mn - un - i tn - n - ni n g tn - f t h e  n-n-nin-wm in-n d u i n - ing h ig in -— in - et i v i l y

— n-,n-~ 
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periods will suffice supplemented by selected , well—planned , mission compatible , medical
stud ies.

On Febru ary 7 , 1978, the NASA issued an Announcement of Opportunity for Life Sciences inves—
tigations on dedicated Space Shuttle/Spacelab Missions 1981 through 1983.(3) In it appeared
the following excerpt from the National Academy of Sciences study , Scientific Uses of the
Space Shuttle (Space Sciences Board , Na tional Research Counc il , National Academy of Sciences,
2101 Constitution Avenue , Wash in gton , D . C .  20418, 1974 , page 154).

‘n-The Shuttle Era will provide the first opportunity to carry out a thorough
experimental program in the life sciences under conditions approximating those
of ground-based laboratories n- . . . In addition to biomedical investigations
relevant to man n- s well-being in space , the basic principles of biology and
medicine can be examined using the zero-gravity environment as a research tool . ”

The NASA plans to make the Shuttle the basis of a highly versatile space life sciences
laboratory capable of supporting applied and basic biological , biomedical , behav ioral ,and
technological investigations. The NASA has received many flight experiment proposals as
a result of this announcement . Those flight experiments selected as a result of the
announcement will undergo a detailed definition study before final flight assignments are
made . Because several space flights were covered by the announcement , the investigators
were encouraged to propose multimission experiments if needed.

The primary areas of research to be pursued in space and on the ground are space motion
sickness , cardiovascular deconditioning, bone mineral loss, muscle loss , red blood cel l
loss , and f lu id and electro lyt e loss. These areas of curren t emphas is have emerged from
systematic examination of bodily systems in prior manned spaceflight experiments, In addi-
tion to the major areas of research in the life sciences for the Shuttle Era , one should
note that considerable interest exists in the physiology of the reentry Gn- — forces exerted
on t h e  crewmen and passengers; of radiation exposure ; and of environmentaf factors such as
noise , atmosphere , EVA prebreathing n- hygiene , and toxicology . Additional operational
factors , such as food , nutrition , and health stabilization will also be investigated. Each
of these factors associated with manned space flight will be reviewed and its mission effect,
if any, will be noted,

Space Motion Sickness

The absence of Earth gravity during space flight has a potential effect on those sensory - L
systems that are gravity— or acceleration—sensitive , such as the vestibular system. Physio—
logical problems involving the vestibular system have been observed during previous manned
space f l i g h t s , the most striking problem being space motion sickness . Approximately 30
percent of the Apollo and 55 percent of the Skylab crewmembers experienced some symptoms
of space motion sickness during space flight. In all cases , the symptoms of space motion
sickness were confined to the early portion of the flight and complete recovery had taken
place within 3 to 5 days of the start of the mission .(4)

During the Space Shuttle operations , three factors increase concern about the incidence of
space motion sickness that is anticipated ,

1. Many Space Shuttle flights will be short duration with high workloads planned
during the initial days in orbit. Performance decrements due to illness could easily affect
mission success.

2, The increased volume of Shuttle will permit extensive mn-n-vement by the crewmembers .
It is postulated that this movement may contribute to the onset of symptoms of space motion
sickness.

3. Space Shuttle crews and passengers will include a significant number of individuals
previously inexperienced with the unusual gravito—inertial force environments . This inex-
perience with the null—gravity environment of space could contribute to the onset of symp-
toms of space motion sickness in a higher percentage of the individuals onboard, Most life
scientists agree that better understanding of the causes of space motion sickness will be
essential to the ultimate development for means of its control , and as a result the NASA
has initiated a program of ground—based research with humans and animals. These research
studies will use appropriate electrophysiological neuroanatomical , behavioral , and biochem-
ical methodologies .

In pursuing these studies , attention will be focused on two prevailing theories on the cause
of space motcon sickness , One of these , the sensory conflict theory , postulates that the
sickness is the result of a neural mismat ch between the information received from the spatial
senses and t h a t  f rom p r e v i o u s  e x p e r i e n c n - n -. The second , t h e  fluid shift theory n- postulates
that space motion sickness results from the headward shu t of tn - n - n -d y f l u i d s  i n  wn-- i ghtlessness
and the ensuing  pressure changes in the l a b y r i n t h i n e  f l u i d s .

— Flight experiments will he needed to investigate and confirm in null gravit y the hyp otlsm n-se s
that cannot be adequately studied in the one—g laboratory of Earth. Three such ves h ibular
flight experiments to examine the sensory n - n -n - inflict hypun -thesis are planned for the first
Spacelab flight , and additional investigations will he din-ne n-in thi n - ensuing dedicated f l l g i s t i-n-

Research on the development of predictors of susceptibility to spn -n-ce mn -n - lion sickness will
focus on several related approan-’tn-es. One of these involvt’s n - I t t empts to establish pn - n - sit l v e
correlations between susceptibilities in different provocative test environments. Part icu lar

- “n-~~ n-~ n-n -~_ , 
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emphasis is being placed in-n the use of stimuli that introduce sensory conflict and on com-
par-sons between susceptibility during ground—based test and null—gra n-’ity parabolic flight,
Ann -n-ther approach is to determine the correlation between susceptibility and other response ~ -
parameters such as vestibular reflexes , psychodynamic traits , and biochemical factors .
Finally, innate or learned behavioral and physiological adaptability to stressful environ -
ments is being evaluated as having possible predictiv in- value . Despite the insights that
should be gained as a result of these ground—based studies , it is anticipated that the
final validation of predictive tests will requiri n- a series of controlled experiments with
individuals who will fly on Space Shuttle missions. Many needed elements of this validation
process are embodied in a test program which is currently under development and which will
commence with the Shuttle flights during the Orbital Flight Test (OFT ) phase.

Two approaches are being followed with regard to the development of effective counIermeasun-n-n-~s
for space motion sickness . The most promising of these at present involves the use of anti—
motion sickness medications, Advances have been made in the identification of highly effec-
tive drugs that can be administered orally, transdermal ly, or intramuscularly. Research
is being pursued to establish the overall efficacy of these drugs in different provocative
mot ion environments. Despite their usefulness , anti-motion sickness drugs may exact penal-
ties in the form of detrimental side effects. Therefore , add itional research is required
to examine more thoroughly the behavioral and phys io logica l  consequences of using drugs as
a coun termeasure.  

- 
n-i

In addition to drugs , the development of practical vestibular adaptation training methods
continues to be of great interest, In this area , efforts are being made to acquire more
information related to the acquisition , retention , and transfer of adaptation . With regard
to t r a i n i n g ,  unique research that uses biofeedback techniques is being performed.  As wi th
predictive tests , the final validation of countermeasures for space motion sickness , espe- —

cially those using training techniques , will require a series of controlled studies with
individuals who fly on Space Shuttle missions.

In the future , studies should consider the possible consequences of ve ry  long  d u r a t i o n
exposure to null  g r a v i t y .  This issue involves potential irreversible or very slowly revers—
ing functional and/or anatomical alterations that may occur in the gravity receptors , espe-
cially the otolith organs. Such alterations could lead to perceptual illusions , ataxia ,
dysequilibrium , and motion sickness upon return to one-g. Ground-based studies may shed
light on these potential effects. On the basis of previous spaceflight data , it is evident
that cardiovascular changes have accrued as a consequence of null—gravity exposure. These
chan ges , collectively referred to as cardiovascular deconditioning, include orthostatic
intolerance , decreased exercise capacity, and decreases in circulatory blood volume . They
have been observed in all crewmembers on return to t oe one—g environment , even on some very
short missions ,

I t  has been hypothesized that exercise may be a partial countermeasure to cardiovascular
decond itioning. The Shuttle crewmembers will have access to two types of exercise devices : 4

a t readmi l l  device and a bungy-cord exerciser.  The series of events that  occur in the
cardiovascular system fo l lowing  crew inser t ion in to  n u l l — g r a v i t y , during adapta t ion to nul l
gravity, and following return to one-g are complex and only part ly understood . I t  is evi-
dent , however , that fluid is displaced from the lower extremities to the central circula—
tion.(5) It is postulated that a series of reflex and mechanical changes occurs as secon-
dary responses to this  headward f l u id  s h i f t .  The most obvious resul ts  are a decrease in
circulatory blood volume and a decreased tone in the peripheral blood vessels. During and
fo l lowing  reentry , the cardiovascular system (which has adapted to the absence of g r a v i t y )
is subjected to a one-g force. The main concerns center on the ability to maintain adequate
blood pressure and cerebral c i r cu la t ion  during these periods .

Most near—term research is directed toward prevent ing  o r thos t a t ic  in tolerance during S h u t t l e
reentry through the use of an t i—g garments or other treatment regimens.  Resul t s  from
ground—based research suggest that i n - f l i g h t  lower body negative pressure training, fluid
and e lec t ro ly te  supplementation , and /or vasocons t r ic t ive  and s a l t — r e t a i n i n g  drug therapy
may be e f f e c t i v e  in prevent ing  the problem.

To understand more f u l l y  the mechanisms that occur during cardiovascular deconditioning,
a series of spacef l ight  experiments has been proposed. S tudies  are p lanned  to measure
regional blood flow and volume dur ing  the  t r a n s i t i o n a l  periods from one—g to nu l i gravit y
and back to one—g. Continuous or rapidly repetitive measurements taken during the early
Space Shuttle flights will document the time course of the fluid shifts and the changes
in cardiovascular  funct ion  tha t  accompany them. Invas ive  studies in anima l models will
y i e l d  d e t a i l e d  in fo rma t ion  on changes i n  regional  blood f low n-

Bone and Muscle  Loss

It was demonstrated during the Skylab missions that calcium was lost during fli ght .~~~
The rate of c a l c i u m  loss did  not appear to diminish over nearly 3 mont ln-s .Tin-e n- n - al c i um in --
primarily lost from bone. Bone mineral loss may ultimately limit the t ime humans n- n - n - i n
endure weight lessness  w i t h o u t  the p o s s i b i l i t y  of  i n c n n - — a s i n g  t he  i n n - n - i d e n c e  rn - f  bin-ni ’ fr a n - n - I n-n - re .
Numerous secondary effects of this mineral loss could he of great consequ n--nn-n -i n - n- The 1 n - r n - n - -
longed elevation 01 serum and urinary calcium levels n-n- n - n - m i l d  g i v e  r i s n - -  t n - n -  rn - n -nn - ul dis t ur h a i n - n -- n- n-s
and calcul i (kidney stones). Calcium deposition could tn - ike p i a n -’t n - in in -thi n-n n-n -rgan s w i t h
harmful  e f f e c t s .

In  a d d i t i o n  to ca lc ium l in - s s , a substantial d e g r n - n - n - n -  of muscle atrophy hn - n - s occurred in spain-i- -
‘

n-n- 
f l i g h t . These changes occur in selective min-seles tn - f the lower limbs , Of concern with In - n - n - I h
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muscle and bone loss are thin- possibilities of permanent structural c h a n g n - ’  and  t h i n -  p oss i-
b i l i t y  that repeated exposure to n u l l  g r a n - - i t y  results in a progressive and irrn -’p ln -i n-’n -n -a bl n-n-
bone minera l  loss.

Current research on bin-ne and mu sclin- loss is focused on ground—based studlin-s , Prolon ged ,
enfn-n-rced bedrest is a reasonable null-gravity model for calcium studies in t h i n -  h u n i a n n -  I 

-

These studies , have made i t possible to eliminate several p o t e n t i a l  countermeasures frm n -m
further consideration . Current work is focusing upon pharmacologic intervention .

Shuttle—launched space flight experiments will accelerate work on both human and n- ’xperi-
mental an imals ,  Both inva s i n - n -e and newly developed noninvasive techniques will I n -n - n -  ui-n-i’d tn - n -
b e t t e r  unde r s t and  and , it is hoped , to prevent the calcium loss .

The approach to the muscle loss problem is somewhat differ -n-n-it . Anima l models can be
used to study atrophy in selected muscle groups. Invasive techniques are being used in
ground—based studies to understand the biochemical and enzymatic correla tes of this atrophy .
These studies may lead to an understanding of exercise and perhaps even of antimyopathic
agent s

Red Blood Cel l  Mass

The most significant effect of the space flight environment on the blood and blood— forming - -

t issues of man has been a consis tent  reduct ion in the c i r c u l a t i n g  red blood cell mass during
all flight intern--als. Da ta f rom the Sky lab flights indicate that the high oxygen leve l
used in earlier vehicles is not the cause. It appears tha t some other characteristics of
the space f l i g h t  environment causes a suppression of red blood cell producti n -n-n-nn-

Research tasks are directed toward understanding why red blood ce l l  production is suppressed
in space f l i g h t .  Of equal interest  are the associated changes in ce l lu la r  shape , overal l
metabolism , and membrane funct ion . -

Deta i l ed  human studies invo lv ing  ser ial  sampling in f l i g h t  and de ta i led  a n a l y s i s  on the
ground w i l l  be . pe rformed on Shu t t l e  missions . In addition active experiments involving
rad ioac t ive tr acers and t issue samples , detailed examination and study of bone marrow , ‘

~spleen , and lymph nodes w i l l  be conducted on animal models .  Current ground-based work
is examining possible models that would be appropriate for such studies .

Fluid and Electrolyte Changes

It has been demonstrated that exposure to weightlessness results in a redistribut ion of
the volume of blood w i t h i n  the vascular system. This redis t r ibut ion is interpreted as an
increase in blood volume by sensory receptors located in the heart , thus initiating a com-
pensatory loss in water , sod ium , and potassium from the renal tubules, This loss of water - n- n-I
and salt has been manifested during every space fli ght as a loss in body weight , most of
which is rapidly regained postflight .

Associated with the redistribution of fluid is a series of endocrine and hormoni- changes.
A coordinated plan using ground-based and fligh t experiments has been developed to address
the fluid and electrolyte concerns. Because the onset of fluid redistribution occurs im-
mediately upon entry into the null-gravity state , the Spacelab flight experiments are
designed to gather data from the earliest moments of weightlessness. In addition to docu-
menting the natural history of the many known responses , attention will be paid to the corn—
plex array of secondary hormone and endocrine responses that appear to be initiated.

Reentry G-Forces

I t  should be noted tha t  previous Un i ted States manned spacecraft reentries have been per-
forme d in such a manner that  the majori ty of the g— forces were in the X—vector . In past
space flights , this meant that during reentry the blood did not have a tendency to pool in
th e legs . During Shut t l e  f l i g h t s , reentry  w i l l  be made such that  the crewmembers will - -
encounter a f a i r l y  long—durat ion  exposure (20 minutes ) of low-level  + 1 . 5  to +1 ,8  g before
land ing. It is possible that a combination of the cardiovascular deconditioning t~ at n-n-ccurs
fairly early in the null—gravity space flight will result in some of the crewmen or passen-
gers becoming hypotensive during reentry in the Shuttle with a positive 

~~ st ress . As a
result of t h i s  cons ide ra t ion , it has been decided that during the OFT phase of Shuttle
operations all crewmen will wear anti -g suits during reentry .

The NASA is currently conducting a series of bedrest s imula t ions  of a 7—day S h u t t l e  miss ion .
In these tes ts, a centrifuge is used to simulate the reentry gravitational stress profile
o f the Space Shuttle. The subjects were placed in two groups. One group was exposed to
the nominal Shuttle reentry profile (a t  least as far as g r a v i t y  is concerned ) on the cen—
trifuge and the other group was exposed to the nominal Shuttle reentry pr - n - file with an
anti — g suit inflated.

Prelim inary results of these studies indicate that , with the leve l of deconditioning pro-
duced by bedrest , the subjects may tolerate the l .5g profile with or without the ant i- g
su it. However , the anti-g suit does offer protection if the g- huads are increased above
2 .5g. Although bedrest remains one of the best simulations of the null-gravity exposure .
it is far from perfect. In fact , the cardiovascular changes noted after bedrest are often
somewhat different from those noted by those who have experienced null — g r a v i t y  sin -n -n -ce flight .

_ _  
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T in - in - r e f o r m — , i t is  n- ’ - n - u u n --n- u n - l i - i - n- ’ n - l  u u n - - n- ’ n - ’ s sn -u n - - n -n- I i i  tn - n - in - i n -’,’ i n s t n - n - h n - n -- i n - s  h i  n-~~~~ n-~ n - n - n - 1 n - - t  n- ’ ! - i t i n - ’ n - u l t n - ’~- t  i n g  i n  f l i t -
n - n - j n - n -’h n - n - n - t  t ona l  t’n~ - i  h— n - n - It F i n - t ’ n t  h n - n - n - n - s s n - n - i n -n- ’ t i n - n - n - h n- n - O n - n - l O s  ~ on- is  n - i n - n -n - n - n - i n - n -  n - u n - - n- ’ ~‘al u d

Th in- N A Sn - \  i,s n-n - ens  n- n - t i n - i ’  n- n - i g t in - n - n -  I nvi ’s I t g n - u  I i n - - n - u  o f t i n - n - ’  i n - i n - s’ s u ~ ~ I ~ ~: i n - n - n -  1 i n -  I f i n - n- ’ t n-- e I n -n -n h i —g n--n - u i t s
d i n - r i  n g Sin -ut  t Ic ri-t n -n - n - t rv  . I n - ui  in- i ng  t h t s t in -s t  , n -n - l’i n -im’nu i —nil n- i n -  i’s i n -  t t n - n -  - r t ham - t t i e  p i 1 (it ahn - d c o— p i  I t n - I
S i  I I be used n - u s  t i n - s t  s n - u l n - j n - n -’t s , E n - in -n - h  s u b je c t  w i l l  - - - n - n - - i ’  v i -  n - s  h i s  n - r  i n - i n - n - n -  own n- - n - n - h  m u d  t n - n -’a us n--
t h i n- i-z —- t n - i n - - r n - u f ln- ,’n -’ ~ :n - n - n - h in -s g n i ’ n - n - t l~ ’ h u i - t w e t ii i n d i v i d u a ls ,  E n - n - n - n - h  s ut , j n - ’ n- ’ t  wou ld  t n - n - ’  n - n - n - u n i i n - v n - i n - n - n - i v n - ’ l v  I
in s t r un n -en t e d  t n - n- pe n - n - an - i  t q u n - n - i n - t  i t n - n - t i n - n - n  n - n - I  n - e m - h a u n  ~- i t n - n - l  p l n - y s i o l n - n - g i c u l  pa r ann - et~~i’s din - r i n g  S h u t  t I n - ’
rein-n t r y .  The p i n - n - n  (‘n - i l Is  f o r  n n - n - n - n i t o r i n g  t h e  i ’ i n - ’ - t r n - n - n -- n - t r d i n - i g r n - i m, t emp n - n - r z n - l n - i r t i ’ r n - i a l  b i n - n - t n - n - I  t i n - n - n - n -
tn - r n - n - c u t  n - n - I a r t e r y  i n - r n - - s s u l ’t -  n- and  n - m t  i — g  si- i l  t b l  adder  p i’ i -s sun -n -n -’ s . I t is an t  i n- n- i I n - n - u t ed t h a t  t I n - n - n -
rn - n - s n - u  I t s in- I t h  i i--n- s t  tid~’ d i n - r i  r ig I l i i ’ OFI’ l n - h n - u s e  n - n -  I Shut  t I n- ’ n - n - p i n - r n - u t  i n - n - n - u s  sh ou I d n - n -n swer  t h i — n - i n - u i ’ s  t i n - i n
wh t ’t h er  n - n - h n -  not  n - i n - i t i — g  sui  t n-n-n- n eed t n - i n- wo rn  d u r i n g  Shut  t le r e e n t r y .

!Iiui i_i n - f ion Sa fety

The N n - I Sn - \  i n - n - n - s  hn - n - d  f e w  p rob l i n-ni-n - a i t h  s i n - n -n - n - c  rn - i d in - i t i on exposur i ’  i n t he pas t . As an in -x n - inn - p l  i n -

t tn -c n- n- v i  i’:u n-Z i ’ ra d i n-n- I i n - n - n - n -  dose f n - n -  n- n-  c i’ewrnenn-bin -i’s on Apo 1 1 o nn - i sn--n - j ons a n-n- n-
~ n- r n - i  god abou t 0 . -I i’ad n- ( ‘ S

Tb i s I 5 in-~i fi rox i mn-n - t e I y equ i va I t n - n - i t  t n - n - t hi’ cn -n - smi  c radi  a t ion dose expe r i en-iced ln - y  I’ . S . c i t i .‘n- - n- is
I i V i ng n - I t 2000 m n-n - 1 t i t odin - I n - n - c  n-I pe r  i n -id o f 2 y in - a l’s . ( ‘ r ews on -n - t h e  Sky in - n - b  m l  ss i ens  a I so in - n- - —
c eiv i ’d  m i - n - n- mn -u i n - i n - n - s i n - s  n - i f  in- n - n - d i n - ut u n - n - u n -, fo r  ex a mp l e , i t i s  c n - u l c u l a t e d  t h a t  t i n - in- Sky lab  ‘I crewmen
co u l d  f l y  one 84—day miss ion  n-n- year  f n- n - ’  50 y en - l i’s b e f o r e  exceed ing  t he i r  ca reer  I i m i ts ,
The N n -’¼S~l n- n - a r e e n - ’  1 i mi  n- s du r i  ng Sky 1 ab we i n -e 400 rem for  b lood— f o r m i n g  n - n - h ’ g n - n - n s, 1200 in -cnn - l or - 

-
s k i n , a n - n - d  600 rem f o r  i -ye l e n s .

The obju ’i,’t n - V t ’ of t h i n -  JSC Rn-id io ln - n -g  i (‘UI  t i n - n - n - i  I t  In- Pr ogran i  is tn - i  n - u v n - n - i  d tin -v In - an - n -n -it ful n - n - I  t i c  is  of
r n - u n - I n - n - i t  j on - n -  in- l i n n - i t  i n g  t h e  n- n- X i n - n - n - s n - un - n -t n -  t n - n -  t h n - ’  I n - n - a n - n - s t  p o s s i b l e  I n - - v o l .  Li - vt - I s  t n - f  ex p o s u in - in - n - n - li
t h e  g round  are to  i n - i n -  c u n - I n - s i s t e n t  n-u l b  in d u s t  r i - n - i l ev n - ’ l s  c o n t r o l l e d  by t h e  N u n - l en-n- i’ R o g u l a t n - n - r y
Commiss ion , an d space r a d ia t  j un -n - s  a f f e c t  i h g  t i n - c  crew an - i d  o t h e r  s p n - u n --e worke r s  s I n - n - u l d  bin- neg—
1 n - gib le in I i’rms of sig n - n - if in - ’n - unt bio ln - n - gica l i-f ftn - ct s n-s defined by the Nat i n - n - n - n - a l  A c a d e m y  of
Sc i e n c n -’ - To n - n - c l — ie  vi’ i h ost’ goa ls  n-’ n- ’qu i ri-s n- - n - n - n - n - s  t n - n - n t  n- ’n - n - n - n - r di i n - a t  in - n - in -  in - ct  ween t in -c rad i n - n -  I n - n - g  i (n - n - I l
h e a l t h  c h a f f , s p a c e c r a f t  designi-h n - s , mission planners . an-n-d pein-sn-n-ns exposedto radiation -n -.

Unique aspec t s  n - i f  space r a d i n - u t ion ( h i g h — e n e r g y  p a i - t i c l en - s )  r e q u i n - ’i-s t in - a t  t i n - c  NASA s u p p o r t
n-n - c n - n - i n - t  i n u i ng r a d io hi o l o g i c a l  i ’ en - -n - n - n - arch  el’ f n - n - r t  i n  t i n - i s  a r e a .  Th i s  r e sea r ch  i s  c o o r d i n a t e d
iii lb n-n -th o r Federal agencies having pr cn -in - lenn -s of a similar nature .

A s t r o n n - n - t u h s  w i l l  c n c n - n - u n - n - t e r  n -n - wide variety of ion-n - izing rn -n-diat in -n - nc in - n - spn -n - ce , Tin -c p n - n - t c n t i a l
f n - n - i n -  h a r m f u l  t n - i  n - n - I n - n - n - d e a l  e f f e c t s  f r( i m these  r a d i a t  ions depends upon the bi n -n - logically et i’ect ive
dose , w h i c h , in turn , depen ds en-n num en n-n-n-is f n - n - c t i n - r s

A com p u t e r  program has been deve l en-p ed w h i c h  m i n - de l s  t h e  expected miss ion  dosn -n-s from major
sn - n - u r c e s  cud - as t h e n -  electrons ami d p r o t t n -n s  i n  t h i n -  t rapped r a d i a t i o n  b e l t s  and t h e i r  sec~ n- n—
d n - n - r y  B r em ss t r a in - l u i . n -g  ( X — n - - a y s )  p r en -duced  in s p a c e c r a f t  c o m p o n e n t s .  O tt - e r  m o d e l s  p r o j e c t  t I n - n -n-
expec ted  doses Iro n- n -n -  solar parti eli n- events if some infoin-mati on about the size un- hid character—
i s t i n -n - c  n - n - f  t i n - i n -  event is known short l y afti n -r its onset , It is not in - t  pn -n - ssib le tin - predict
the in - n -n-cn-lrrence of n-n- solar part i n -n - l i ’  e v en t  , in -u t  n -he probability n -n - f one occurring is cn - n - lcu—
lable, Additiona l models are used for proiecting the ma in-n -n fr-n -ct in - i n of ti n - c dose frn - m
gaiact i n -’ cosmic radin -it ion for pn -ur ti cular missions at particular times in the sunspot c y c l e,

Because of the uncentaint in--s in the existing models , the i’adiolog ical heal th strategy doin-s
not rely solely tin calculations; onbn-n-ard dosimetry is also required. Onboard thn-si metry is
provided fur the fn-n-liowing reason-is : (I) tn -n - v e ri” v projections , (2) to refine computer
models and projections , (3) to obtain a c c u r a t e  d o s i m e t ry  f r o m  u n e x p e c t e d  ( a n d  pon- r l v
modeled) events such as (a) solar particle events , (h) nuclear detonations , (c) :~ n-cidentaI —
releases of radioac tive material , which may be used in payload experiments , and (dl leakage
of rad in - n - tin - in from n-inbiiard sn - n - n - n - rein-s ( n - n- , g n- , radioactive thermoelectric general n-irs , nuc len-n-i’
power reac t ors, sealed sources used in e x p e r i m e n t s , radi n - n - lumi n - n - n - ’sn -n-ent devici- s, cii’ .).

Not on l y  a re  dos imete rs  needed f o r  u n e x p e c t e d  e v i n - n t  s and yen  f i c a t  ion -n - and rn - n - f i  n -n - en t en l  of
modeled dose projections , in-ut they s in - r ye  n -n - s p a r t  of t i n - t n- medical recen-rd n - n - f  each n-n-st ronaut
and thus are useful In evaluating the contribution-i of nadiat ion tn-n - n-n -ny fut ure bin -n - n -I th
in- robiems .

F n - n - r  OFT f l i g h t s , t h e  expected dn - n- i-n- n- n - s  an d di n - sn -’  equ ’n - v n - i l e m n - t s  w i l l  hi’ q u i t  i n -  ln - n -w ((li’sc than 10 m
rem ( 1 rem) b a r r i n g  n -n - n -n -n - evi n -re s n - n - l a  r p n -  n- ’t  in - n - l i ’  n - n - y i n - n - n -  t ) ), so In-s i n - n - n - h  in - n - n - I en-i l n- n - t e d  spect  n - n - n - i l p a r -n -m et  n -n-i’s
w i t h  m i n i  ma I in-nboa rd dos i nn-v t ry and  n- n- n - n - n - n - s n - n -  rva I i  vu ’ as sumpt  i n - n - i n - s  f n - n - r  n -n - l i t  n-n - i n-n - i ng  n- i w n - n - i ’ s t —n -n - n - n - sn - n -
i- s t  t mn -i t e- n - f  dose t ’n-i t i i v n - h l i n - i n - t s  w i l  I be a d t n - q u n - I t t ’ fn - in  i ’ n - n - d i n - n - l n- g i cn-n- l t i i n - n - i l t t n -  a n - n - d  a - i l l  n t n - t  sin -v n - n - i n -t n - l v
n - n - f fec t hudge t I n -n -g n - n - f  n- n- n - i i’~’i n - r  din - sin- equ I \‘ n - i l i - n - n -  t s -

N ois i -

In-uning the ‘l p i l l o  P rogram . n-n - s i n - n -n- n- n - i n - il study an-n-s imp ii’nn-ent ed by .ISC’ l i f t ’ s e n - i n - n t i n - i t s  t n - n -  i ’v n - n - I u —
n - i t  e qtn - an  1 n - t n - n -h I n - t n - I  v t h n -  i n -f f.n- n- ’t s of 1 i n - n - n - n - hr mi n- du  I e n un - i su n- tn -n n- n- r t -n-w ci i ’n - ’1 n -  n-i nd tn-in-n - n - ri mn-g . Dun i in -g t i n - i n -
Sky lab  Pr -n -gram , l i f e s n - i  i n -In - in -e n -s in - t n - i ’ son f lt -  I w e r e  in - c t  i vt- I y i n v n - n -  I ~‘in -d in - n - spin - i’ i f y i  ng no i sn - n -li nt i t s
f o r  t h e  Sky lab workshop , mn - n - n - n - It n - n - ring n- n- n - n - i n - h in- n - i n - h n - n - c  n - n - n - ’ t i n- i t  i t’s pen - ’ t n - n - i n  i i n - g t i n -  sp :in-n- i n -n -’n- ’n -a f t  n-~i’ti t i n d —

i n - n - n - s n - -n-I I n - n - n - i s tn- testing , 1 n - n - Il’t ~~n- n-
~~ In- n - it I ng In n - n - c t  iv i t  i t ’s i n - n - v n - n - I  v i ng t i n - u n -  n - n - c t  n - n - al col Io n -n - h  in - n - n - i oh i n —

flight noise data . n - n - n - id n- ’n - n - l  h - n- n - I  i n g t n - r n - n - f l i g h t  t m m t - d h a t i n  -post  f l i g h t n - i u d i n - n - g r a m s  n - n -n-n- t h e  e’ re wrnn -n -n
on each mission ,

On I he n - basic n - n - f  d a t  n-n - p r ey  i i n - u s I y n - n - in - qi n - I red , i t  is known tin - n - ut , a i t  ii n- i ft ’a- nn - i  n - n - n - n - n  tn-x n - t ’p h I n - n - n s
t h e n -  n-’n - p n - n - I  lo n- n - n d  espec t a l l  s’ t he  ~kv I at— s t n - :n -  n - i n- n- rn - i  f t  i n  I in -n -’ na I O n - l i s t ’  i n - n - n -v i i’m - n - n -m e n -n Is w i n - r u ’ mm- i t  i n - i n  
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n - u n -’ c & ’ i n - t  n - n - i n -  to 1 i n t l  t n--n- . ‘l’he unib i n - n - l i t flo ~5n-’ i) i ’(n -se n t  in  t i n - i n - s i n -  n - - i n - t n -  I c I n - s  at  no t n - t i m ’  p r e s e n t ed  a
b a r n - an d  t n - i  t he  crewmen ‘ s hea r i n g  and  s n - h  n - I n - n - n - n - n -  i n m t n - ’ n - n - t e r e d  w i t h  t i n - i ’  c r ewm en - i  ‘ n-n- a b A  1 i t y t o  n- t t n - - n - - —
I I V t ’  I y i- n - n - n m n - i m n - n - i u’a t c  , p i - m ’ f n - u n - ’ n n - , n - n - n - i d  obt  n-n- i nn- adequate’  s l eep .

I n - r n - n -s n - - n - u  I iy i n - s t  i inated Shu t  t I in -  no m si n- I n - n - y i n -  I s , p a r t  i cu l  a n y  t In - o~~i’ an t  i c i p a t e d  f o r  t h e  OFT phase
u r e  h i g i n - e n - ’  th a n  t h i o s n - -  s p m - c i  l i e d  by N A S A ,  Tin-c d e s ign  l i m i t  f o r  S i n- u t i l e  n - n - n — o r b i t  a c o u s t i c a l
i n - n - n - s m  i s  n- u i n - n - n -  n - s m -  sj o - c  t r u m  i n - q u  i va l i - u t t n - n -  t i n - n - ’  NC—50 len - -i- I , ( 8 )  The N C — S O  u n - v t ’  I , which defines

a group  of o c t av e ’ — b a n n - l  s n - n - n - u n - n - d — p r n - n - s s n - n - r m ’— l m ’ v e l  l i m i t s  f r o m  6 3 .5  to 8000 liz , is t h e  upper  l i m i t
f i n - n - ’  s p a n - - e ’ c n - ’ n - n - t t  a n t b i e n -n -t noise . I t  is i m n p n - n - r t a n t  t o  understand that the NC—50 leve l is approx—
in on- t en - ly n -n -qu iva ln - ’nt to 55 dBA. The A-weighted sound pressure l e n - n - e l  w i l l  a lways  be approxi-
m a t e l y  Fm dB higher than the specified NC level. When dealing with sound that a f fe c t s
humans , t in-tn- A—weighted levi- i is customarily used because it takes into account the physio—
In - i~ ica1 u ilteri i n -g and sound transduction properties of the human ear.

‘I n - i n - i ’ p r en -j ec t e d  no ise-  levels tur the first OFT crew module will be about 82 dI3A in the mid—
deck area and 73 dRA on t h i n - n -  f l i g h t  deck .  These levels  are approximately equivalent to NC—77
and  N ( ’ -G h , respect i v n - n - l y ,  F u r t h e r m o r e , t h e  p r o j e c t e d  noise spectrum peaks at 2 KHz , which
n- s in the most sensitive region of the human auditory system. The noise levels projected
for the Shuttle OFT mission -n-s have a definite potential for causing detrimental physiological
e f t t ’ct s  on at least some crewmen.

Using t h e n -  best available sources of information , it has been determined that continuous - - -

exposure t n -n - noise levels greater than 76 dBA for periods longer than 24 to 48 hours could
en-n-use permanent damage in some individuals . Thus , 82—dBA level projected for the Orbiter
middeek area represents a problem .

To mm-n - h - em- t h e  S h u t t l e  OFT on—orbit noise to acceptable levels , several actions are being
pursued , These i nc lude  the  design and f a b r i c a t i o n  of foam-lined equipment mufflers that
could be installed in the vehicle before the first OFT mission , the use of sound—attenuating
m a t e r i a l  in the sleep compartment curtains , and the covering of openings in the avionics
bay and other areas with easily removed noise—attenuating n - n - patches .”

A l l  these eng inee r ing  f i xes  to  the vehic le  hardware  are very h i g h l y  des i rab le  and every
reasonable effort is being made to implement these corrective measures. They are much - -
preferred as compared to requiring the crewmembers to wear some type of hearing protection
device (eg. , earplugs or muffs). Hearing protectors , even if  properly fitted , can after
a per iod  of prolonged use become a source of discomfort and may , if improperly designed , )

interfere with the receipt of important auditory information.

Shuttle Atmosphere

The Orbiter and the Spacelab will have a 10.1 x 1O4 N/m2 (14,7 psia) environment with two—
gas controln- (9) In tin -is regard , it will more closely approach a sea—level laboratory
environment than prior U.S. spacecraft . The life scientists specified a two—gas Earth—
pressure environment particularly for the medical experiments. Eng ineering considerations
also favored an Earth-normal environment. Pressure affects the heat capacity and viscosity
of gases and thereby affects the performance of fans in the environmental control system
and the cooling requirements of electronics in general ,

Oxygen partial pressure in both the Orbiter and the Spacelab will be 22 x ~~~ N / r n2 -n-n- 17.2
x 10 2 N / r n2 (3.2 + 0.25 psia), a variation considerably greater than that due to changes in
atmospheric pressure at a sea—level laboratory but providing a higher oxygen level than
labora tories at higher altitudes .

The carbon d i o x i d e  p a r t i a l  pressure  r e q u i r e m e n t  for  S h u t t l e  is 0 to 1.012 x lO~ N / r n2 (0 to
7, m mm Hg) with n- nominal value of 6.6 x 102 N / r n2 (5 mm Hg) stated as n o m i n a l  f o r  t h e
Spacelab . This level is consistent with levels on prior spacecraft. 

—

The temperature w i t h i n t h e Sh u t t l e  w i l l  be s e l e c t e d  by thermostat + 1 , 1  K ( 2 ° F) within a
range of 291 to 300 K (65° ten- 800 F), Temperature control has been acceptable on prior
spn-n -cecraft. However , the Shuttle temperature contro l will represent an improvement and
will compare well with tin-c temperature contro l of any well—designed air—conditioned office
building in- r general—purpen-se laboratory. The selectabi lity of temperature in Spacelab will
allow optimization of the temperature environment and may he used to provide reliable
+1 .1 K (2~ F) controlled ccn -nd it ions within 291 to 300 K (65° to 800 F) range for specific
experiments.

The permissible humidity ranges a r m ’  8 .0  to 102 Nfm 2 to 18,6 x 102 N/rn2 partial pressure
of wn -u t i’r (6 to 1-I mm H g ) t n - r  i b m -  O r i n - i t e r  and 9.3 x 102 N / m 2 partial pressure of water
( 7  mm H g )  to  70 p e r c e n t  ri n- l a t  l vi’ humid i t y  for Spacelab . The humidity will not be directly
cont rcn- l lab Ic.

Thin -air motion requirem ents for Shuttle are 8 rn /mm (25 ft/mm ) and within a range of 5 ten -
12 rn/m m (15 t n - n -  40 ft /mm ). Tin-c n - tin - sn - -in -i - n- ’ of free cn - n - nvn - n - n --tion in null gravity imposes a
n-’hange in the i-nvir n -n -n rn ent that i s  not Spacen-’rafh controlled , The minimum air motion w i l l
p n - n - v i d n - n  -forced n - n - i r  mot in - n - n near that provided by free convection .

Extraveh icular Activity

Because of experience with extraveh icu in -m i- activity and the usi-ful ness of F V A , t h i s  capa-
b i l i ty has t n - t n - i - i n -  retained in the Space Shuttle Program and refers t n - n -  a e n - t i v i t  ii’s for which
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crewmembers don t h e i r  s u n - n - n - ce  s u i t s  and 11 fe s u p por t  sy stems  and then  ex i t  th e  O n - n - t m - i n- c n - h n - i n
to penfornu operations inside or outside the payload bay. EVA may be categor izn-n-d n-us f n - n - Iln - n - w n - -n -:
planned before launch; unscheduled; and contingency , required tin - e f t m n - e’t t h e  s a t , ’ rn -n -turin - n - n - i
all crewmembers n- Current planning calls for each Orbiter mission to provid in - thu n - ’ n-~ uiprn i ’nt

and consumables required for three two-’n-n-an EVA operations , each lasting a maximum of ~
hours n- ( 1 0)

The airlock prn -n-v ides the means of transfer from the shirt—sleeve enn--ironment of th n - - en - ub mn - n-
to the n-n- - a c u u m  e n v i r o n m e n t  of space and contains the pressurization and depr es sur izat in -n -n
systems necessary to effect such a transition . The airlock is removable and can be instaUed
in one of three different Orbiter locations , depending upon the payload. The basic’ air-
lock location is inside the middeck compartment to permit maximum use of the payload bay
volume . An extravehicular mobility unit , consisting of a self—contained life support svst~~in- ,
provides a breathing environment at a pressure of 2,76 x io~ N / r n2 (4 psia) and incorporn -n -tn -n-s
provisions for internal liquid cooling, communicates equipment , special EVA helme t visor
protection , and external restraint and tethering fittings .

Extravehicular activity must be preceded by an uninterrupted 3—hour period of prebreathing
pure oxygen . Prebreathing pure oxygen for 3 hours is required to assure dein-itrogenation
be bn -’ m c- operating in a 100 percent oxygen environment at reduced atmospheric pressure. For
example , if no prebneathing period were included before the EVA , the occurrence of serious
bends w o u l d  be approximately 30 percent depending upon the individual and the EVA work  l eve l,
It is also essential that the prebreathing period be uninterrupted; that is , that the sub—
j u n - c t  continue to breathe 100 percent oxygen. For example , a 1—minute break close to the
3—hour mark in the prebreathing cycle would require a 30—minute “ p a y b a c k ”  t im e  sn - in -n -tn - t h a t
egress would not occur until 3 hours and 30 minutes had elapsed. However , n o r m a l  crew
procedures anticipate about 15 minutes from donning of the helmet to depressurization .
If the suit purge began at the 3—hour mark , a total of 30 minutes (i.e., an additional
15 minutes ) would be required befin-re depressurization . It should be noted that complete
pnevention of the Incidence of bends in an unselected population during an operational
depressunization from 10.1 + 0.1 x lO~ N / r n 2 (14.7 +0.2 psi) cabin atmosphere to a 2. 76
+0.1 x lO~ N / r n2 (4.0 +0.2 psi) suit environment would require prebreathing t i m e s  m n - f  fr cn -nn -
10 to 12 hours . The 3—hour value that was established as a Shuttle specification assumes -~~

that the crew will be relatively bends resistant. The factors that lead to  being resi stn -mn t
to bends include having a ln-n -w fat to lean body mass ratio , being in good pin-ysical condition ,
and remaining free of bends symptoms during altitude chamber training. It is further
assumed that EVA metabolic rates will not exceed the moderate levels experienced during
Apollo missions . The 3—hour prebreathing period that is scheduled for Shuttle EVA provides
a 95 percent cun-nfidence level.

The following typical EVA tasks demn -n-nstate the range of EVA opportunities n-ivai iabl e - on
Shuttle: n

-

Inspection , pho tography, and the possible manual ovi n -rrid m of vehicle and payload
systems , mechan isms , and components

Installation , remova l , or transfer n - n - f  film cassettes , material samples , protective
cin-vers , instrumentation , or launch and reentry tiedowns

Operation of equipment , including tools , cameras , and cleaning devices

Cleaning of optical surfaces

Connec tion , disconnection , and stowage of fluid and electricn -n -1 umb ilin -’als

Repa i r , replacement , and calibrat ion of modular equipment and instrum entatin -n - n - n - on
spacecra ft or pay loads

Dep loymen t , retraction , or repositioning of antennas , booms , and scn- i:n-r panm n-ls

Attachment and release of crew equipment restraints

Performance of experiments

Cargo transfer

Wi th the manned maneuvering unit , a propu tsivcn- backpack device , an EVA erin-wrnn-in can reach
areas beyond the pay load bay which he con-n-id not reach otherwise. ‘In-he unit , a modu ln -n -r devie’e
stowed in the pay load bay and readily attached to the extravehicu tn-ur mobility unit , en - n - in - be
donned , don- fed , and serviced by a sing le crewrnember as needed during tiic n -EVA period,
Because the manned maneuvering unit has 6-degree-of—freedom contrn -n - I authn - n - i’ity . an n - i u ttn - mn - n - t i c
altitude—hold capability, and electrical outlets for such ancillary eqn -n-ipm ent as power t n - n -n- n - is,

a portable light , cameras , and instrumen -n-t—m onit oring d e vi n -’eu : the un - n - it is quite vt n -r s n - n - t i ii
and adaptable to many payload task requirements.

Tox i c o l o g y

Space tox ico logy  focuses on e n s u r i n g  t h a i  t h e  space crew i s  O n - n - I  m n - x t n - n - n - s m n-n-i t n - n -  n - n -n v  t n - n - i n - i n- n- t i n - i n- n - n -u r n - I s
w h i l e  on a miss ion .  The major areas of concern are t h e  a c c u m u l a t i n - n - n  of t n - n - x i c  s u l n - s t n - n - n n -- m -s
t h a t  are e m i t  ted in  t race levels  by v n - m r i  (n - tn - s  s u bs t a n m -es in  the sp a c e c m n -n -  ft n- n-i n n-I h n - n - g m ”~I i n - n -n - n -  n - _ f

L 

tox ic  substances c o n t a i n e d  in t h e  d r i n k i n g  wa te r  system , In practice me ’astn-n- n-s n - n - si n -n - I  t n - n -

ensure crew t o x i c o l og y  p r o t e c t i o n  are p r e v e n t i ve  i n  n a t u r e - n- A spacm n- n- ’raf t “n-n - h , ’ r i a l  si ’len-’I n - o r

—~~~~~~ 
-- 
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p r n - n - g m - u n - n - tn - n - n - s  be n -n -n  m ’ ~n-- it  abl i sh in -d i n- r t h m -  I ) u r l ) n - ) s u -  n - n -  f i n -  - d u n - -  i n-~ . t h m -  etuan  t i t y o I n - n - n - i n - t i m -  t a I I i m~’
:n - n - n - t n - ’ i - i a l s  n - t c i n - - I ) t a l ) l e  t n - n - i  s I n - : t~~m - ~ 1 n - g u t n- : n - r t i ( - u l n - n -i n - l y  t h i n - s n - -  t h a t  c n - u l d  n - u -  s e m i - n - u s  o f h g a s s i n g
sou t ~ - n -s , \ t n - i~~~cn - i n - i a i  n-sd - n - i t  ion -I p rog rams  ‘ n - u i’ e i - n - n - n - n - n - h n - n - n -- t n - - d  n-o n -  t n - n - t i n -  t h e  O r b i h n - ’ r  and  t h u  S l i a n - - m - l -~n- b .
R m ’ qu i r i - r n - n - - u  In- S ~ n- ~ n- t h e ~n - i n - n - g r , n - l n - n - s n -  n - n - m  n - n -  eon t n-n- i ned i n-i N A S A  Han -idbo ok  8060 . 1 A n - n - F I ammabi  I i t y n- Odor ,
n -n -n d Ot  tg ass  ing  h t i - i i u  i in - i -m e n t s  ai n - d ‘I- est l n - r n - n - i-u - du r e s  f o r  M n - m t m ’ r  i a l s  i n  E n v i  m c m n m e n t s  t i n - a t  S u p p o r t
(‘om in -us t  i n - n - u n -  ~ 

n - n -  Ma t m - r i  n - u I s  I h a t  t n - n -  i 1 t hn - m sn -  u- n - - ( l u i r e m e n ts  arc ’  St i 1 1 n - m n - l t d h n - u r  sp u n - c u -  f ]  i gh t  use
and sin -c handled individua l1~ - under a provision kin - n - n - w in- n-us inati-r ials-usage n- agreements , This

- 

- p ros  i s  i n -n - n - f l  a l l n - - w s  a c . l n - n - s m - i -  t n - n - x i c o l o g i c a l  a s s e s smen t  of  n- u g i n - u - r n -  r r u a t e r i a l  ,

The N n - \ S A  ‘I’n - > x i c’o iog ~ ’ L a in - on - n - at n - n - m y  is p r ov i d e d  w i t h  a s amp le  o h  t i n - n -  c n - u n d i d u t e n -  r n - n - n - n - t e r i a l  and a
t h o r n - - i n - g i n -  a n a l y s i s  01 i t s  t o x i c  p r o d u c t s  is p e r f o r m e d  N i - a r  ~h n - e  cuan -p i m - t i o n  o h  t h e  S h u t t l i -
Orbiher , n- n - s p e c i a l  o f l g n - n - s - s n - n -g t m - s t  is p e r f o r u n - i n - n - d  in  w h i c h  all n-inboard n - - qui prnen t is brought
to  in -~n - i r n - u t i n g  t e m p e r n - u t u r e  and  a s In -me t al measurement n - n - r the o f f g as s i n g  of t h e  .spac ’ n - - c r a f t
mn-n-t u -mia ls i s  comp lm ’t m’ d . During these offgassing tn - ’stn -s, t h e  Orbiter c a b i n  is c lo sed  so t h a t
no exchangu- of a i r  is p e n - r n u i t t e d  w i t h  t h e  o u t s i d e  atmosp he re ,  A l l  p o s s i b l e  h e a t - p r o d u c i n g
n - n -q u n - p m e n t  is i n - n e r m d .n- n - - d  b e f o r e  t h i n -  b e g i n n i ng  o h  t i n - n - -  test period , The t e s t  is conducted with
a maxima l n -ur u ou n t  oh flight equipment onboard t n - n - c- vehicle, The Shuttle In - t n - -  n-supp n-,rt system

— or e nv n - rmn - nm ent n - ul n- n - n - i t r n - n - i  s y s t e m  is a c t i v a t e d  d u r i n g  a p o r t i o n  of  the t i - S t .

In  n - u d d i t n - n - u u  to  s p m - c i a l  m a t e r i a l s  t e s t i n g  and  f u l l  t e s t i n g  for the Shuttin - - . thi- NASA Toxi—
col ’g~ I r n - - g  n- - am p m n - n - v i d e s  the maximum permitted concentratin -n -ru levels of contaminant gas for
O r b i t e r  d e s i g n , The e n v i r o n m e n t a l  c o n t r n - n - l  s y s t em C o n t a i n s  a l i t h n - i u m  h y drn -- x id e canister for -

~~~

n - h i -  n- - n - n - r i t r n - l and s c r u b b i n g  of ca rbon  d i o x i d e  f r o m  the  C a b i n  a t m o s p h e r e,  i n  a d d i t i o n , a
cat n-n - l~~tic oxidizer has been added to the eruvironmentn -n -l contro l system for tin -c ru -movn -u l n - n - i
carb on - n - monoxide.

Special cons i deration is given to the compressed arid cryogenic breathing gas supp lies fin - n - s n

on the Shuttle. These gases are screened to assure that they do not Co r n -ta n - n ex cn --s sn -ve
l m n - v e i s  of  t r a c e  contaminants.

Cn -n -ntaminant gases produced by pyrolysis or combustion of nonmetallic materials is ~ery dif-
ficult to  predict. If a problem on the Shuttle develops in which a fire is sn-’—n -pected , the
crew immediately dons a mask that provides access to protected contaminant-fl-ce breathing
g n - n - s .

During space flight , gas samples will be taken at the beginning, middle , and end of the
mission . The absorbent trapped samples will be c o l l e c t e d  i n - n - f l i g h t  an d ana l yzed on return
to the Earth. In later missions , the Space Shuttle may carry a trace gas analyzer that will
p r o v i d e  r e n - u l — t i m e  i nf o r m a t i o n  concern ing  onboa rd t r ace  c o n t a m i n a n t  gases , Common component
t r a c e  gases found  in  s p a c e c r a f t  e n v i r o n m e n t s  i n c l u d e  ace tone , ammonia , benzene , b u t y l  alco—
hol , and carbon monoxide .

Food and Nutriti on

Initially, concern existed for the mechanics of eating and eliminating in weightless fligh t.
The space flight experience of American and Soviet pilots largely has dispelled these fears ,
Indeed , their observations validated t h e  p rev ious  f i n d i n g s  of aircraft experi mn --nt ers fly ing
p a r a b o l i c  m a n e u v e r s ; t h a t  i s , t h a t  p h y s i o l o g i c a l  m e c h a n ism s  ol  food i n g e s t i o n  are  not  ve ry
s e n s i t i v e  to g r a v i t y .  Although the absence of gravity restricted t h e  choh’e of some foods
and constrained the design of packages , once food was in t h e  m o u t h , t h e  s u b s e q u e n t  steps n- f

swallowing, diges t ion , and elimination appear to proceed in a normal fashion, The Skylab
crews performed a control study to determine win-ether any cin- ang n - -s in the ph ys iological
response to taste or aroma n-n-ccurred during weightless flight , These tm -- sts provided no
indica tion or evidence of any change in the ability to identify aromas. Furthermore . ntn-
evidence in any of these data suggested that weightlessness is a significant fn-u-tor influen—
cing the flavor of food .

A d e t e r m i n a t i o n  of energy requirements is crucial to the design oh life support systems and
t o  n - v n -- r al l  assessment of man ’ s ability to live in we i ghtlessness , It might seem logical to
assume that activity in weightlessness would require less energy th an - n - in one-g hecn-uuse tin - c
c o u n t e r a c t ing f o r c e  of g r a v i t y  would  be eliminated. Although locomotion-i in reduced and null
gravi ty requires less energy than at one—g , those tasks that ordinarily depend in-n friction

~or their reactive force require muscular work to supply that force . In addition , vi-m-v
little of man ’s basal energy expenditure is attributable to direct gravity effects , Exann -—
inati en-n of datn -n - acquired during the Skylab missions reveals that the overall enmn-rgy consump—
t i o n  in f l i g h t  is not s t a t i s t i c a l l y  different f r o m  that observed on the gr n - L n -undn -

On Skylab , each of  the 70 or so individual foods that were provided was analyzed for all
known nutrien ts , including individual amino and fatty acids . Carbohydrate consumption was
genera l l y higher in flight than on the ground with averages of 400 grams per day and 350 

- -

grams per day , respectively. Fat intake in flight was lower on an i s n -n - c a l o r i c  b a s i s . Crude
f i b e r  in takes  were about 5 to 10 grams per day in f l i g h t  and on the g r o u n d .  Based on
experience with previous space flights , the Shuttle food sys t em is d e s i g n e d  to provide crew
nutri~ iona1 energy requirements for good health and effective performance . To maintain
good nutrition , each crewmember should consume at least the following quantities of nutri-
ents each day .(~

11)

Protein (g) 56 V i t a m i n  B 12 (ug)  3.0
Vitamin A (lu) 5000 Calcium (mg) 800
Vitamin D (iu) 400 Phosphorus (mg) 800
V i t a m i n  E ( i i i )  15 Iodine (pg) 130
Ascorbic Acid  (mg) - IS I ron  (mg)  18

~~~~~~~~~~~ ~~~~~~~~~~~— ~~—
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t t n - i n -  S i n - m n - i  I t e n -  t i n - n - n - t i  n-i I t I hi’ k n m u w n - u  n - ) n - u ; u m n - t  I t n - u i  t ~ n - ’ l  v . i n - t n - ’ - ~ n - ) n - n - u n - n - u  o-; ’  n - n - n - n - n - m n -n- - , ’,: t n - - u ’ n - i u  w in -  n- m n - t i t t ue  N n - \ N n - l

n- n - t n -  I n - u i n - u:- 1 t tn - t n -sn -’ da I n- n-  m on - ’ I i n - m i e n -  mu - t u tu t n - u n- t ii m n - u n- m’ s n- 
n - - n - L n - ’’ n- ’ i f i n- - n - u I i n- n - in -  1 , t t n - u ’ it , S , L n - n - ‘ ~ n- n - u  i n-  I mn - m m ’ ii t n- n- i Ag in-  n- n- n- in - I -
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t h e n - n - n - I t  in - St  n - n - t i n- t u - n - n - l I o n - n -  h t n - n - n -  o n - n - h i t  n - u I I I  I~~t u m l ’ , ’’ ~t ~

h _ h , , L n - n - n - n - n - hn - n - n - n -- i~ ’ i i i  I t n - i n- t h i n - n - i  h I in - S t ; u l n - i  1 I n - n - n - u t I n - u n - i  h ’ r’ m m t t t n - n - i m n - n -  i n - n - n - ’  i t n - c ’  t ) I ’~l — n - n - n - n-~~s i n - n - i n -~~ i s  h n - n -  n - n - n - n - u  I i i i  n - u i n - n -  I t n - i ’
t in - n -n - i l t b  n - m t  t in - i ’  n- n - n - n -m n - n - m n - i n - in - m m  n - t t m r i h g  I t i c ’  n- ’r I t n- n- n - n - u  t In - i n - i n - I n - n - i t  n- t i n - s t  i n - n - n- t n - n - i ’, ’ I u i - n - i n - l i . ‘ l ’hun - - n - n - t n - ) c n - i- h  n- n- u ’  n - n -  t
t he  p I n - n - n - g i n - n - n -n - mn - i s  h i ’  m m - h — I n - n - n - n- n - - u ’  un i t t n- ’  ~n - i n -n - ’ m ’ I tn -n - It’ n- I f I n - m n - a s  u I n -  I i n -  , i n - s I n - n -n - s n - n - ct’s t m m  I ii h , n - i - h  u n - n - n - i s  n - i I m n - e n -  n-~~ , -
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p r — n - g m — n - n - n - i  n - n - n - us I n - n - i t  i n - n - t i n - u t , u n - i l i i  i ’ ’ n - ’h  n - n - m n - u s  i I I h n - n -n - ss hu n - s  m i — n - h  n - i n -n- n- ’mn - i-i- ,’ n - h i n - n -  n - u n - n - v  ,,n - i- e ’ w n - u n - n - n -n - u m i - un - ’ un - m g l u — n -
I i n n - n - n - i n - f  m n - n - ’, , ’ i n - : u g m ’ -

Ii is i ’ X I n - m n- m h  , n- n - i I in - al I t i e ’  t b— n - n - I I tm S n - n - n - i n - n -  I un - n - n - n - h  un - in - i I’n- ’ n - n -g i n -n - u imi n -us I n - i ’ m ’ om ’ t n - t  I v  n - h - u  i i u ’n- I W i  I I i n - m n - I  In - i n -
ron - i t  (t i d y in - in - p  I e ’nu en - n - t i ’d n - - i t i l i a e n -m i u n - ( n - i n -i t n - u tIn - c ’ t)I’in- p h n - n - i .sm ’ n- Sin - i ’m ’ I f i t ’ n - n - I n - mn - i n - u i h u m - u  I S t u n - il I f e  liii SN i n -’ i n - n - ;
nn - n - i~ Lit ’ n - h — I n - i  o n - n - m i  I n - n - i ’  win - I m n - t i  I I n-m m I I i n - n - n -  mu I n - n- - m n - o n --n - n - u  i-~ t i m  t n - i n - n - n -  in - li ’ an- n- n - m i t’ fn - n - r m i n - n - n - i  t i n - n - n - n -  l i i i  a t  i i i  n- I I .‘ n - u I j u n - i n- ,
An- -n- s n - i n -n - t m  flu n--n-a t m n - n - i s  i n - n - - n -n- n - n - I t t , — Lie n - I h e r  n - he n -fin - it’d , I i i i ’  m e n - m i e n -  u n - n -e n - n - I  p I n - n - n - m a  w I I I in - i ’ n - l e n - n - - i ’ I n - n - p en - i t n - i  a m - I n - l e n - e n
sn-n-elm ii I gin -f a, ‘I’,) n-u n - -in - n - n- n - n - ’,’ n -n -p in - ru in - ri n - i t , — ti n - n - n - u  l i i i  s i n - t i n - I  I i n - n - n - u t  i n - n - i n -  l h i n - n - a s u n - t ’e n - s  f i n - i ’  t I n - , ’ n- n - I n - , ’ i n - ’n - i I  i n - n - u n - u
S h i n - n - I  t h e n -  Er-n- - t in - n - ’  S p n - u i m ’ n - i n - n - n - I  I I  i i ’  Sei m -i u i ’,’n- - -n- Iii n- n- m n -n -- I  n - n - r n - u t , ’  m ’ f  t h u ,  ,n - n - ui m n - msn-,im S I n - a i m ’  t n - m n - n - i l  i n - n - n -  t i n - u s  i n - n - -n - i  n - u t ’
1 i n - -i tme ’il in - in - n - i  w i l l  hh u a i n - i l n - n - i n - u n - n - n- ’u u u i i i i u i I t , ’ , ’ I n - u  n - l e ’ l e r u m u i i m m n -  l i i i - u n - n- i n - n - i  i n - n - m n -  lum ’:n- l i ii oh n - i h m u  I i n - n - n - n -I i m ’ u n -  f u n - i ’
en- n -u n- ’)— f l ight .

Si n - u I  I I n - ’  l l i n - n - w n - i n - n - i  ,‘

S i n - n -u n - c ’ I i  (g in - i w i n - s t  ~ ‘ imu n in - a ge n -n he n -in - I n - -n - ys t  n-n -n -mis in - u n - , ’ p rn - n - g n - ’en - ase’n-I in - ’mn - in - n - t In-i’ a h u m —  l e ’  ion -n - n -i m n- n - i l  I i n - I  u n - n - m i  s~’s t  i ’n -uu s
t i n - n - n - i n - i  I n  Me’rn-n-uri,’ , ~ en-n-m j ii I , n - n - n - n - n - h A P i — I  I i i  t n - i  t i n - e n -  i- e n - I n - n - h  I n - , ’ I v  s i n - p i n -  151 m n - n - n - u t m n - i l  n - n -v u-n - I e n -in - ms i n - s e n - n - I  I n - i  5kv  i n - n - i n -

n - n - ri ( I  t n - l an - n - r n - n - n - mi i n - n - n - n -  n- n -se ’ iOn- Sin - mn - I I I n - n - . Tin-,’ S i n - n - ut- i l e n -  i n - i  n - n - s - in - s  t n - n -  ‘‘n - n - I  l e n - n -- I  t in-mn -  s n - n - s t  e n -n - hi  In’e m ’ , ’  i n - i n -n -a i n - n - n - ’  t i n - m n-
i’m — I h e n - n - I  loi n- m ’ t  i n - i — t in - i n -  i n - in - t i  ie ’n- ’ m ’ s ’.n - in - d t’m n - r d u sp m n - s n - u l n- in -t n - ia u n - n - n - w i n - a t —n- ‘ i y n - i t e n - n - l i  e n - n - m m  i”’n - n - n - ’ ’n - °°  w n - u s t  e ’
t’ren-nm luot in- mn - n - c h e ’s’.n-nd t en -mn - n - Ii’s n -us wol I i n - s  ln - i’m n - n - ’ e n -~~n-~ Win - s h e ’  m n- n - i ( n - r n -  t ru n - i n - m I I n - e n -  p e n - n -a n - n - i n - n - u  I hn - yg i e u m , ’ s i n - u t i~ n - m u

n - n - n - m d  f r e n - r u n -  the’ P in-i n - I un - i mh i ’ I I i n - n -  . n - m i ~ n - p m n - i n - t  a%’st ~~~ l~~n- ‘ in - in - e n - o~ ’ aI  e n -n - hi  i s  I n - n - n -- n - u t  i’d in - n - u I n - n - ’  I n - u n - ’v n - n - n - hu h - u n - - i
men -nt tin - n - t i n - e n -  nil dn-le’cIn- n - n - f  t i n - e n -  S i n - m i t  t i n - n -  On - n - tn -  ( t i n - n - ’ . 

- 
-

Tin-n- ’ Sin - i n - I I h e’ in - h — wi n - s t  en - -n- y u-n- h e n -n - mn - en -n- tn- tie’ in - sn -’mI i n - n -  n - u a t  n - n - n - n - n - hi n - n - g t I n - n -  s i l t  m m n - g  I n - i n - s i t  u m n - u u  - ‘ I n - t n - i n -  m i m i  n - n - m n- I s
n- ’ n - ’ u m n - c’v,n -n - l I tn - I n - i t in-tn- n-- yst e’n-n -m n - n - n - n - ti time ’ I Iqn - n - i d—n - n - i in - n - huh xl m i i . t n - I s  n - -n - n - n - p u ui’n - u t e n - m i  liv n -u n- - m n - i n - t i n - I  tn - n - g in - i an - ’I’ n -n - n - n - u i  t i n - n -

In- rn - on - n- wh It -hi t i n - u n -  n - u i r I s p n - ,,in -~n - ce n- d n - n - u n - I  m n - i  t hum’ uiii i t  I in - i’ m n - n - n - gt i n - n - m i t n - n - h u n - i n -  n - i n -n - n - I  i n - n - n - n - t in- n - i n - u  i i  I t  e n - n - . . n - I n - t i e ’ i n - n - n - l ime ’
C ln - n - w s t n - n -m n- n i time ’ sn-’pu trn -n -(mir tun - I i mn - ’ w n - st e ’ wn -u I e n - i .  tn - tn - n - It.

n-r h , ’ s ysh  i n -nm e n- u n - i n -  fI gu n -ruu t- In - n - i n - p i
n- m I t  I dn-’s in -mr n-’tn - niin- h in - e n -n - I n m in -’t n - n - i n -in - I i n - n - u n -  n - n - n u t  di n - I ’ t i n - n - u t  i u ~~n - .  i n - n -  t i n - m s  pu ’ n - n - n -’ , ’ n-~ n -n-

I tn - i n -  m i s c - n - n -  n - n - n - s i t  t i n - i n - s  in - Imse ’ I I’ m n- in - l ime’ se n - n - I n - un --n - l o g  tin - e n - se n - n - I  i n - i n - m t  f u n - i n - i  m e n - a l  in - n - e l  i n - i s , ‘ I n - in - e n -  i n - i — n- n - me n -  u
p ro ec’ss ,n -n -l  n - n - s p r e ’ v t m n - n - i u - n -  Iv dm’at ’r I l n - m n - d  . ‘I’m-i’ t ~‘i - t ’a n - n - n - i n - I I I s sn - in -’  in - se-n - I In - n - n - n - l en -n - n - in -m n - u an - n -, t ’in - in - ve ’v en -n - I ti n - tm ’
I he’ W a s t e ’  nmn - u i n - n - eg e ’ f l i e ’ ’ n -  I n - n - V s  h e n - n - n -  i n -s - m n - n - v  n - c f  n - n - h r  f t  n - n - -’ - ‘I ’m— en - sin - I i n-h n - mn - n - st , n - n - n -  n - n - i’, n - n - u’ n- ’n- ’ t i n - n - n -n - n - h e - n - I  i n - n - t i n -  n-n-
r u n - I i n - I m u g  a lt 0 g m — v  Wh n - n - — n-’e t i n - e n -  f , n - m ’i’o n - n - m i t t e n - r e — s  t en -  t i n - e n -  in - n - n - n - i— i’ n - mn - n - I I in - n - n - u t i n - i n - n - I n - m v  , ‘ m n -  n- u i ’  e n - i n - n - in - I  t i m e ’
I n - e l’ I n - h e ’ ry . Then- I n-’ a i n - s p i o n -I n - u i , ’  I’ low e n - S I  h t i n - , ’ m - u n - n n - n - um mn - n - h e ’  imy wa y  n - n - f  n - n - I n - n - i n -n - h  e ’ i n -  i n - u  f n- I t  e n - n - n -  n - n - I  t h i n-’
I n - n - u s e ’ . (‘n- n -rn ;n - I - ’ h  n- t n -in- n - n - I  t i n - i s  t i ’ n - n - n -~~~

’ . n -  u n - - n- i n - n - I  l n - n - w ,’ mt  h n- ~- n - n - s , ’ m u u l — a n - n - h o h u u n - ut n - n -’ a -n - n - h u n - n - ’  ) Imi a hn - i n - n - n - n -  n- - m n - n - n - n - n - n - n -—

n-’en - ntn - umu i t i n - i t t i n - in -  n- - m n - u t i’ m — I  .

W n - n - n - n - k / I l m - sh n - n - - n- - i  e n -n - n -

i l  I gh I p in - n - n un - tog l e n - n - ’  S i n - n - it I I ~‘ n - n - I n - n - n - n - mn- t I I gin- I n- -n- l i i i ’  I u n - n - t , ’ n - n -  t in - n -’ t i e ’ t n - u i i s  m n - f  t i n - u ’  n-v n - u n - ) ,  - n- n- m n - a l  n - v ,  i n - n - n -,
Nn-n-m Inn - n - I I y e n -  I g tn - t u n - n - u t  m’ s a- I I I t n - e n -  n - n - n - ’  t n - n - s I n - t e n -  fin - n - ’ n - n - l e n -e n - p  n - n - i n - n - h  I 1  t i n - n - n - u i -n- - t n - - I ’  in - u n - h  n- n- i t  v , n - n - - In - u n - l u  h — i - in - n - n - l i ’ s

n- ln - ll t n - n -  i’ii t n-~n -em t ’k , 80(1 n - ’ , ’s Ot ’ ‘ ‘ x n - n- , n - i n - n- - I n - ~~i ’ . Sm e nu , ’  S i n - n - n - I  t I ’ ’ u n - u n -  n- -n- n- -n - u n - n - n o  n-in - in - v n - ’ i n - t j t n -  i l e t n - m n - n - — s i n - u t
‘ i n - I n - r n - n - I Iu i i n - .1 .11 ‘t’w m m — -s t m  I ft n - n - I I e ’ n - ’ u n -  t i n - n - u i  n - n - in - l i o n - n - rn - i Sin -m it I l e n -  c m - n - n - u t  p ros en- i n - h  sun-n - in - e n -  b n - u ’ n - n - I n - I n - - m mms i i i  I In - n - n -I

t im ,’ i , n - s t  u ’ \ u ’ h ~~’ i n - n - i -  n - n - n - n -n-un- , ’ m ’h ’ e ’ a u u n - e ’ n - i  n n - n - u~ - In - e n -  un - i t n- ’i - m mi pt e n - u i  t n - v  time ’ n - n - u’ I i t  I I  n - y i n - l i ’  l i i i ’  t i m e ’  i i i  t n - e n - i ’

m ’ t’ e n - i- ’i n - e ’ u n - n - t m , ’ r n - n -n- J”i ,r  n - t m , ’  I w m m — m ’~~m ’l , ’ mn -mn -uI ,’ n - n - I  n - n - t n - m n- n - n - I I m , n - n -  t i n - c ’  S i n - n - u t  h i , ,  s h e u n - ; n -  n-n -h n - u i  i n - n - i n - s  i n - i l l  i n - , ’ n - n -n - u n - —

t’hgtir,’ n-l n - i n - n -  tin - n - i t t i n - n - ’ ’ , -  1 I n - n - m i t  ,‘X i i’ n - eii , ’n - Iu u n - n  -mu n - ’ u n - n -~ n - n -n -  in - n - m n - i I n - n - : t u h  -

t~’m n - i ’  t i n - n - n -  t W e n - — sti t t’ t iui ,n -uI,’ l I t  n - n - 1 i ,’ i ’ u h  h e m — i  I I  w I l t  t n - ,  u m , ’ n - , n - n - n - s n - n -u’ \ I I I  i n - n - h  n - ’ i i u u l l t  n - u n - i n - h  ‘ n - n - n - n u n - n -- I h i , ’ , - u
n- ’ a u t i  Rn i n - t i n -n - i  in -in I l - u t  I l - i n - n - n -  c c i  n - -m en - i n - c— I n - h  I i i , ’ e r’’n -n- ’T ile ’ lh  m iui n - ’ t i n - : t I m e ’  I n - t i n - n - n - n -  I n - i n - n -  - P u n - t i  n - mg I n - i n - t i n - n -- hi t ime ’ n- - i ’ , - n - n - un - n - m’ u u

w i  I I I n- e n - ci,, n - u u-n - h n - n - n du n -n- ’d n - e n -ue rk , u ’ , ’ n - . I  m -~~ u l e n - . I t  i n -  - ,- u u u l m m - i  t n - n - i t  e n - u I  t h i n - u t  n - n - n - n - t n - ’. n - ’ n - 1 i u , ’ iu h t n - n -  I a u t u m n - - h i  t i n - , -’ --

- -~~~~ —~~~~ - —- .— - — 
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4 1 1

n- ’ \ n - ’ I , ’ n - -n- a n -  I I  i~~e n - m ’  l u  i n - i ’  n - u n - i n - n - n - n - n - l ’ ’n - l  I n - u u n - ’I~ m I - n - d I n -  Sn - i  t t n - ; n - n -  t i n - u -  t a n - n - - n - - t n - h i t  n - n - 1 n - , - n - , n -  i u m n - i  un - n - n - ’ , ’  t n - c ’
n - m n -’ n- ’ , n - u n - n - u u n-n- n - n - i n - u t e’& t n - n - u i  t i n - n - n - n - r n - I ,  I n - r u n - m r  t n - n -  i’ m ’ h  m n - i — mn - n- I a l  1 I l i e ’  I n - n - n - n - l i t  n - i ’  n - n - u i n - e t t u e ’ r  n - n - n - h j n - u n - , i  n - n - i - i l )  I i ’
in - i — I  n - i i ’ m n - h n - n -  n - n - s i i n - g l m n- — s h u i t i  n - n - I n - m n- n - n - h  t n - n - i n -  n - n - n - n - _ n -  I n- t n - n - I -  h n -  ‘ n - ’ n - I l  I V  -

u _ u - , -  ii I I ,  - , e I t in -  M n - u  I U I I ‘ii  n - u  u n - - n--

N~- \Sn -\  u n - n - , ’ n - h n - n -- n - n - 1 I n - m ’ i - o n - n - u t n - i , ’ l  n - u n - n -- in - n - ’ s l n - n - n - i u s n - h n - I e ’  I n - n - i ’  I h u m ’  I n - m n - u l t h n -  n - n - i  n-n-  I I i n - n - ’ m ’s n - n - i n - s  f l y i n g  I n - n -  N A S A  n - n - I n - n - u n - n - -—
n - n - n -n - i  I I , n - i ’ m — i s  i i u ’ l u u n - h i ’ n - -n  -I I n - i n -  n - n - p~u i  n - n -- n - m i  t n - n - u n -  m n - I  n - i ’ n- I u n - u i n - l e ’ s  n - n - i  In- i ’ m- n - n - n - u t  I n - _ u ’ n - u u m ’ n - I I i ’i n - in -’ n - u n - n -  m n - n - I I n - u n - -n- i t t , ’
t n-’ n- ’ n - u t i l n - * f l t  n- n - i  n - u n v  i I l u u , n-n - n- -n - m - n --n - i l _ n -  n - n - n - t n - n - u n - u n - a  n - m u -  n - n - l i  n - n - n - u~ - n - n - n - - n- - n - n - ’  n - i n -  n - n - u n- - u n - a  t n - I t  m n - I  s p n - n -’ m ’ i t  i g h i t . A l l
pn-’ n - ’ a n - n - u i u n - e ’  I win- n - n -  u t ~

- n - n - in -  Nn- \ S n -n-n- s i n - n - u  m e n - - u  n - n -  I I nun - ui - n - h h i d — h n - u n- - n - n - n - ’ n - ’u - n t  N n -’n- Sn -\ mt u n - ’ d n- n - n - c  1 n - i ’ l l  I I n- n- - n - u t  i n - n - n  , ‘l i c e ’
h n - n -  1 I n - m a -  n- m g  n- n- I n-isa I I n- n - n - u  I I n- n -n-n- n - -, n - n - u n -e n -  e n -n - m ’ u ’  - in -  I I n- n- n - i n - u n - - , , ’ I ’ I n - tan - -, I i n -  n- n - n - p I I m n - i  n - n - a I r n - n - n - n - a t m  I a , I,’ I ass I I t n - n - i -

mmu j n- -- i s i n - n - u u  n-’ i I n - , ’ n- ’ i U I  i s I s  n- u a h  r n - n - n - n - n - u n - n - l a, n - i n n - I  t I n - u n - - n -s I I I i n - n - n - ’  I n - n - u y l u u n - n - t l  n--n-~n - t ’ n -’ j n - n - I I~~ t s ,  I ) n - n - n i n - n - g  t h u ,  m n - i ’ m - i t - n - I
I 1 n - g i n - I  I n - h n - a s n -’ i - n - u n -n - t i  e m - i - n - n - i n - u n - u n - n -  n-n- i i i t i n - u n - , ’  I n - n - n - u n - ’  i n - n - n -u n - i  I i g h i t  n - - s n - u I - t i n - a l  i n - , m n - S _ ‘l - t n - n - ’ an - ’  ‘ n - n - n - l u - n -I u n - n - n - t o  a t 11
at  n - n - m’ i In - )  n - i n - u v o  p n- n- n- n- n- m n- n- I h u e ’  I I m g in -  I n - u in - it in- n- I I I u e n - n - n - n - i n - n -  I n-in -iu ’d m n - n  I n - i un - n - i  n- - t i  u n - u n - r n - n -  i n - n - g  n- ‘ i ’m - n - ’  ~n- n-’ n- i. n - n - n - n - n -  I n-- n-

f n - i ’  ~ h i , n - n -, ’ 1 n - m ’ m ’ I i  t g t i l tin - n - n - n - t i n -- n - n -  I e n - n - - n - n - t i n - n - il i n - n - u n - n - .  i tm ’ I n - n -n - l i’  n - n - n - h , ’ u u l  n - I  n - n - s n - i n n -, n-u h i t - n - t i n - a  I i n - i a I m ’ m ’~ . n -u l m t n - y a i n -’ n - e t ,
n - u m n - n - i  I a i n - n - n - i ’n - u I n - ’ i ’ v  n - in - in-I o h  n - e n - n - - is I m n- n- -i l 5 -

I ) n - n - n - ’ n- ng  I t n - i ’  n - n - i ’ b i  m n - u t  t , ’ oh  I I  i g h n - t ph - n - s e -  l u m ’ n - ’ m ’  n- n--n- n - u l I e n - n - i  1 h i m  S I  n - h i  I n - _ n - m t  n - n - u i —  I n - n - n - n -’ m— n - iuun -  n - n - h i m ’hn - n - s
n - i l ’ s t gni — d I n - n -  nun - n - u n - n - I  n- n - I m n - I t n - u ’  t n - m n - u 1 i ii n - n -  f mu u n - -n - n - -i I u n - i n -  n-. i— i — m u l t i - n - u  n - t n - n - r i  n - n - g n- n - n - I I i n- - n - n -  I un - u i  sa I n - n - i n -  I 1 1mm —’ I n - c -n - ’  I t i n - i s ,
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E. Burchard Would you comzuient on the sound level during the launch period? And
is the food system going to be comparable to that which you had during the Sky Lab
mission?

t S. Pool The noise level during launch will be quite high. Flowever , there
will be only transitory peaks and we don ’t expect any long term loss of hearing as a
resu l t  of the l aunch  noise.  We ~rc concerned about confining people for 24 hours a dayin an environment  w i th  an exposure to up to approximately 65 decibels. We are working
to decrease that level as much as possible. We had , as you know , a rather elaborate
food system for the Sky Lab series of flights . In the early Shuttle missions the food
system wi l l  not be quite  so e labora te .  The shuttle food system is designed for shorter
missions. We have a six or seven day cycle of food service which is repetitive , so if
you go into space for 14 days , each Monday you are likely to eat the same meal.

K. Klein Will you comment on the work/rest cycles and circadian rhythms .

S. Pool Just about every person who has flown in space has had some difficulty
with sleep . That probably is due to a variety of factors: a new and a somewhat threat—
ening environment ; perhaps motion sickness; decreased food intake; an overly cold
environment (especially in our Apollo flights). But usually after three or four days in
this  en v i ronmen t  the astronauts have slept normally. If we add to that a t w o - s h i f t
operat ion , we expect additional problems. An added difficulty will be encountered trying
to get the crew back on the same cycle for re-entry.

R. Murray At lunch I overheard some people s a y i n g  they  though t  l i t t l e  old
grandmothers with tennis shoes were going to ride the Space Shuttle as Payload Specialists
and now we hear they are all going to be astronauts. What happened to the little old
grandmo thers?

S. Pool Well , there are several who remain as candidates and some will probably
make it , but very likely not during the early flights. We have lowered the so-called-
class three standards for Payload Specialists to what we consider minimal-standards , and
I think that as we become more experienced , we will be accepting people with some medical
def i c i enc ie s  for space f l i ght.

D. Root You mentioned that the noise level would be in the neighborhood of
65 decibels. I was wondering where all this noise comes from?

S. Pool It comes from fans , pumps , heaters , exchangers , some of the avionics
and other sources. Unfortunately, they have a tendency to be turned on during orbit and
and not j u s t  d u r i n g  launch and recovery . U n f o r t u n a t e ly ,  also , they tend  to be greater
at the mid-deck where people sleep , which is noisier than the upper deck where they work .

J. Heller I understand you to say that the extravehicular activity ~EVA) suits ,
would be only pressurized to the 4 p.s.i . level. This would be a change from the Apollo
suit which was a 5 p.s.i. suit.

S. Pool We did sui t  i n t eg r i t y  checks on Apollo which went  to 5 . 5 p . s . i.  We
will go to 5.5 p . s . i . on suit  i n t e g r i t y  checks on the Space Shut t le  also , a lt h o u q h  the
normal pressure at which we operate is around 4 - 4 . 2  p . s . i .  We have sometimes run  EVA c S
at 3.8 p.s.i.-

J. Belier Would the personnel involved in EVA be denitroginated in the suit ‘n-
or by mask ?

S. Pool The denitrogination process takes a minimum of three hours for a
well-condi t ioned man , and for  a female  wi th  higher  re la t ive  body f a t  content  i t  is q o i n g
to take longer. We expect a 6% risk of stage I bends even with that preparation. The
wash out process is as follows : a mask is worn for the first two hours and 20 minu tes;
they then enter the air lock and don the suit , which is technically difficult to do.
We have recently done some engineering studies trying to see whether or not it is possjbl~to operate the air  lock at 100% oxygen.  I f  we can do t ha t , we can probabl y purge the
air  lock wi th  oxygen and don the su i t  w i t h o u t  the hazard of interrn- ptinq pressure
breathing.  

-- - -‘_n-~~~~ 
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S O M M A I R E

Les problème s médicc -—physiologtques poses par le trsnap orr an -~rien
supersonique on t etC étudiCs de 1964 in- 1974 par dens sous—gr oupes
un -Cdicaux I’un francais , l- autre brttan u’.iqum- . Ton-n- s ~c probl ’enues
ont Cte abordes par des co n-n-n-m is sto r,s de spe,n- cialia te s rCun issant
mCdecin-is, phy siciens , chimia tes et ing Cnleur s. C’est a m- n-s i que
lee pertes de pressur isation , l- ozonc , lee radiations lor.isantes ,
Is clin -n -uattea tio n, le brui t, len- s pt ob lè iun -es visue la , Is pollu tion
ont fai L l’objet d ’Ctudes tree poussCes . Dee solutions tree
ea tisfaisantes or.t cite trouvmies. Dane cert ains cas , on a pu
prous’er , no tammn -ment pour l’ozone e t lee radia tions coami ques
qu ’ils s’agies aient de fawn - prob lènn -es et que Ic vol super—
sonique a 17 000 metres n ’offrait aucun danger. Conipte ter.u
de thus ces resultats favorabl es le Concorde a Pu fac il emen-n-.t
ob ten-n-n-tr in - au torisatiorm de vol nCcessaire .

En juin 1961, un bombardier quadrirCacteur B 58 trip lace cc pr ci senta it au Salon n-he

l’Aerorn-autique an Bourget aprCs urn- vol de 6 h 15 ~ partir de Ca base de Carswel su Texas. Ce

fut un CvCnement considerable et pourta nt un an -n - plus tard lee admini strat ions francaise s St

bri tanrn-iques envisagCrent la construction en cominun d’un avion de transpor t eu per soni qu e car’ n-’ n-” 5
de transporter a des vite sses identi ques urn-s centaine de paesa~er s.

Tou t de ~~~~~ n-n-es ingenieurs firent appel an-ax mCdecins pour Ctudier lee pr obl Crne s nouveaux
.uc~e I i ~l,~ ~.~~ tre poses par Ia vitesse supérieur e ~ math 2 et par l’altitude de croisiCre d’environ
17 000 metres. C’est ainci que Ic groups operation francais et Ic project office recon-iiun-andCrent la
forma tion d’un soue—groupe n-n-n-éml ical dont is mission fut ainsi dcifinie

“L e r8le de Ce sous—groupe act de faire des recon-muandattons et de fournir des avis cur
Is physiologic , is psychologie et lee problCmas un-Cdicaux en gCnCral , y compris lee étude. nCcessairec
pouvant avoir un effet cur is construction ou In - exp loi tat ion du Concorde”.

La premiCre reunion de cc sous—groupe medical fraruco—britannique se tint Ic 24 avrtl 1964
et pendant 10 an, lee reunion s furent eeum.stz’ielles , tant~ t a Paris , tant8t a Londres.

Pendan t Is uu&ne pCriode , lee an-un -Cricatn s furent tenus au courant de toutes ces etudes ,
puisque ton-as lee ans Be tensient des reunions tripartites dites FAUSST meetings (franco—ar.glo—
U.S. — supersonic transport meetings).

Ii fallu t d’abord dresser Un inventaire comple t des problCmes medico—p hy c iologiques
du transport eupersoni que. Cer tes des avions militaires avaien t deja lea m~mes performances ,
un-sic leurs conceptions Ctaient absolument diffCrentes. On s ’apercut alors que nombre d’ en tre
en-ax n’avaien t fait In - obje t que de rares etudes ou m&uue n ’avaien t pee etC Ctudiéa du tout. C’eat
sin-n-si, C titre d’exeun-mp le , que lee radiations ionisantee C l’al titude de 17 000 metres n’avaien t
jan-un-ate fai t l’objet d’expCrtmen tation et que lee publications n-nC dicales cur Ce sujet procedaient
par extrapola tion des n-secures faites C 30 000 metres et C 10 000 metres . On ne savait donc pee
o~n- abou tiratent ccc etudes ci Concorde risquait C tout moment de voir sa carriCre dCfini tivemen t
coen-promusa.

C’.et sinai que pendant 10 ens, mCdecins et chercheurs francais ci britan niques se
pencherent sur cc. probleun-es confrontant et discutant rCguliCrement leurs resultats. Ce n’est
pa. par hasard qua is vitesse de cet svion fut fixCc ‘a mach 2 ,2. En effet ‘a Cette vitesse ,
l’Cch .uffenn-ent aCro—dynamiqn -n-e des paroi s de l’avion atte int 153’C pour le nez d e Concorde et
130 C pour 1. bord d’attaqua de l’atle . Si l’on songe qu ’en subsonique Is tann-pCra ture est de
— 56’, ii exis ts don-n-c une variation de tempera ture de l- ordre de 200’C. Lea alliagea d’a luminium
u tiltees par Is. avions de chaise talc que lea “MIRAGE” aon t assez fiables pour supporter Is
repe tition de tslle . variation.. Si ln - on veu t dCpasser la vitesae mach 2,2 1* tempera ture de Ia
pesu de l’svton augm ents considerab leun-ent at il fau t utilis ar obligatotren -nent d’au tres mCtaux ,
tel. l’scier qut sit bean-n-coup trop lourd ou I. titans , don t Ia metallurgic est tree co~ teuse .

PRESSUR ISATION

A I- alt itude de 17 000 metre ., 1. pr .ssioru baro n-n-n-Ctrique n ’ea t plus qua de 66 un -il—lime tre . da mercrure at is protection du personnel est indispensable.

~~
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L’al tttude de pres aurtsat ton de Is cabtne fut l’obje t de vive s di scu ssion s ent re
usCdecin s et ingenieur . dont 1.. points de vue Ctsient opposes. Pour lea physiolo gt.tes
l’al tituda ftcttv a ideals cc sttue ver. 1 500 metres , putsque c’es t le seutl de declen—
ctn- ean-ent des necanismes d’adaptation a l’al tttude , entratnant une certaine fatigue ainei
qu’un ralenttuceenent des reaction . psychomotricec. Pour Ic. tng Cnieurs Ic poids des compre.—
seu rs r t squai t da pCn aliser forteun-ent Ic Concorde parrapport aux cubsontquee dont l’altitude
fic tive act de 2 200 metres. Finalenment une solution de compromic fixant l’ al ti tude de pres—
suri .atton de Ia cabine en croisiCre de 1 500 C 1 800 metres fut adoptCe ,

Dee b r .  furen t Ctudieea de tree prCs lee consequence. d’une decompre .ston rapide.
C’est en 1955 que Vtoiett . a Ctabli qua dan. une decompression deux facteur . interviennent

1. it coCificien t de futte (c’est ‘a dire Ic rspport eurface de l’o r ift c e
de fui te/volume de la cabin -n -c)

2. la rapport pres cton initial/pression fin~~.

Cer tec Ic volume de Is cabine du Concorde eat beaucoup plus important que celu t
des avton. mili tairas , aussi touc les e f fo r ts des ingénie ur. cc portCrent—tl. cur is colt—
di tC de la cabine dont is rupture devait kre aussi improbable que I. perte d’une aile pour
n-in avion cubsonique . Un-me nouvelie technique d’usinsge dan. la masse a permis is suppression
dee rivet.. La surface des hublots fut rCduite C environ 150 cm2 , enfin Ia vtsi Cre en vol
supersonique a assure une protection accrue du pare—brt .e.

La reglementation qut a etC retenue (T.S.S.7,1) concern snt Ia pressur leat ion set
p lus precise at plus .CvCre que celle qut ee L app liquCe aux avions subsoniques :

“En condi tion de vol norma l et aprCe toute panne frC quente , prol n-abi ltte (10 — 3)
in - altitude cabtne rue doit pea depac.er 8 000 pied. , 

S

“L’altitude cabine devra rester tnferieure 1 15 000 pieds spree toute panne peu
frCquen te (c ’ea t a dire de probabi lite comprise entre 10 — 3 Ct 10 — 5). Apz Cc in - application
de Ia procedure de secour., ii err s possible de ramener Ia pr*n-.sior’ cabine a une valeur
infCriaura C 8 000 pied..

“L’a~~ tutde cabina devra rester InfCrte’irc a ~~ uUU pied. apres une panne rare
(c’est C dire de prot~;~~.1lte comprise entre 10 — 5 ci 10 — 7),

“Ln- altitude cabine rue pourra *tre aup Crie ure C 25 000 pieds qu ’en Ca. de panne
extrlnn-en-e.nt rare , cn- e.t C dire de probabi litC infCrieure ou égale 1 10 .. 7,’

Par .ouci de .Ccurite sur Concorde ii exi .te deux syatCn-nea indCpendants de pres—
suri.atton . En ca. de panne de In - un des deux sys tème. .ignslCc par une alarme , le eecond
sys tCze eet mis en oeuvre manuellement.

Is. Cquipage . dee avions militaires supersonique. utili .ern -t C hautec altitudes
des .ystCmes individuals da protection , tel. les v$temnent. pressurisCs , Nature llmun -ent cette
solution ne pouvait $tre retenue pour les Cqut pages dee avtons con.nerciaux. Une .urpreseion
autoun-atique est a Is disposition du P.N.T., qut ea t ainsi “couver t” ju cqu ’C l’al t t tud e cabi ne
de 45 000 pieds. Lee masques C oxygCne prCvu. pour l’Cquipaga tachnique doivent $tre d’une
utilisation atsea . lie doivent pouvoir ~tre n-nt. en place d’una main en mom s de 5 secondes.
De plus Ic P.N.T. subi t un entratnemnent C Ia respiration d oxygCne en eur pres .ion afin dans
dec cac exceptionnel. de pouvoir ramener l’avion I une al titude convenable.

Des masques C oxygCne sont presentes autonatiquement aux passagers et au personnel
de cabine C par tir d’un. altitude de 14 000 Pieda.

En-n -fin das Cqs.-!,pementc portattfs sont prCvu s pour Ic Personnel Nav tgant Conuin-ercial
avec un-n-a autonocite de 30 minutes (120 litres minimum). Pa p lus, un Cquipament thCrapautique ,
capable d’sscurer Ic traitemuent sin-cultanC de 2 perso n-n-rues est prévu. Cat Cquipemnent doit kre
.uffisan t pour 2 7. des passagers.

OZONE

L’ozone ataospherique (03) resul ts de l’action dec rayon. ultravio lets .ur l’oxyg Cne.

A par tir de 50 000 pieds , l’ozona stin-mosphCrique augnn-ente, passe par une concentration
n-naxim sle 1 90 000 pied. puts diminue en rai son de Ia rarCfaction de in - air, In-ux al titudes opera—
tionnelles du Concorde on pouvait sa demander .1 ln - atr comprimC pour I’snn-ener C is press ion
nCcessaire au point du vue phyctologique n’allai t pa. donner des concentrations d’ozone trCa
toxiques. Car in -ozone es t trC. toxique et cette toxicitC set liCe a sa puissante propr tCte
oxydante, Son action est e ..entiellemnent locale. C’est un irritant puissant dec yeux , des
usuqueu..s it du tractu s respiratoire. Pour lee travailleurs , is concentration max ima le admi s—
.tbis .. t fixCe a 0,1 ppun-v pour 40 tn-sure. de travail pendant 5 jour..

La toxicitC de l’ozone C de faible s concen tration. Ctait tre e mal connue at a fa tt
In - objet dn-Ctude . trCc precise. de Is part du Profes.eur BIGET.
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Cependan t i-hon-n-sue tolIre dec concentrations beaucoup p lus en-levees pendant de longues I

pCrtodes dane con environnemer.t en aol . C’es t a inci qua des “proportion s d’oxydsnt dane be

“smog” de to. Angeles , don t 03 est un Clement majeur , a parfoi s atteint des valeura dn - envir on
1 ppmv n- sans qua l’oru puisee observer d’eff ets parm i la population”. -~

Me ts In - ozone ac t heureusement un corps tree instable qui cc rCduit factleinen t en I

oxyg Cne n-n -n -olCculaire par catalyseurs ou par une tempera ture ClevCe — 50 7. da i n - ozone de Pair -

est dtssociC C 300 C et 100 7. C 400’ pendan t une exposition d’une demi—seconde. L’air passant —

den s lei coun-prasseurs atteignent une tempera ture de 600~, on pouvait prCvoir qu ’il n ’y aurait
pa. d’ozone dane Ia cabine .

Toutefote dec verifications expCrimen tales ont etC rCaliaCee tent du c8te francais
(Biget) que du c8tC anglais at ont montrC Ia juatesce de ces previsions. 

-

A ls sui te d’un accord tri par ti te en tre is Grande Bre tcgne, Ia France et lee Etat.—
Unis J.P. leach et J,F, Sandals ont mis au point en cyril 1978 un cyctCn-ue d’Cchantillonnage --

cur is ligne conunerciaia antre Londres at Washington. I’ai r extérieur peu t 8tre n-mn -ecu rC C In - aide
d’una son-ida traversant un faux hublot. Ic degrC de degradation de i’ozone dane la cabine pen-at
atnsi &tre compare C celui de in - air axtCrieur , Deux amétin-odes de mecure furent u tiiisées , un
dC tecteur Da.ibi et un dCtecteur AID 560, Durant 1* phase de croisiCre C 50 000 pied. ci C - -

mach 2, Ia nivesu d’ozone de 1,5 p~su est die .ocié et se eitue au niveau du sen-n -il de detection 
- -

dee de tecteurs, soi t n ’excCde pse 0,004 p~xn-n-.

Dura nt is phase de deecente, donc de reduc tion des rCacteurc is tempera ture baisse I -

et la di.aoctation de l’ozone est rCduite pendant une courte période. C’ec t a inci  que le nivesu
d’ozone peu t atteindre 0,16 ppo pendant 4 minutes. -

-

Tou tes ccc experiences trC c precise. montren t bien que i’ozon e ne pr e cen te aucun danger -

dans lee vol. supersoniquec. - 
-

RADIATIONS COSMIQUES

Les radiation. comn ique. ont deux originec

1/ It elyonnaun-ent cousnigue galactique primatre qui est constant et fornn-e l’irradiation

de fond, Ii est formnC de particulas antmCes dn -une vi tesee votaine de be lunn-iCre et est tree I. -

CnergCtique.

Ii cc compose : de protons. (noyaux d’hydrogCne) 90 7.

de particuies alpha (noyaux d’hClium ) 9 7. -

des elec tron.
en tres petite. quantitec

des rayonnemen ts -

de ion. iourd. (noyaux de C, 0, Fe, Ca , Mg etc....)

Ce. tons lourds ont une Cnergie Cnornn-a et urn- grand pouvoir de péné tration, 
-

Lec interactions des part iculec prima ires avec lee atomea de l- atmoephCre ou avec lee perot .
da l’avion produisen t Ic rayonnemnen t cosmique secondaire , qul aboutit C une veritable absorption -

~
du rayonneun-ent cosimn-ique au fur et C mesure que dCcroit l’aititude. -

Ic rayonnen-nent cosmn-ciqua galactique van-ic Cgalement en fonction de ia latitude , le flux 
-

ea t ctnq fois p lus eieve aux p8le. qu ’C I’equa taur. Ccci ect d6 au champ magnCti que de Is terre I
qui de tourn e vera Ic. p8les lea particulec de basses energies.

2/ Le rsyonnement coemiqu e .obaire van e en fonction de i- ac tivitC coIn -n-ire aelon un cycle
qui pa .se par un maximum touc lee 11 an..

AprCs une pCriode d n- ac tivtt C eolaire presque mintnn -ale (coieil tranquille) , curvien t un e
pCniode d’activitC colaire o~n- l’on observe des Cru p tions eolaires acco ,rpagnéec du flux de par—
ttcealec tree CnergCtiquec.

Ccc eruptions solairec cc sont manife stéas au coure des anr,éee -

1956 — 1957 1967 — 1968 1978 — 1979

For t heureucament cc. eruptions colaire. sont prévicib lec (H. Simon de l’Observato [re
de Meudon) at permettent soiL ds changer le plan de vol , soi t de dCrouter 1- cvion. I-

Lec danger. dee radia tions ccsmhques son-n- n- bien con-n-rue, elbes peuven t dim inuen -n - 1* longcivi tC ,
provoquer In - appari tion dc cancer ou de leucose ci surtout avoir une action gCnC tique. Tous cc.
dangers ont nature llemn-n-ent etC exploitCc abus iven-nent par Ice nombreux clCtractaura du Concorde.

_ _  

_ _  
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C’ec t ainst  qu ’un mCdecin , sncien chef d’un service de recherche s de medecine seronauttque a
publi C ci diffueC dane Ic monde entier urn- volumineus article dont lee conclusion. étaient
qu ’aucune fen-amne enceinte ne pourra it prendre La Concorde sans danger et con-mn-n-c Ia diagno .ttc
d’une grosse..e so debut n’ect toujours pa. evident , cela revenai t pratiquement C intcm ’dire
l’svto n eupersoniquc a tonic ten-n-in-n-c, Ge t article a fait In - obje t d’un examen tras attentif des
couc—con cniscions médicalas qui ont Pu assez faciieunen t refuter Ic. argument. avancCs . Un-n-s
erreur de cc rCquici toire tnt de situer l’sltt tude de croisiere de I’avion au—des.us de
20 000 metre., slots qu ’elle se t de 17 000 metre. et rue depasce j.maie 18 000, D’autre part
ainsi que nous In - avon. deja dit , aucune mecure des radiat ions coemiquas n ’avait etC fai te
C Ce tte altitude. Aussi fut—il décidC de procCder C des mesurec prCcises at c ’eet ainsi
qu ’aussi bien en Cr ande 8re tagne qu ’en France sur tous lee vols des prototypes et dcc aviona
de presCries , alice furen t entrep t-isee .ystCmatiquen-uent ,

A Toulouse , C bord du prototype OOl cous la coordination du Professeur Delahaye
furent inatallCcs dee Cn-n-n-ulsione nuclCsires (H. Kaiser du Centre d’Etudes NuclCsires de
Stra sbour g ) , des f i l m s  photographiquc . et des do.imCtres radiothermolun-n-n-inescente au
fluorure de lithium. (NM. Francois ci Portal du Centre d’Etudc . A toen-n-iques de Fontenay
sux Roses), enfin Un dC tecteur Vamega (Colonel Du rney do service n-ntxte de cCcurite radio—
logique).

A Litre de comparaison des dcitecteurs identi ques Ctaient p laces au sol C Toubouce.

A Fil ton, a bord du prototype 002, MM. Puller , Mac Naughton et Wardmn-n-ann firent
des etudes comparable. en utilisant des films photographiques , des Cmul.ion. nuclCsires,
‘~~c ~Io.ImCtres thermno lunn-ine.cents an fluorure de lithium et des emulsions Ilford.

La n-n -n -u ltip iicitC dcc méthodes utilisees et des appareil lagee e ’expliqu a par ic
fai t qua lee mesurec devaient Rtre tree prCcicec et rue donner lieu C aucune contestation.
Le e rCsuitats b rent trCs encourageants puiaque lee chiffrec obtenu s se eituent entre
0,5 ci 0,9 miilirC n-ne e par heure. lee doses rcç~Ies par lee passagers dane lee avtons cuper—
son iques tie cont donc pa. dtffCrentec de cellec recues dans lea avions cubsoniquec et m$un-c
de ceiles du rsyonnement na turel du sol, en par ticulier dans lee terrains granitiques.

La rCg len-nentation francaise qui dé f inht Ia protection contre Ies radiations
ionisantee a CLC ICga lt scio par be dCcret 67.228 du 15 mare 1967

“Une irradia tion annuelle de 5 000 millirèrn-n -ee eeL admissible au—dessus de 18 ans ,
pour one personne directement sffectCa C dcc travaux couc rayonncnn-ents. Cette irradiation
annuell e rue doi t pas dépasser 1 500 millirCmes pour les personnes non directen -nent affectées
C des travaux soue rayonnen -n-n-ents. Enfin pour ie public , I’irradia tton annuelle ne doit pee
depac.er 500 milliremes”. Lee donnée. scientifiques et icc mesures de radiation effectuCes
aux niveaux de vol du Concorde ont permu te de ciasser Ic personnel navigant de cat avion dane
is cate goric des travailleura non directeun-ent affectCs 1 dec travaux 5005 rayonnamant.. p

lorequ n- apparurent lee aviore de sCrie , Londrec Babreim pour Brt tich Airway , be
21 janvter 1976 et Pari s Caracas pour Air France Ic 9 avr [l 1976 Ia mesure des radiations
con tinua C ~tre effectuCa cur tons lee vole. C’ec t Ic service central de protection contre
is. radiations ionisantcs (Pr Peilerin at Pr Moron i )  qui fut chargé C Air France de la
surveillance. La rCglen-n-ecntat ton aCronautique tnternationaie oblige de doter chaquc avion
Concorde d’un radia n-rn-Cite de bord qut fournit en permanence le debit de dose instantanC . Un
signal ln-ann-tneux at sonora avertit lorsqn-ae cc debit atteint 10 miiiirCmes/heura pour la miss
en aler te ci 50 mtllirCmes/heure pour is decision de descents (Action level), En outre , un
totaltesur fournit Ia dose totale dc rayonnamnent reçua pendant un vol donnC . Ce dCtecteur act
de fabrica tion ang latse e t a etc concu par l’Atomic Weapon. Research Establisnn-ent (A.W.R.E.).

Pour verifier cc dCtecteur ci Cvjter sinci tonic source dn - erreur , un doein-n-n-Itre de
pri ncipe different base cur Is thern-uolun-nineccence de crictaux de fluorure de lithium ci l’utili—
sst ton d c  plaques nucleaire. pour Ic. neutrons a CtC p lace a bord de chaque Concorde perle
S,C.P.R I.

La comparaison dee deux mCthode. de n-ne .ure utili .eec a donnC pour In - annCe 1976 dec
chiff res con-n-n-parable. (Lavernhe , lafon tatne et Laplane)

— Radia ,n-n-etrc A.W .R.E. — 0,99 n-uillirCmes lheure
— Dosin-nètra S,C.P.R.I. “ 0,96 mullirCme c /heure

La nivea un- d’.ler te de 10 un -iIlirCn -n -n -eslheu re ru n- a jamal. etC atteint St il ru n- a j am-n-ste
C lC envisage de modif ier 1. plan dc vol dc l’appareil .

Tonics ccc recherchn- e ont prouvci C In -evidence que lee radiations coemiques rue prCeen— 
- 

-

latent pa. un danger Conutan n - . pour lee pilots . ci icc pascagers du superconique , - -

CLIMATISATION

La cltmatias tion a CiC etudtCe par Lcnn-sire et des experimentation. ont etC rCslisCec
par Coh n an Centre d’Essai . en Vol de lirC ttgny .
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Lorsque be Concorde vole en cub.onique , ha temp e rature extCriaure cci de — 56’C,
Par con tre en supersonique bn -Cchauffement aCrodynsin-n-ique des structures cxternes , par suite
do fro tteun-ent da l’air porte la paroi da ln - avion -n- C 130’.

11 cc produi t aborc un transfert de chaleur vers In - air dc la cabine, La clin-n-n-atieation
a donc fai t appel C des methodee nouvelles. Le corn-fort thernn-ique se aitue entre 15’C globe et
30’C globe at Is vitecse de l’air doi t kre infCrieure C 36 metres par minute, En cas de panne
trIc improbable de clin-n-n-atisatio n ib tau t cavoir qu ’une temperature globe de 5O ’C peu t ~tre
tohCrCe an .ecuritC pendant 56 minute. ,

PROBLEHES VISUELS

Lee problCme s vieuelc oni fait l’objet dn -etuden - par Pcrdriel et Chevaleraud , en cdla —

borstion avec be. ingCntaur.. Le tenn-ps dont dispose Ic piiote pour inepecter In- espace at p rendre
dec decision , cci d’au tan t plus rCdui t qua la vitesse c’accroit.

En vi tasse eupersonique il tau t un dClai de trente cecondee pour realicer one manoeuvre
d’Cvi temcnt efficace .

Si Ia vi tecsc de rapprochement entre deux transports supersoniquec est de mach 4 , ha
dis tance parcouru c act dn - cnviron 20 miles, maLe si on vaut faire intervenir urn- facteur de sCcurité
de 2 , Ia distance de detection act alors de 40 miles nautiques.

DCs lore Lb faudrai t envicager dee feux anti—collisions d’une portCe de 100 km.. Seuls
lee fenx blance peuvent avoir one tehle portee , mats ils rue con-it pac rIglementaires dana in - avia tion.
Dc plus ccc faux rue doiven t absolument pa. depa.eer Ia structure de l’avion, rue fut—ca qua dn - un
millimul tre , cinon il. Ccla tent.

a
Finalemen t, he Concorde en vitesce supereonique utilise dec apparii ls dn-infornn-ation

Clec tronique et en cu~~nique lee faux anti— collieions de couleur rouge retrouvent toote len-ar
valeur.

c

Dcc rCg laments internationan -ix (OAC I — Annexe 16 — 1971) Ct den règlemeents nationaux
fixen t Icc limites de bruit des avions subsoniques qut sont con-mn-is a on contr~ le da ne des condi—
tione nonnali .Ces aux trots point. cuivante

I point tater~t ~~t dCcollage
S — point survolC en montee aprèc dCcollage
A — point curvolC en m~proche avant l’atterrissage

Las valeur. maximales ont CtC fixCec C 108 EPN dB C chaque point de contr~le avec un
total dc 324 EPN dB. Une certaine tolerance ect admtse pourvu qua le total soit reepecte.

Aucun rCg lement n’exis tc pour lea avions cuperconiquee , On rue peu t nier que le Concorde
fasee  do bruit, mat. il fao t ~tre rC~~.te at lee mesures -n-ontrent que des progrls aensib lee ont
CiC observes C chaquc nouvelle gCnéra tion d’appareilc , apparet ls  pro totypes , appare ile de prCaCrie
et actuelien-n-n-ent apparcil. de eerie,

Le but était de ne pae dCpasser be bruit des avions subsoniques coniemn-n-porains et on peut
dire que cci objec tif a etC pra tiquenn-ent ~tteint.

Voict lsc comparaisone de manures de bruit faites entre lee Concorde de eerie at lee
B 707 ci DC 8

L S A TOTAL

Concorde de cCrie 112 ,2 119 ,5 116 ,5 348 ,2

B 707 ci DC 8 : 108 114 120 342

On ac t en droi t d~ecperer qua lee irn-gCnieurs pourront dane I’ avenir apporter encore de
notable . ameliorations.

POLLUTION

C’e~ t n - sn - sujst qui a Cté largement mis en vedette par lee advercai res dc Concorde,

La pollu tion de l’air ea t Ic bait de l’encan-en -b le dee moyan. dc transport, dee uc ine s,
des cern-trales thermiques , Clec trique. etc.,., La contribution de Concorde C cette pollution act
prssque n gligabhe . Dane le cac dn -un nn-otaut, is poll ution rCsulte de la combustion incomp ll te
do mClange carburant.
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Deux categories de po ll uar n -ts sont C consid i rer

1. Lee substances toxi que s (CC- , NO , SO , hydrocarbures 

2. Les substances non toxi ques , mais pouvant avoir des d iets cur Ic cl imat
(CO2. H20 pa rttco lec de carbone).

A egali té de kme parcou ru s, Concorde n ’en-net pas p lus de p olluan t que trots aut omobi les
Unc flotic de 330 Concorde en exp loitation produira C peu pr Cs la quantite dc po lluants do
1/ 1000 de is pollution tndust rie lle globale. Pour le m8mc nombre n-Ic paes agers transpor te . sur
la mPme dictance , Concorde produit dix tots moinc de polluant e qua be non-nhre de voitures
correspondant .

C1LARCE DE TRAVAIL ET APTITUDE MEDICAtE DO PERSONNEL NAV IGANT - -

L’augmentation de Ia vitasce va dane le cene d’une augmentation de Ia charge de
travail dec equi pagec. DCe lore on pouvait cc demander si les conditions d’aptitu de physique
at n-neniale des pilotee de li gne devatent ~tre rCvieéec, La selection physi que actuelle est
eu f f i s a n ts at ii n ’es t pas qoection dc chercher C celectionner dee surhon-munes , En effet Ic
Concorde act un avion con-n-Ins les autrcc,

Pour Ic paseager , la seule diffCrence act Ia ritesse inecrite cur le nn-achn-nCtrc.
Pour is pib o te ci l-Cqui page , ci un certain nombre de procedure. sont effectueec en une
durec moindre , ii rn-c taut pa. oublier que cette augmentation de la charge de travail est
coln-n-pensCe par icc ameliorations technologtquea modernee en particu iler par lee aides
auton -nattqoes so pilotage et C is navi ga tion (etudes effact uCa s par Auffret en coils—
borat ton avec is division dcc Essaic en Vol dc Ia SNIAS). Cette affirmat ion formulee
avant I n - entrée en service du Concorde a etC largament confortCe par l’avie des nav igant s
d es compagnice utilisatricee de l’apparei l. De Pius Ia fatigu e dee équipag es liCe aux d
dCcalages horaires a pratiquement diaparu avec Concorde en effet un horatre Judic teux
permet su personnel navigant dc revenir dormir C son poinat dc dCpart,

H
Dane cc rapide aperçu dec principan-ax probl’sme. poses par In- avia tion supersonique

ccc,n-n-erctals, je pen ce you. avoir montrC tout Ic .Crieux ovec lequel lee Ctudec ont CtC pour—
.uiviec. Ab ors que les avions conventionnels son-n-t hivrCs aux Compagnies aprCc 1 000 heures dc I.-
vol , Concorde n-n- n- a e tC mi. en service a Air France ct C British Airways qu n- IprIs 5 000 heures
de vol d’es.ais.

Mahgre tout , ca t avion a etC in - objet de c snn-pagnes dc dénigremer.t syctCmatique et m~me
en France.

C’ect sinci que dec 1964 on ho~~n-e poli tique françaie dan . on livre qui cut un certain~t
re tenticscn-ucnt Ccrivait “Ic Concorde sera Ii diligence du supereonique ”. Cette formula bien faite
pour trapper he. eepri ts des non initie. s n- est avCrCe coin-ip lC tement fausse.

Dc nn-&ne en AoGt 1972 su Corn-gre. Hondial des consocn-mn-ateurs réuni C Stockholm , Ic SecrC—
tatre GCnCral des Unionc de Con.on-n-vn-n-ateurs Francsis , a den-n-n-an-n-dC que ‘n-be boycott dii supereonique
soit orgsni.e , car lee Ctudec faites sur Ia sCcurité des passagers , nota umu n-ent C propo s dee ran-il.—
ttons ont etC incuffi.antca ”. On croit river en entendant de pareilles contre—vCritCe., ,.

Arrivé au terms de n-non expocC, je voudrais exprimer ma reconnaissance au Docteur Paul
Campbell , ancien Direc teur dee Recherche , de l’Ecole dc MCdccine ACronautique de I’U,SOA.F . qut - -

apr.. avoir suivi les etude. francaises at britanniqucs cur Concorde ci avoir particip C C quelques - -
vol. Ccrivai i is 10 janvier 1976 C N. W.T. Coleman , Minie tre dec Transpor ts, avan t que celui— ci
rue prsnnc Is sage dn-n-cieion d’au toriser l- atterri.eage de cat avion C Washington

“In my belief , it ic the greatest con-n-mn-ercia l transport aircraft of aviation hietory.
I see i t to have no drawback, of any type possibly one, it does not belong to rice”

en-O n- se t Ic plus grand avion de transport con-meercial de l’histoire dc l’avia tion. Il n ’s - -
aucun defau t, ci cc ru n- se t ds rue pac avoir etC conetruit par nous”.
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F . V i o l et te  I hjvn- tw~ points to add to G e n e r a l  Raboulet’ s presentation. Fi rst ,
it should he emphas ize l that the Concorde is the result of close and successful coopera— - --

tion between the French and British and is a good example of the poss ib i l i t i e s  of inter-
national coopern-tion . Second , while most airplanes are designed by eng ineers  without
much consideration for the passengers , the Concorde was built with close collaboration
betwt -c- n enqineers and physicians - a p l a n e  designed for passengers.
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