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A b s t r a c t
A n  i n n o v a t i v e  s p a c e  s i u i t  r 3 a I l e d  t h e  C o m m a n d / C o n t r o I

P r e s s u r e  S u i t  ( C C P S )  i s  d e s c r i b e r d  i n  t e r m s  o l l  p r o d u c t . i v i t , y
a n d  s a f e t y .  ( F i g  1 )  C o n c e i v e d  a s  B  c o c k p i t  f o r  E x t r a v e h i c u l a r
Ac t i v i t y  (EVA)  ,  the  CCPS prov ides  as t ronau ts  w i th  the

Figure L The CCErS js a cockpit for EVA

i n f o r m a t i o n  f o r  r a p i d  a n d  i n f c , r m e d  d e c i s i o n s .  O n - b o a r d
sys tems d isp lay  rea l - t ime  i :n fo rmer t ion  on  m iss ion  p rocedures ,
consumab les ,  nav iga t ion  and  emergency  opera t ions .

lGr i f f in  Design,  t l32I  Del - lcrest  Dr .  SE,  Huntsv iJ- le ,  A labama, 35803
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T h e  R i g i d  U p p e r  T o r s o , / H e I m e t  ( T R U T H )  a s s e m b l y  i s  t h e
con t ro l  cen te r  fo r  the  CCPS.  I t  :Eea tu res  in teg ra ted  in te rna l
d i s p l a y s  w i t h  d i s t o r t i o n - f r e e  o u t s i d e  v i s i b i l i t : y  r e s u l t i n g  i n
an  unusua l  f  ace ted  he lmet  < les  ign  .  As t ronau t  eva lua t  i on  o f
f u l I  s c a l e  e n g i n e e r i n g  t e s t  a r i l i c l e  w a s  u s e d  t o  r e s o l - v e
uncer ta in ty  over  the  unconven t iona l  con f igu ra t i , co .  Apo l Io  L '7
a s t r o n a u t  H .  H .  S c h m i t t  w a s  i n r r i t , e d  t o  t r y  o n  t h e  C C P S
e n g i n e e r i n g  t e s t  a r t  i c l e  b e c a u s e  h e  b r o u g h t  a
u s e r / s c i e n t i s t t s  p e r s p e c t i v e  a n d  t h e  e x p e r i e n c e  o f  3  l - u n a r
EVAs.  He  sa id  o f  th ,e  su i t  r son f ig lu red  w i th  wor i s t - case  1 - .9  cm
( . 7 5  i n c h )  p a n e s ,  ' r V i s i b i l i t y  i n  t h e  C C P S  i s  o b v i o u s l y
super ior  to  the A7-LB (Moon sui t  )  'u  and gave i t  e t  thumbs up.

K e y  f e a t u r e s  o f  t h e  s u i t  a r e  d e s c r i b e d .  C h i e f  a m o n g
them are  :  1  .  an  on-board  in f  o rmer t  i on  manage i l€ ro t  sys tem f  o r
g rea te r  c rew au tonomy,  2 .  cc ,ckp i t ' - l i ke  con t ro l  au thor i t y  over
ex te rna l  sys tems and  3  )  cos t  avo i r iance  th rough  a  gener i c  su i t
concep t  w i th  opera t iona l  capab i l i t y  i n  we igh t . l r : ss ,  l unar  and
Mars  env i ronments .

I n t r o d u c t i o n
W i t h  t h e  c u r r e n t  s p a c e  s u i t s ,  a s t r o n a u t s  m e m o r i z e

comp lex  p rocedures  and  use  cumbersome cu f f -moun ted  check l - i s t s
f o r  s  i n g l e  p u r p o s e  m i s  s  i o n s  .  F o r  e x p l o r a t i o n  m i  s s  i o n s  ,
e m p h a s i s  i s  o n  a u t o n o m y  b e c a u s e  f i e l d  j u d g e m e n t  r e q u i r e s
informat ion on-hand and conrmunic,at ion l inks a: re compromised
by  l - i ne -o f -s igh t  i n te r rup t ions  d r ld  t ime-de lay .  The  ex is t ing
s u i t  i s  n o t  d e s i g n e d  f o r  w a l k i n g  o r  o p e r a t i o n s  i n  a  d u s t y
planetary envi ronment , .  The don/d,c f f  procedure is  complex and
t h e  c o n n e c t i o n  t o  a  p r o p u l s i o n  p a c k a g e  l i l < : e  t h e  M a n n e d
Maneuver ing Uni t  (m{U) is  a backwerrd mot ion,  bI :Lnd operat ion.

eigure 2 CCPS and t ipace S'huttJ-e srde by side

|  ? - l

U T T T I I N



F u r t h e r m o r e ,  a t  I 2 2  . 5  k g  ( 2 7  0  l b s  )  r  t h e  S h u t t  I e
Ex t raveh icu la r  Mob i l i t y  Un i t  (EMU, l  i s  too  heavy  fo r  sus ta ined
p l a n e t a r y  o p e r a t . i o n s  a n d  r e q u i r e s  a n  e x t e n s i v e  l - 0 5 0  h r s  o f
h a n d s - o n  s e r v i c i n g  b e t w e e n  f l i g h t s i .  ( L u t z  e t  d I ,  1 9 9 1 )

A I I  o f  t h e s e  f a c t o r s  c o n s p J r r e  a g a i n s t  e l l f e c t i v e  s p a c e
e x p l o r a t i o n . B u t t  a  s p d r c €  s ' u i t  t h a t  r e s p o n d s  t o  t . h e
e x p l o r a t i o n  r e q u i r e m e n t s  h a s  b < l e n  d e s i g n e d .  C a 1 l e d  t h e
C o m m a n d / C o n t r o l  P r e s s u r e  S u : L t  ( C C P S ) ,  t h e  c o n c e p t  i n t e g r a t e s
t h e  b e s t  o f  e x i s t i n g  s u i t s  w i t h  c a p a b i l i t i e s  f o r  f u t u r e  E V A
opera t , i ons  .  (F ig  .  2 )  The  CICPS h .as  an  on-board  in fo rmat  ion
m a n a g e m e n t  s y s t e m  w i t h  i n t e r n a  I  v i s u a l  d i s p l a y s  .  T h i s
improves  p roduc t i v i t y  and  rsa fe t l z  by  reduc ing  memor izaL ion ,
e l i m i n a t i n g  t h e  c u f f  c h e c r k l i s t  a n d  p r e s e n t i n g  i m p o r t a n t
in fo rmat ion  in  e f fec t i ve  g raph ic  fo rm.  The  CCPS is  des igned
fo r  ze ro -g  and  p lane ta ry  wa lk ing  and  has  s ing . Ie  po in t  en t ry
tha t  m in im izes  the  severe  p rob lems w i th  dus t  con tamina t ion .
A  f r o n t - f a c i n g  a t t a c h m e n t  p r o v i d e s  f o r  e a s y  c o n n e c t  i o n s
w i th in  d i rec t  v iew and  the  ches t -moun ted  D isp fay  and  Con t ro l
Modu le  has  been  removed  s ign i f i can t l y  en la rg ing  the  EVA p r ime
w o r k  a r e a .

P r o d u c t i v i t y  M u I t i - p I i e r
P r o d u c t i v i t y  i s  i m p o r t a n t  f o r  a l l  s p a c e  a c t i v i t i e s  b u t

improvements  in  EVA y ie ld  enormous  leverage .  Cons idered  a
hazardous  and  s t renuous  ac t i v i t y ,  i t  i s  severe ly  cons t ra ined
by  t ime  and  L i fe -c r i t i ca l  resources .  Wi th  the  requ i red  buddy
s y s t e m  ( t w o  a s t r o n a u t s ,  t w o  s u i t s  )  a n d  n e c e s s a r y  a i r l o c k ,
s u p p o r t  e q u i p m e n t ,  t o o l s  a n d  s p a r e s ,  i t  i s  l a b o r  a n d
e q u i p m e n t  i n t e n s i v e .  A I s o ,  e a c h  E V A  h o u r  c o r r e s p o n d s  t o
c o u n t l e s s  h o u r s  o f  p l a n n i n g ,  s j - m u l - a t i o n  a n d  t r a i n i n g
i n v o l v i n g  u n i q u e  f a c i l i t i e s  a n d  m a n y  h i g h f y  s k i l l e d  p e o p l e .
For  examp le ,  the  4  as t ronau ts  p repar ing  fo r  the  Hubb le  Space
Te l -escope  repa i r  m iss ion  sp ren t  o \ re r  one  year  in  t ra in ing  and
c l o s e  t o  4 0 0  h o u r s  i n  u n c l e r w a t , e r  s i m u l a t i o n  a t  t w o  N A S A
c e n t e r s .  ( B u r k e y , 1 9 9 3 )  T h i s  i s  w h y  E V A  h o u r s  a r e  t h e  h i g h e s t
p r i ced  hours  in  space  .  The  CCPS improves  EVA per f  o rmance ,
reduces suppor t  equipment  and min:Lmizes t ra in ing .  ( I "  ig  .  3  )

TOP PRODUC$TVTTY :gNHA}TCE}TENTS

FEATT'RA BENEE'IT

Gener i c  Su i t .Si inqle sui t  system=low cost
V isua I  D isp lav . Improved accuracv  and recoqn, i t ion
I n te rna l  D isp lays  and
Con f - ro l  s

oChobscured v is ib i l i ty ,  J-arger pr im<
wcr rk  a rca  and  hanr i s  s f  av  on  the  iob

Reca1l .U[enu dri-ven allows random access
for  rnr i  r :k  ref  r iwa' l

Train ing . I .nherent  gual i ty  of  graphic and
vi .deo instruct ion reduces t rar in inq

Review I.n-sui t  r : rocedure review on-orbi t
Simul- taneous Access .Conparat :Lve assessment of

perrameters for  bet ter  decis ions
Complex Operat ions .Ciraphic and v ideo are best  f ;or

comorehendinq complex operat i .ons
Concen t ra t i on .![ands and eyes can stay on t.he job

wtr i le ret i l in inq voice contro l .
Comprehension .Graphics are internat ional-  etnd

relcrui re nrc int repretat ion

Figure 3t CCPS featu.res mal:e EVA more produtctive
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EVA Cockpit
I n  t h e  s a m e  w a y  t h a t  a  c o c k p i t  p r o v i d e  s  a  p i  l o t  w i . t h
i n f o r m a t i o n  f o r  c o n t r o l  o f  t h e  a i r c r a f t ,  t h e  C C P S  i s  a
c o c k p i t  f o r  E V A .  I n t e r n a l  c o n t r o l s  a n d  d i s p l a y s  g i v e
a s t r o n a u t s  r e a d y  a c c e s s  L o  s u i t  p a r a m e t e r s  a s  w e l l -  a s
i n f o r m a t i o n  o n  e n v i r o n m e n t a l  c o n d i t i o n s ,  n a v i g a t i o n ,
commun ica t ions ,  m iss ion  p ro r :edures  and  emergency  opera t , i ons  .
Because  space  su i t s  a re  too ls  fo r :  EVA,  they  mus t  be  des igned
f  o r  p r o d u c t  i v i t y  w h i l e  s t : L I 1  f  r u n c t  i o n i n g  a s  a  p r o t e c t i v e
g r a r m e n t . T h e  C C P S  i n t e g r a t e s  a  c o m p l e t e  i n f o r m a t i o n
m a n a g e m e n t  c o n t r o l  c e n t e r  w i t h j . n  a n  s e a m l e s s  R i g i d  U p p e r
Torso /HeLmet  (TRUTH)  assemb.Ly .  i l o in ing  the  he lmet  and  upper
to rso  no t  on ly  e l im j .na tes  the  neck  r ing  as  operab le  hardware
and  po ten t ia l  l eak  pa t .h  bu t .  a l l ows  a  con f  i gu ra t  i on  tha t ,  has
bo th  exce l len t  i n te rna l  and  ex te r t :a I  v i s ib i l i t y .

No More Box on the Chest
Some day ,  v in tage  space  su i t s  w i l l -  be  j -den t . i f i ed  by  the

b o x  o n  t h e  c h e s t .  T h i s  b o x  o r  D i s p l a y  a n d  C o n t r o l  M o d u l e
( D C M )  w i l - 1  r e p r e s e n t  a  e r a  w h r € n  a s t r o n a u t  s  h a d  a w k w a r d
c o n t r o l  a n d  l i m i t e d  d i s p l a y  o f  t h e i r  s u i t  s y s t e m s .  O p e r a t i n g
the  DCM requ i red  the  head  to  be  a t  an  uncomfor tab le  ang le  and
i n  s o m e  c a s e s  I  a  f r e s n e l .  l e n s  a r e  n e e d e d  t o  r e a d  t h e
c h a r a c t . e r s .  ( G e r n u x  e t  d I ,  l - 9 8 9 )  T h e  c o n t r c l s  a r e  e i t h e r
obscured  f rom v iew o r  d i f f i cu l t  to  see  and  requ i re  as t ronau ts
t o  w e a r  a  w r i s t  m i r r o r  t o  r e a d  t h , e  i m a g e s .  ( F i g .  4 )  A I s o ,  f o r
p lane ta ry  opera t ions ,  Apo l lo  p ro r red  tha t  dus t  w i l l  i n te r fe re
w i t h  e x t e r n a l -  m e c h a n i c a l L  c o n t r o f s  a n d  n n a k e  d i s p l a y s
u n r e a d a b l e . F o r  w e i g h t  l e s s  o p e r a t  i o n s ,  t h e  h a n d  i s
p a r t , i c u l a r l y  i m p o r t a n t  f  o : :  b o d ' y  r e s t r a i n t  e i n d  s t a b i l i t y .
Remov ing  a  hand  f  rom the  j  ob  to  opera te  'Ehe  DCM means
f o r f e i t , i n g  a  w e l l -  e a r n e d  r 3 r i p ,  b r e a k i n g  c o n c e n t r a t i o n  a n d
compromis ing a cr i t ica l -  worJ< posi 'E. ion.

Figure 4 The CCPS enlarges :t,he EVA prime work area
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T h e s e  d r a w b a c k s  c o m b i n e d  w i t h  t h e  e x t r e m e l y  I i r n i t e d
s ing le - I i ne ,  !2  charac te rT  a , Ipha- :numer ic  d i sp lay  revea led  the
de f i c ienc ies  fo r  exp lo ra t ion  and  p rompted  deve lopment  o f  the
Command/Contro l  pressure Sui t  (CCI ' }S)  .

F o r  p l a n e t a r y  o p e r a t i o n s  r o v e r s  a n d  h o p p e r s  a r e
s i m p l i f i e d .  A s t r o n a u t s  i n  t h e  C C P S  c o n t r o l  v e h i c l e s  f r o m
t h e i r  c o n f  o r m a l  c o c k p i t ;  n o  p r e s s u r i z e d  c a b  o r  v e h i c l e
a i r lock  i s  requ i red .  Th is  means  tha t  w i thou t  compromise  to
p e r f o r m a n c e ,  v e h i c l e s  a r e  l i g h t e r  a n d  E V A  t  i m e  i s  b e t t e r
u t i l i z e d .

Eyes,  Ears and Mouth
Compared  to  o ther  methods  o f  commun ica t ion ,  v i s ion  has

t h e  g r e a t e s t  i n f o r m a t i o n  d e n s i t y ' ,  i s  t h e  q u i c k e s t  a n d  m o s t
a c c u r a t e  .  T h e  C C P S  w a s  d L e s  i g n e d  a r o u n d  i n t e r n a l  g r a p h i c
d i s p l a y s  .  T w o  l i q u i . d  c r y s t a l  d i s p l a y s  ( L C D s  )  p r e s e n t  a  f u I I
range  o f  i n fo rmat ion  in  a lpha-numer ic ,  gauge-d i . sp lay ,  d iag ram
and v ideo f  ormats .  (F ig .  5  )  Col -or  and b l ink ing : f  eatures are

Figure 5 InternaJ- displays prcrvide J'egibJe and reJ-ialiole information

i n c o r p o r a t e d  f  o r  c o d i n g  a n d  c r i t , i c a l i t y  r a n k i n g .  I n
a d d i t i o n ,  l i k e  c r o s s - c h e c k i - n g  t e r m p e r a t u r e  a n d  o i l -  p r e s s u r e ,
the  CCPS o f fe rs  s imu l taneous  v iew ing  o f  mu l t , i p le  pa ramete rs
fo r  a  compara t i ve  assessm€:n t .  Ano ther  impo : : tan t  po in t  i s
that  by having most  in f  ormal [ . ion presented in  a v isua]  f  ormat ,
hear ing  rema ins  ava i lab le  fo r  essen t ia l  commur r i ca t ions  among
E V A  c r e w  m e m b e r s  a n d  b a s e  o p e r a t i o n s .  L i k e  a i r c r a f t ,  t h e
CCPS has  a  qu ie t /da rk  cockpr i t  us ing  v i sua l  anc l  au ra l  s igna ls
to  in fo rm and  a le r t  the  as t ronau t .

.  F F I

G T ] - I I ] - N



V o i c e  a c t i v a t e d  s y s t e m s  o f f e r  c o m p e l l i n g  b e n e f i t s  f o r
EVA.  The  eyes  and  hands  rema in  on  the  job  wh i le  na tu ra l
language  a f fec ts  con t ro l .  Commerc ia l  sys tems a re  matu re  and
rout ine ly  operate in  h igh-noi ,se en 'u i ronments.

Head- to -Toe  Enhancements
T h e  f o l - l o w i n g  i s  a  d e s c r i P t i o n  o f

f e a t u r e s  o f  t h e  C C P S .  ( F . i g .  6 )
s o m e  o f  t h e  k e y

CCPS Key Features
1. Emergency strobe light
2.  .L ights
3. Video camera
4. Communications
5.  Protect ive v isors
5. Speakers
7.  Internal  d isplays
8. Microphones
9. Rear Entry
10.The Rigid Upper Torso/

Helmet (TRUTH) assembly
1l-.Port,able Life Support

System (PISS) unbilcal
12:PLSS backpack handle
L3.Shoulder st raps

(for  gravi ty f ie ld)
14.Comfort  ] iner
15 . Thermal /micrometeoro id,/

dust garment

Figure 6 Key .F'eatures of the CCPS

A p o l l o  e x p e r i e n c e  d e m o n s L r a t e d  t h e  a b r a s  i v e  a n d
deb i l i t a t i ng  charac te r i s t i cs  o f  l unar  dus t  .  "  .  .  .  desp i te  c rew
e f f o r t s  t o  k e e p  w r i s t  r i n g s i ,  n e c k  r i n g s  I  z i p p e r s ,  a n d  h o s e
connectors c l -ean and lubr icated,  Lhese became s ' t , i f f  and balky
w i t h  u s e  a n d  e x p o s u r e  t o  l u n a r  d u s t  .  "  (  J o n e s  a n d  S c h m i t t ,
1 ,992)  Wi th  rou t ine  mat ing  a t  the  neck ,  bo th  wr i s ts  and  mid
to rso ,  the  cu r ren t  EMU presen ts  subs tan t ia l  oppor tun i t i es  fo r
dust  contaminat ion.  The CCIPS has a s ingle rear  entry  which
m i n i m i z e s  e x p o s u r e  b y  k e e p i n g  a l l  j o i n t . s  a t t a c h e d  b e t w e e n
main tenance  per iods  .  (F ig  7  )  Th i rs  a l so  f  ocuses  dus t  con t ro l
by having one easi ly  c leaned and i .nspectable j -n t .er face.

An Inf  ormat  ion Managemenl l  System wi th i  n  t  e  rn a I
v isual  d isp lays i  s  the hear t  (  and bra in )  o f  the CCP S .  This
personal  contro l  center  prov ' ides ast ronauts wi th the aut .onomy
f  or  saf  er  and more product  ive EVA.

T h e  C C P S  i s  e q u i p p e d  w i t l :  a  s a f e t y  s t r o b e  l i E h t
a t tached  to  the  top  o f  the  backp iack .  I t  se rves  as  a  v i sua l
l o c a t o r  a n d ,  b y  a  f l - a s h i n g  p a l r t e r n ,  s i g n a l s  s i t u a t i o n a l
s t a t u s .  T h e  v o i c e  a c t i v a t e d  l i , E h t  p r o v i d e s  i d e n t i f  i c a t i o n
when separat ion d is tance and cer te i in  l ight ing condi t ions make
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Figure 7 SingJe point ent:ry minimizes dust contamination

a s t r o n a u t s  d i f f i c u l t  t o  s e e  .  B e c a u s e  o f  l i m i L e d  r e s o u r c e s  '
r e s c u e  t i m e  i s  c r i t i c a l .  F o r  r a p i d  i d e n t i f i c a t i o n ,  t h e  C C P S
has  bo th  a  RF emergency  loca to r  s :Lgna l  and  a  sa fe ty  s t robe ,

Mounted to the outs ide brow por t ion of  TR'UTH is  a v ideo
and  l i gh t  assemb ly .  Th is  p rov ides  ex te rna l  I i gh t ing  and
camera  f  o r  i n -su i t  o r  b roar l cas t  v iew ing  .  Vo :Lce  con t  ro l  o f
t h e  a s s e m b l y  k e e p s  h a n d s  f : r e e  f o r  c a r r y i n g r  r e p a i r i n g  a n d
exp lo ra t ion .

Pro tec t i ve  v i so rs  cov 'e r  a l  l  panes  and  a re  con f  i gu red
fo r  each  miss ion .  Louver  pane ls  con t ro l  hea t  ga in  ye t  a l ]ow
for  overhead v iewing on demand and other  v isors prov ide g lare
con t ro l  and  sc ra tch  p ro tec t ion .

Un I i ke  bubb le  he lmets ,  the  CCPS f la t  "w indow"  panes
o f f e r  d i s t o r t i o n - f r e e  v j . s i b i l . i t y  r e g a r d l e s s  o f  g l a s s
t h i c k n e s s  .  A l s o ,  l - i k e  i n  a t t a c k  h e l i c o p t e r s ,  f a c e t e d  p a n e s
are  used  to  con t ro l  i n te rna l ,  re f  l r : c t i ons .

The CCPS modular  backpack prov ides a c lean and log ica l
in te r face  fo r  changeou t  and  upgrade  o f  l i f e  suppor t  sys tems.
T h i s  i m p r o v e s  o p e r a t i o n a l -  r e a d i n e s s  b y  h a v i n g  a n  e a s i l y
ins ta l - Ied  backup  s tand ing-b :y  and  reduces  1 i f  e -cyc1e  cos t  s  by
hav j -ng  a  s ing le  su i t  des ign  f  o r  i a l l  m iss  ions  .  Backpacks  f  o r
d i f f e r e n t  e n v i r o n m e n t s ,  j - n c l u d i n g  n o n b a c k p a c k  u m b i l i c a l
p la tes ,  use  a  conmon in te r face .

W o r k i n g  a g a i n s t  t h e  p r e s s r L r r e  i n  a  s p a c e  s u i t  g l o v e
causes  fa t igue  tha t  d i rec t l y  e f  f rec ts  pe r fo rman,ce  and  sa fe ty .
T o  r e d u c e  f  a t  i g u e  a n d  e r n h a n o e  g r a s p i n g ,  s t r e n g t h  a n d
r o t a t i o n a l  c a p a b i l i t i e s ,  a  C C P S  g J . o v e - m a n i P u l a t o r  i s  a
m i s s i o n  s p e c i f  i c  o p t i o n .  ( F i g f  .  B )

T h e  s t r u c t u r a l -  m i d , - s e c t i o n  i s  a  u n i q u e  f e a t u r e
o f f e r i n g  s t i f f n e s s  a n d  s t r e n g t h  f o r  t h e  s u i t  a s  w e l l  a s  t h e
in te r face  to  a t tached  sys tems.

A  f  o r w a r d -  f  a c i n g  : l n t e r c o n n e c t  i s  a n i m p o r t a n t
produc t i v i t y  fea tu re  tha t  takes  advan tage  o f  no rma l  fo rward
movement ,  and f  orward v is  i lb i l i ty  f  or  EVA op€)rat  ions .  Two
b l a d e - l i k e  t i n e s  e x t e n d : E r o m  t h e  s t r u c t u r a l  m i d - s e c t i o n
p r o v i d i n g  a  s t r o n g  m e c h a n i c a l  c o n n e c t i o n  w i t h  e x t e r n a l
s y s t e m s .  A  d a t a  c o n n e c t i o n  e n a b l e s  t h e  c o u p l i n g  o f  a  C C P S
c o c k p i t  w i t h  a t t a c h e d  s y s t e m s  i n c l u d i n g  p r o p u l s  i v e
m a n e u v e r i n g  u n i t s ,  h o p p e r s  a n d  r o v e r s  .  T h i s  h a s  p r o f o u n d
s y s t e m - l e v e 1  b e n e f i t s  b : y  r e < l u c i n g  h a r d w a r e  m a s s  a n d
complex i ty  whi le  improving operat ional -  t ime l ines.  This  is
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Figure B Mars configuration urith gTove-manipuTator

an improvement  over  the ex is 'E ing I ,MU because i t  substant ia l ly
reduces  suppor t  equ ipment ,  p rov i< les  f  o r  an  eas  ie r  and  more
n a t u r a l  m e t h o d  o f  e n t  r y  /  e x i t  a : n d  i n c l u d e s  a n  i n t e g r a t e d
dock ing  e lement  ra ther  than  a  separa te  a t tachment .  (F ig .  9 )

rigure 9 The Interconnect simpJifies 0-g maneuvering

S u r e  f o o t i n g  i s  e s s e n t i a l  f o r  s a f e  a n d  e f f e c t i v e
p l a n e t a r y  a c t  i v i t y  . F o r  w e  i g h t  I e  s  s  o p e  r a t  i o n s  ,  f o o t
res t ra in ts  reac t  fo rces  and  in  reduced  g rav i t y  boo t  t rac t ion
p e r f o r m s  t h e  s a m e  f u n c t i o n .  l l h e  C C P S  h a s  a  s u r e - g r i p
o v e r b o o t  s p e c i f i c a l l y  d e s i g n e d  t o  i m p r o v e  t r a c t i o n .  ( F i g  1 0 )
A  t r i a n g u l a r  r i b ,  r a t h e r  t h a n  t h e  A p o I l o  s q u a r e  c r o s s -
sec t ion ,  € I im ina tes  s l i pp ing  due  to  rocks  be ing  lodged  in  the
boo t  t read .  F Iex  po in ts  a long  the  s ides  and  a  spec ia l  rad ia l
toe gr ip  fur ther  improves the ground contact .

Fal l ing down Safe
Sui ts  designed for  p lanetary operat ions must  accommodate

wa lk ing  and  o ther  g rav i t y  r :e la ted  ac t i v i t i es .  A t  the  same
t ime,  su i t s  mus t  be  des igned  to  fa l l  down.  t 'On  th ree-day

J
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Figure 10 CCPS t : read improves tract ion

m i s s i o n s ,  a s t r o n a u t s  f  e 1 1  r e p e i l t e d l y O n  o n e  o c c a s  i o n ,
C h a r l -  i e  D u k e  l - a n d e d  o n  h i s  b a c k p a c k ,  f  o r t u n a t e l y  w i t h o u t
c o n s e q u e n c e r r  ( D u k e  a n d  D u k e ,  L 9 9 0 )  T h e  C C P S  i s  i n t e n d e d  t o
be  faLJ - ing  down sa fe .  Th is  t rans la tes  in to  a  ph i losophy  o f
c o n s e r v a t i v e  d e s i g n  i n c l u d i n g  p r o v i s i o n s  f o r  c o n t i n g e n c i e s .
D e s  i g n  s a f  e t y  m e a s u r e s  i n c . L u d e  q e n e r o u s  s a f  e t y  m a r g i n s  f  o r
the  en t i re  p ressure  s t ruc t rL l re  w . i th  s t ronger / th i cke r  he lmet
g r a s s  a n d  w e r l  u n d e r s t o o d  m a t e r i a . L  a n d  p r o c e s s e s .  ( F i g  1 1 )

rOP SAFETT SNHANCEI,TENTS

rEATt'RE BENEFIT

Fewer  sea ls .Long l i fe,  minimum leak and fewer
f 'a i  l r r res

Buddv-brea the o l l m a r a o n r r u  c h a r o d  t r r o : f  h i  n d  q u q f

F la t  "w indows" .Th icke r  pane ls  w i thou t  d i s to r t i on
and  no  in te rna l  d i sp lav  re f l ec t i on

Guardian AngeI .On-board sof tware for  emerEency
h e l  o

S t robe .V isua l  s igna l  fo r  l oca t ion  and
q f  a t r l q  ( q f  p a r i v  n r  f  

' l  
a s h i  n r r )

Vo ice  Con t ro l .AI Iows conmunicat ions wi th hands
. l a r . r r r r i  e d  o r  i  n ' i r r r o r l

V i s u a l  D i s p l a y " C l e a r ,  d i r e c t  i n f o r m a t i o n ,  i e . ,
vectors on the quickest  path to
she l te r

Figure 11, ?he CCPS js designed for safe operations

Human exp lo ra t ion  o f  space  re l i es  on  long  and  f requen t
EVAs .  For  NASA I  s  F i rs t  Lunar  Ou tpos t ,  34 ,  B  h r  EVAs a re
proposed  fo r  a  45  day  m iss ion .  A  su i t  accommodat ing  a  ta rge t
of  200 |  8  hr  EVAs is  reconrmended f  or  p lanetary v is i ts  by E .  M.
Jones  and  H.  H .  Schmi t t  .

Unl ike the EMU, the CCPS has a buddy breathing system
wi th  an  eas i l y  reached  umb i l i ca .L  des igned  fo : r  s ide -by -s ide
wa lk ing  .  As  par t  o f  the  in f  o rnna t  i on  management  sys tem,  a
g u a r d i a n  a n g e l  s t a n d s  w a t c h  a w a i t i n g  a c t i v a t j - o n  a n d
prov id ing  emergency  ins t ruc t ions .

Coord ina t ion  and  s tab j i r l i t y  a re  l i nked  to  manag ing  the
combined  su i t /as t ronau t  cen ' te r -b t -g rav i t y  (C .  G)  .  The  CCpS i s
des igned  w i th  th i s  in  m ind  and  u rn l i ke  o ther  su i t s ,  the  CCeS
backpack  does  no t  phys ica l l y  a t te i ch  to  the  back .  To  p rov ide
a  f  avorab le  C .  G ,  the  CCPS "backpack"  s lopes  :Eorward  and  in
essence  wraps  a round  the  body .  I r : r  add i t i on ,  the  cond i t i on  i s
fu r the r  improved  by  loca t ing  h igh  mass  e lement .s  such  as  the
ba t te r ies  w i th in  the  s t ruc tu ra l  m, id -sec t , i -on .
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