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Figure 1. Dynamic Env ironmen t Simulator
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The dynamics of the attacker aircraft were representative ofan advanced high performance fig hter with
fly-by-wire controls and sustained turning capability of 10 G The dynamics were supp lied by the Flight

Dynamics Laboratory Five degrees of freedom were simulated and the range to the target aircraft was
fixed at 1000 feet. The dynamics of the target aircraft were identical and it was programmed to fly a
specified turning trajectory.

The target aircraft was a CRT representation of a three dimensional F-15 class t ighter with a 50-foot
wingspan. All ang les and positions were represented The gunsi ght was a simulat ion of the F-15 si ght.
except that it was fixed with respect to aircraft fuselage aim with no lead computations V During the runs ,
the pilot ’s stick pitch inputs commanded both the vertical display error and the DES G level through the
simulated aircraft dynamics.

The subjects’ personal equipment during the runs consisted of fli ght suit , anti-C suit , flight gloves , a
cloth harness for emergency egress, and a modified helmet with a laser ear oximeter installed

The filling pressure schedule in the anti-G suit was the same as reported by Frazier et al , 1975 . that is .
the pressure was proportional to the upright or Gz component of the total G vector.

EXPERIMENTAL DESIGN

A subject ’s task during each run was to track the target within the gunsight reticle as close to the center
pipper as possible. The target flew a level turning trajectory as shown in f igure 4 with peak G levels of
1.6, 6, 8, 9 or 10 G. The seat back angles tested were 200 , 50 and 65~

lOG
10 SEC

10 SEC O.75G. ’ SEC

G/SEC 1O
6

~~EC 4G
20 SEC

‘ I
, 

075G SEC

- 
l.6G ~~l~~ G

Figure 4. Target G Profile
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V t r a c k i n g  pe r to r ’ tnanc - 111 , 1 a l l o w e d  i t  I I I  l I l ’ C s I l i l t ’  i s v t np t o t l c .  Fi n a ll y , t i l l ’

-.uls cct made th ree  u i v r s a n s i c  r u n s .  t r z t c k u i g  V. liii the cl s — . i ’ s i  11111 1) h I S  ~ i l i o l t i t  u n g  a c t u a l  i I , s t a  1 ) 1 1 1 —

DATA COLLECTION AND ANALYSIS

Performance data were re ’ci lrded on d i g u t a l  t l i agn e t ic  t a pe  f o r  pss ~ i n i l  t e r i a l v ~~u~~. Its t i dd i t  ion .  - l Im e

real— time reduction Wtis dorm on t h e  c’lItilputer ttui ’ sUilj(’ct it’e (hhthl’k sl’ l l i ’ e1. i f t i r  eac h r u n .  F r  t i l l ’

V preexperir siental setup tim id on —line r l i o n l t s h i ’ i r i g .  a s t I l l )  c h a r t  n i - c l I r I l I r ss i— also t ’ t l l p l s s y i ’ ( i

The run data  we re I’ (- clsrd ed at 25 sam ii p l& ’ s ~ ‘c sus ~ls ‘l ’he i l s l l l s w l f l g  \ I I ’ h , l l I I l ’ - 5 5 1 1 5 ’  i n c l u d e d

\‘eri cal aiming error I m n i l l i r ’ t i d j i r s s

— 

Lateral Ii  r i l i n g  error’  I mullI radt IISS I

St ick  p i tch  o u t p u t  l b s

— R o l l  r a te  I ra(lians ((V I

Pi tch rate ‘r a d i a n s  Sec

\IIr ’r i l tul ( .  p lan t  o u t p u t  I t  ~i ’c~’ I l)ES c u m r t n t a n d  I

Sub je ct ’ 1- hea r t  r t i t - ‘111 111. l i l i m i l

S i ih t i ’c t ’ —. t i i ’ t i ’ i - i ul oxvg e m i  s u t t i r ’ t I t I l i m s  , °~~ i V I I  s I T  I s x i m e ’ t e ’ i ’ ’

- — l i l t  fIl ’ l ’ oSii rI ps II

For  flUI ’l III-n ’o l i t  s t i l l  ccl t s ’ l ’ ( l i s t l l  C .  I I I ’ ’  5l l CI I I  t 1L9 ’ s s i  I t  liii’ t h a t  t i ll ’  hi r c l ’ t  I l l  I ’l l i t  55 1- V. i t  h u t s  I he’ ~ I I \I 1
C u m i - i g h t  l i t  I c Is - w i —  lli e I - l i r l ’ s l  111( 1 d i sp lav ( ’d  i f t e t ’  i l c i l  I ’ \ f I l s - l l r s ’  I h i -  l ’ \f s l ’ r l  t i~ers t i I r I — l i l t —  ~V s ’I ’ l ’

s 1 i i i r i t i t i e ’ d  f l y  t l t H I l L , I l  1 1 , 1 1 , - I —  penilt rnn’d 1 10 I ’ V l ’ r l i  v i n l Il lI l ’ —  a- f u n t ml of U — t n ’ — -  t u m i d  - s a m  i s t s ”k

I l l  c l i ’  H i , ’ — 011 ,1— I l  r ’ ‘ i i  ‘ ‘l i t is I ’ l l ’  l ’ I s l l ’  s t I l l  l o t s  I p i ’ l ’ lo I ’ml l i n d ’  b r  t h e ’  I I I  l ‘( ‘50111 ~ 1k ( ‘ ‘ I ’ l l  s t  ‘ i i .

2 i i  — e s ’ s ,  n s i  l i i  t r . i ck ing  ~~I ’l ’ l s ’  t u m l l i  1 i t ’  t I , t , 1 I  t i  i l l ’  I t  t i c  1 ’ \ t s s b llt ’ t’ .
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l’ t ’ r ’ ( ’ i ’ t i t l _ i l ’  t i l i lt ’ s I l l  I l l _ i s - i

i s  ‘ m i _ i s ’  RNIS  t’ t ’ u ’l t r ’

\ u i i l l s ’u ’ s t  ( ‘ t i l l S ’  t e ’ r u t i i n i i t i o m i ’.

K i l l s  l I l e ’ t u u i e ’ d  is w h i t - t I t e r ’  a 1. 1 - se d l h l i d  (iV.’e’lI t i n l i -  on t a rge t  was achi e’v ecl  Ill ’ r iot I

‘l ’he ’ s i n s t e ’ r ’ u i i i  mi t t  i l i r i s  we’re sonie ’t i r il es c nise ’( i  l i v the ’ i r ’ i a l ) u h u t v  I i f ’ th e ’  sul )ject to keep the target on the
- I r s ’ s ’  ii i t  h igh U m d  mi ol h e r s bv  i r l s pe r i ( I i r i g  b l a c k o u t .  The 1,4-second dwe l l  t ime’  fllr i k i l l  was arriv e ’d at

‘ i i  t h e  i lasu s  of r’ e’v i ’ss I iig e’xI e ’iis i se ’ gun  e m  n iera (1 11th  I I )  del ermn in s ’  the ’ average dwe’l It i me required for a

g u n  kill. ‘fte’ e er ’ l \  t e u ’ u t l i  n a t  i s l i l s  t imid  ( I we l l  t iou’ ‘ ‘k i l l s ’’ ss’ i ’r e ~i ’ l i ’c tes h because ’ the  could i l l -  e’ t s ilv

r e l a t e d  to  r I o t  wt iu ’ l d  comn hs it pe r ’foi’ mis an c e ’ concept s of ’ e’uther’ losing the’ tai’ge’t s I r  k i l l i n g  i t .

In ld ( h i t  I o n  h i  t h e  object e.’ e’ pem ’IiIr ’iiltlnid e (lit a. suhj i ’c t  is ’e d i i i  (t e l ’ s ’ t oken s  on q u e s t t o n a m u ’ e’s the subjects
(‘l l n l i p lete ’d t i t t e r  t e l l  of t h e i r  r uns  V. ‘re f i n i s h e d .  I hese’ qu est i onai re ’s  V. ( ‘ic used to supp lement  th e
IIl)j e’ct i se ’ n i ’s i l  I t s , p in poin t  a ny  t’ i t i s i ’~ of ’ pei ’forr i iance change’s . and cllr i ’e ’late se ib je ’ct workload w i t h
pe’ r’f I r m i s a  r ic e ’ , A samp le quest rhIn o t r ’e’ l~ shlhss’n in  the ’ A ppe ’n di x.

MEDICAL MONITORING

‘l’he’ m edical  s i l ’e’tv ns ’l I l r i i  t s s r i n g  bin’ this experiment d h l n s i s t  cd  o fd at m t aken  before’ , d u r i n g ,  and after each
r u n ,  I’re’- and  post rut s  i i a t  a i msc’ iuded a 1 2 — l e a d  elect rocam’di ogra m , pul m n o n a r  funct ion  test ,  and blood

sa m p les to de ’te ’rr ’nine e’n zv m i i e  levels , A 24 - h ou r  post r u n  bloo d s imp l e’ sy is also t aken ,  D u r i n g  the  runs , a
q u a l i f i e d  niedi t’al doctor m u on i t i l r ’ e’d i~i’ti I - t i  me elect rucai’d lhigr a  n i d i sp l a vs . cardi otachometer .  Vii  ICC

l ’Ilnlsmun idit i o r s , color ‘l’ \ ’. tui d ~1rt i ’r’ i al  I l xvg e ’n i  s a t u r a t i o n  take ’n f ’r llnsl Mu ( II’ ox i r u ie te r ,

RESULTS

The r s’ — u I t s  sf t h e  — t 11515 ’ w i l l  hi .’ (h sckisSe’d f i r ’ st irs t e r m s of the ’ (bb j e ’ct iv e pe ’r lor ’rna r ice n ie lsur es  used , An
a t i l I V I s t  y t I r l I n c I ’  was p e ’r form iie d on each v a r i a b l e  w i t h  consis t en t  r e su l t s , In  each (‘ 155’ the a n a l y s i s
sho wed — i ~~r i i  ti cance  at t h e  . 01 level  or be t t er  h i- i  wt ’en t h e  pe ’i’fot’n itu flIt ’s at the  v a i ’u ous  peak U leve l s , as

sve l  I I~ ( l t u r i m l g  the ’ 1- ( ; t m ’ack im s g p e r io d s  f o l l s s w i n g  th ose  peak U ex p s s s u n 1 ’~~. H owever . u n i v  one nuie’ a sur e’ ,

t he ’  us u 011 11 ‘r S If e a r l y  rt i  n t eros not  bI n s was st It st nea l  ly sen s i t i v e  I s  s ea t  back a n g le. In  (It her words , the ’
si lt  back ang le ’  l b  f’l ’el,’ ted t h e  le ngth If Ii me a ~u h; ect coo Id t r a c k  It a gu s e n  ( level , hu t  not nsecessaru lv

— 
h lbw we ’ll h s ’  t r a c k e d ,

‘I ’he 0 r -t  v ir’i ihs le ’ , perc ent  t i  tOt ’ on I I  r~ i ’t , is pne ’se ’nt e ’d in  t a b l e  1: Ii  was ca lcu l I t e l I  over t h e  e r l t t r e  period

If i ’~~’b r u n ,  l’ i ’ r k  m d  4 -U t r i c k  im i g  p i ’u ’ I l Ids  we’re ’ added th l g ( ’the ’r .

T\ul,F: 1
l’ER (’EN’l’ ’I’ l \ll’~ ( )~s,

’ ’I’AR(’,E’l’

( ;  1,, ’i s f  111 ( 11? .SE ’ I I t  /1 m i gli ’ ,lfI ’Iit b

h i  7 1 . 1  ~~

“ I I  I tE . ’~ 
s , ~, ,‘~7 S b

I I I  i l l  S b  ~.“ I
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l ’hi e ’ 5i ’( ’ l I i l l l  uuut ’ i s l u r ’ e’t h S’ t u i ’ i t i l h i ( ’  5 5 1 —  h i  \II ”~ I ’ l l ’ ’ 5 ! ’ l I l l ’ . (‘ l i l t  h i l t ’  (SIlo s t I t s , ’  _ I l ’ s ’ , i I ’ — I I m l t t ’ m  I —l I ll I I I  . 1 1

coniba t  Itt ru t  i s s i l  llihI d e’l I i  ng a no l  St_ I1 - i’ s n I p t u t  e’d . 01 1 1 , 1  r Ite I s  I ’ ‘r I t s ’ ‘ s C  U m d  I I  I I ’ ‘ I i , ,’ I I I  i s s s i -  I 1 ’  l u l l  i s

ti mid 51 I m i l l i i ’ sl ( i e ’ v i l i t i b l i hO  t n ’  gi “‘i ’ ll i i i  (tul s l I ’  2 , is i t  Ii t i l t —  s t _ i ’ l l ’  — i ml mt ~ l i i  I ’ l l  I l l —  H I s ’  1 1 1 1 1 ! ,  I s ’ ’  I i l l  ‘ I I l l  —

c onnp l e ’t e ’ h Io n’ e’t u~ hi (‘ lo t ’  I s  , I o s s  1415 I ’ l l ,  s o t  l I t  I t  1 , 1 s t  i s t ’ i l l  i t t e o h I l l  —

I . \ I I L I ’ . _ i
l~\ I ’  ‘ IR. .\i ‘ K I N i l’~R R (  I i i  \ t t t . ~—

i i : ,~ i~ I ’l’ l~ t I I I )
V u~, s i  i t s ’

5 5

i’s ’ I k t ;  — n II — is

I 5 ; . 1 1  II 7 I S I ll _ ?s I I —, ‘ ‘ ‘ ‘ , 5 ’  5

11_ i  I I  Is , ’ , H I  I . .

1. 0! I 12 . 7 1 15 1., S I 20 0 ‘ I  ‘ s  .~ 
; I

Il I l b  I ~~ 1. ! h b 2  5 0 7 I l  I I  I — t I l t  , , ‘ ‘

‘ I ’ t l , \ h ’K ! N h ; i ’ l ’ I U I I S I S . ,\ l b

~ s ’ ,ii \~, _ i J s ’
2 5 )  “III

I ’t ’ ik ,~ — II  1. I I  ~- I I

I . I s  . H 2  .‘ 1 5 1  :_ i ’ ; ‘ , l b  .‘ : .  5 1
ii I Ts I; I I I b I  i t S  I I _ i  5 l b  I I 2 1  1 ’ ’
.5 T i l b  “s b ’s (1 tEl I _ is1 l b  515 I S I  15 7

V 15 h I  . , l b  t I l l  7 s ; S ‘ 5 ’. ‘ ._ i— 2 I

The third  ;iie’~ surr ’tJ v~ i’i~ hJ e ti’a,s 51 i l s ’ t i l I ’ l ’ I run 55 15 t e r l l l i f l t l t e h l  l ’ a n ) i  , 1 0 1 1 1 1 d u l ’  n o  I ) l j .I 5 ’ J I i l i ~~~ i l l u c k s l u m
o r s imp lv h o s t n g t h e ’  i l l - _ i s - i  110 t h e e d ge’ s b t t h e  ( h i o t s I s i  — c r 1 - I ’ l l  ~‘ l I l C s ’  r h i n e  si n ’  n s b s u c h  s’ o’Iy t e ’ n ’ n s i n , l J s n —
in  any h I t the’ 1.6- or 6 5 ) - I  r uns . s Inily t l i i ’  ~~- , 0- , ar id l b - )  r u n s  ( 5 5 ’ ! ’ ,’ M o l l y / s i 1 , 1 1 1 11’  ‘1 o l I s l i s  I l l s ’  s ’ I s n I ’ h i t i I s l l
u n d e r  svhi ch th t ’  ea r ly  t e r m i n I t i l s I l s  hbcc’ur red . ‘I’ s- n ro l l s  were t i t t i ’O l p t e d  It  I-tech dssnllhllla t ;lIfl ssf
ang le and peak U leve l ,  An a n i I l v s l s  of v a r i a n c e  p e ’r tbs r ine ’d  lii l i i i ’  1. , 0 , l f l ( l  1 S S ~ b ; 1-i ll I — t i c -  — F i s o s , ’ , l  11011
ti l ls v tu r ia b hc ’  it_ IS sIgnif icant I i  t h e  5171 l e s t - I ,

‘ I ’ ,~ I 1!,FI :~
i ’ b ’ t ’ i~~~f~N( ’ b ~S ( ) 1~ ~~~~~~~~~~~~~~~~~~~~~~ OY U l .~: Vt , h .  \ ,\‘ l b  ~~V \ ‘b’ . \\ ‘ I. ~;’

Ss’;it ,\n gle ’  I . 51 s ’s ‘s

c b s  - . 4 S b  I i

1 1 , 1 , 1 !  , . 22 .1’

~Each ce/I ‘ilOXl” lil/ul 10
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t ? l I ’ f i n a l  , I ) I l I ’ s ’ T I S I ’  t ’ ,l l’ ! , s l s i , ’ h n i I l k / I ’ I i  ( i l l —  i t l s ’ i I l s  I ’  i l l s  1 . l i I ’ ; ’s ’ t —  a d m I t ’ S ’ ’  I k i l l 0 t o  l s ’ b , i u ’ s t  ) s i  l i i i ’

s V \ p e ~r I m 1 i i ~ n l t  ‘ l i s t i- . sshs’n hi’ m ’ m i l l ’ s  I i c h I I \ I s I  I l I n l i l O  1 0 1 5 5 1 1  s ’ \ 1 H 5 — i 1 1 1 ’ I I  I I — t ’s ’Is Ilbl m i n I m ’  I s i S  I n s t  s t l t l i m n i

he T sb I I l l !  Il I I i s ’ i  i n’e - t i t’ht ’ . ,‘\ It  6111 011 m it  i t i t  i~~l 15 ,1 i s  . ‘ i i , )  ‘ i  io , t hi t ’  k i t  1 5 1 1  I s  ‘ ‘ - I V I I  ‘ s m  ‘ ‘ , i ~ hi I ’  m I l l  I I

l i s t  in ~ i I ’ I s ’  4.  C s ’ s ’ i t ’  -. l l s i w  i l l t s ’ l l  1 1 1 1 d t u ’ t ’ l u l l o . j ) i l i ’ i h ( ’ L i l . l l  I \  i t  VS i t s ’ , ’ t i l i ! 0 S I ’  - I n s

I o I h i S . s n i s l - ~~i — , s  , s l t i l l _ I  I i 1 I l ~~~’s \ i  o n ’  t h i t ’  S ’ H l ’ H l \  mii i~~i il I s  / I i l I l i ! h i  t i l l  ‘ — s  . l ; s s ’ i I r s i s s I s s ’ m — s s s i i  0 1 5 1 1 ,  t 1 1 , t t  l i i

(‘i l l  I , s  si ) Is ’S 5’ I ’ 5 s  I ‘ ‘5 1 111 1 I l l : , ’

I ’ \ t l I  I’ . I

‘ F R t . \ l . ~ \ \ ‘I ’ l ’h l  I I ~~i ’ I ’ I b \ I b  K i l l ,  i h l t ’ b  I I I !  I \ t  I ’ t ) ’ ~~’

sic i ;  _ i l I  75 1 iH l ’~ 1 , 1

I ;  I ’ ’  s i  - 2 1.

i s ’  5

I ’ ’  I I  . 1

I I I  1. 2Ts ; 1 ‘ b

I’ . I ’ S ’S ’ 1/ ‘ ‘ , , , , ‘ , , ‘

1 , ‘t i i ’ . ’ da t a  i i i  ‘i’ i c qu l  red l I d  l i l I ’ , l I i s t  0 i l l s  ‘~~I l s  ‘ I I  1 1 !  i l ’  V S  il \i s ’ m ’ s s 1 I S  1 5 1 1 I o l l i l I l ’ s  I t  t h e

:I l i l l l l s ’ l  I l l  of ’his t
’s I I i l ’ d h t a  ions ‘ l ’ I ’  . \ t 0 1 5 ’ 1 1 ’ i i \  I f l  ~ I ’ I l 5 ’ l . , l ,  tf ls’!i ’ I sil \’,I ’n , 14 i ’ s ’ s ”  st I i  hi th is ’  i l l u l h , 5  i l , l i S 5 l

I t  ,i i t d  i l ’ ‘l’he ‘ s i t ’ ’  ii 1110 I I I  S I I I ’ O i l  - — u I l l  mn ar i’/.e t i , ’ l ’i ’~~ ss li lol ‘ —  i s ’  ‘ , , c i i  l l s ’ l I s s u l

• ‘ftc’ f i r s t  ( f l i t  s h l s b I  IsLi V il t he  -~ ii ij s’t ’to i s ,  d i i i ’  t h e  , 1 i i , s i ~ !i  5 1 1 1 1  I 1 I i t I m i t , I y  If I r l s n l i n i g .  : \ I t  i~ l H i s ’  - i s i i ’ s ’ i t o

cs , 1 i_ ,,h, ns ’ s lt h e t r a i n i n i c t , s i s s . o s t I t s d I S b r Y  r n t h e ’s e  rs’u’ s r s l s  W Ith IiiIn b S l ’ s \ U s i 5 i 1 l S I ’ \ s . i , i l ll i l j l ’ h t Ib ’ I t

h a t  t h e  I l I l I f l I I l ’ r  I I  l 5 l ’ 1’l l~~~ ’ 5 t 1 5 > ”  , i l s  1 . i s s ! s s 0 l s ’ I l  i j i s . s l i l s  11 1 14’ ~~U l h 5  Si lo I’XdI’—— ’15 b ’ . pt _~~ u s i  I t  s i ’ s , s , - ,’ ’’ I ti ll’

— — ~ , I s i  t , s k ~ ISO h i l s I l I d  — . 5 1 5  I s ’ — s ‘ o h >  t I l l s . ’ l’’ui ’t h t ’ i ’ , t h s  ‘~ , I t ’ l l  I lot  l u l l ’ s ’  Is ’I u t I  sj ~ I S O  I I I  I d  t f l l i  n i l  I S O

n o n —  ‘,‘, ‘ l ’s’  i i s ’ s ’ i h , ’, I SI T i c s ’  I i ’  ‘i !‘sl l’ l s ~, I I I s  I ‘ s 1 - tt 1110 I u ’s sm 1 i t  IC t o  I l v n I I n i  iC5 I ‘ I l l s  I h g  t I  i s s ’ H I l l ’ s ’  l u  t ’t i s ’ i t  I t

t I ’ I I I  s ’ \ 1 1 5  ‘ 1 1 1 1

• H” s i/ I l l ! >  / U ’ i)  ;Nk s ’d - ‘ ‘I - i i  ‘ “ I _ s ’s  t s ’  r.s I s ’ i s  ‘ t i n  I macking pentor-m inice ‘sn ‘Ich - s t  (“III 6011>1 ,1 IlI n, tr ss ii s

‘1 5 5 >—i  I , s  i s p — I  ,, ‘I’ lu ’v m O i s t  ‘ I i ’ ,,~ l S st at I V mue , r ’ :ill\ about I ‘I’hI’ Til l  a nd  ha 1-I l l s (tell’ I O s I I  , I t l s , i l b

t o il Ii Ts ‘I ’ll .’ 5,~I s y I l l s V  I - I I  ‘S i  ‘0 . i  I l , s ’ n l ’  55, 15 - ‘sills’ sI 1- C ’  s u i t s  s r i  I t  ‘lie S~ .> 5 5 5 — I l  lo l l  c lu i ’  I s  m i i i ’  I Ti

nii ’~ ~~ — : l i ’ t i n g l s ’  I i , - s hi ~~s.’,, uuits , m ‘ ‘ . ‘ . s~ I I  ‘ ‘ 10 11 1 t s s  h I s s ’  p r o d oc l ’hl  a sm a l l  l Is ’ i ’ tSIi ’IhlIInCi’ I S ’ S  n l l I I , I I 1

• (lI lt s t s ’ slI / / i t t  s — C . I t ’ s n  I - I  1 5 0 5 1 1 ’ ’  M i m I c  s i ( V I I I  klss ,i sh i t  1 1(6 _ b V I I t  a n g l l ’  In t h e  h i g h s  U r u n s  f t

‘‘ . s t  ‘ \ I  ClIn i l _ I I V I S I I (  r u t h  h l 0il , ’ t ‘ ( i ’ I  Ill , s ”, s ’ i ’ 5 2 l ’  ‘ ‘ I  0 1111’ T s b l  and  b iT , —s~~its 
,s \l’I ’ ;l’ OI ’it 1 5555!  C l ii

V r a t i n i Z  ‘ 5 TI . t’s; l~~d I ’ 1s t n h l i I i t \  1 ’ ’  I i l , i c k s ’ o t  “i i- LI v e n  .1” t i I s ’  n s ’ a - ’~ i b r  thi i’ high wlsu’ k l l l , I s l  il 20

0 (
~~oi .5/1 00 

/ois,’ ~— k s ” l  t i l l ’  .I l I I i , ’ I ’ i  t I  l ’ I ’ I I t t t ’  lI l Y u n u s u i b  Sl ’ s s i s t I ’ I ilo . such is dl o c I s m l l t ’ s m ’ t  , h l t t c k s s u t ,

, i l - s s n i s ’ n I , s t  I ’ l l , i l~ f l l , i k i n ’ O  , “ s l I i ’ s s l  l i l i s i l l - , t h a i  t h e y  m i o l ’ t  l u t i \ t  S - \ 1 I l ’ n l l ’ n d s ’ s l  I l l  I l l ’ , s t  h i s’ t h i s ’ s ’  — s i t

u i i ~~I s ’  The y n s’s 1 i ss llhhi ’ l h t h a t  h , -  c i t  _ s V 5 t  p s s - i t i s n  ca hi—l’ st ~ , s i 1 i b ’  I h i f f i c o l t y  ml m t i i n i t l ; i i i n l 0  V I — I l I l  . 1 1

I” , I l t l l ’ l ,  ih u s ’  t b l ; s . s r l i . S i  or . ’’ ’ ’  l i i I t _ ~~~ s l l > i i f l O ’  1 1 , 5 ’ S ;  - t i d f~s - l d ,  ‘ I ’h e ’ b i ’ s s ’ s t  S s I o I l l I I I l  ( t a , _ t I d S ’ I s l h i t l t i l h i l ’ sl s i
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RECOMMENDATIONS

U u st ’ 1h sin t lie I ’ Ins t I l  r i g  s’s l n s c ’ l u s l s i n s s - , t hi’ f ’e i l l t l s v I r i g  r ’ s ’ c ’ I l n m l T ! i i ’ I s ( h mt u u i n s  are pn’e’se’nuted :

• F’ i u i ’ t  lii i’ I ) I i—~ s- t  si l l s ’ s  ~h s s s t i l s I  h I s ’  (‘ t l m s d u c t e ’ d  t l t  1555’ s-, t h e  -‘ i ’ i i - t i t  i v i t y  o t t  r ac ’ki m ig 1wrf or ’ri i mnc t’ to — e a t  b u c k
t eng le ’ i m u (h i ’  m i l u n ’ r ’ i I t s  l i - S I ( m a i n _ i s ’ , St hr  ii sp e ’cm;mI emp h us is  on p e a k  U dum ’a t  m In i s  and  r e p m ’ t u t  1101- . I I I

U n n ’ l I y e ’ m ’  s’ un s s u l a t  is ’ s’ h i e n - f o n ’ n i l t l r s l ’s- I I I’ f a t i g s i e ’  e ’ t l e c t  -s . ‘l’bese st u d u t ’ —  s cu l l  e ’xp l tt n ’ m ’ the ’ si’ n ’, s , i t  it ’ l l  i i ’ —  u n cu t -

i’i’e’d i i i  th i s’ p m ’ s’ — u ’ i i t  I ’ \  p s ’m ’ i l i i l ’ n i t  t i l l s 1  pi ’i iv i sle ’  I I  inur e  L’Ilirsp Ie ’ t t ’  li l t 1  1) 1st’ I t f l  t he i’el it I I l I i ~~I I  u p  i b I - t  S’s (‘i’ll

p s ’ m ’ t l i m ’ i i l t l  n i t ’s- a r id  I —I i l ’ s-s.
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t his ’ ( ‘ s - l i t  i ’ i t ’i ige’  ini sl f ixed  bass ’ s i n n u h t i t  I i ’  s tu di5 ’s  ‘l ’his w o u l d  l) i’ 1 I V ; d ’  e’t ’f t ’ s ’t i v t ’ n e ’ ss da ta  in a r e m I t — I  is
l s l u i - l ’: I t i l i n s t u l  b l ig h t  e i i Vlm ’illiilie’ n’it and nse ’tisun’e the ’ ac’t ,’ t _ ’p ta ln im ty  s s t  this’ ciinics’pt and mmp le ’mt ntat I ssn l
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APPENDIX

POSTEXPERIMENT QUESTIONNAIRE

1, 1)id you consider t h e  a m o un t  and q u a l i t y  si t ’ t rio o h  rig t s t  lie’

Inadequate
Satisfactory
Excessive

Comments:

2. Rate your tracking performance for each seat c o n f i g u r a t i o n s :

POO R
20 1 2 3 1 T1 i; 7

1, 50 I 2 3 4 71 I s  7

65 1 4 71 i s

Comments:

3, Rate your workload in each seat configurat ion for the hig h G runs  ‘6 , ~~. 0, 10.

• LOW i i i t ; i i
2) 1 1 2 :t .1 TI l~ 7
50 1 2 3 4 5 6 7
65 1 2 1 4 71 6 7

Comments:

4. Did you encounter uni que problems blackout ,  pain ,  discomfort , disori entation, control input s , e’tc, I

.‘ at any of the three seat angles?

5. General comments on the study, seat , task , procedures. etc .

6. Was light loss/blackout a significant  factor at the fol lowing Ce) f ld i t io n s?

1,6 6G SG 9 lOG

20’

50’

65
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