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Several c o n s t r u c t i o n  approaches using a variety o f  

mLt te r id ls  were evaluated to o b t a i n  a s u b s t a n t i a l l y  improved 

u m b i l i c a l  hose as sembly  and PLSS oxygen and  w d t e r  hose. Flex- 

1bi1it.y and  prevention of de lar rdndt ion  were overriding d e s i g n  

c r t i t e r i ~ ~  The f i n a l  conf,j.gurdtaon for  the umbilical hose and 

the PLSS hose was subjected t o  a Design  V e r i f i c a t i o n  

pxoyrdm. Results are cont i t ined  i n  the accompanying report ,  

REBAR-RTR-351 e 
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I n  October of 196'9, the W e  E. Darling Company s u b m i t t e d  

a p$-oposal i n  r e s p o n s e  t o  NASA-MSC request MAS-BG721-54-0-48P 

fox the  development  and  v e r i f i c a t i o n  t e s t i n g  of new c o n c e p t s  f o r  

hose assemblies t o  be used fox v e n t i l a t i o n  of crewmen i n  space- 

cnrdft. On December 29, 1969, the R, E. D a & l i n g  Company r e c e i v e d  

d f i r m  f i x e d - p r i c e  c o n t r a c t  number NAS9-10396 for  t h i s  e f f o r t ,  

I n  November, 1970,  the contaadct was amended t o  i n c l u d e  s i m i l a r  

effort fox oxygen dnd water h o s e  used in c o n j u n c t i o n  w i t h  the  

Portable  L i f e  Support System ( H I S S )  

Monthly progress reports have  been  s u b m i t t e d  t o  t h e  

c o g n i z a n t  o f f i c e s  a t  the  Manned Spacecraft Center, T h i s  f i n a l  

re2ort sumrrtdrizes t h e  efforts and p r e s e n t s  the  f a n a l  conf  i g u s a t i o n s  

generdked .  I n c l u d e d  w i t h  this document b u t  presented as  a 

sepdrata e n t i t y  i s  the  D e s i g n  V e r i f i c a t i o n  T e s t  Report N o .  

REBAR-RTR-351. 



TE@ED!JI@aL APPROACH; 

P r io r  t o  the  t i m e  o f  s u b m i s s i o n  of o u r  p r o p o s a l  t o  NASA, 

R, E. D a r l i n g  Company, I n c .  ( ~ E B A R )  p r o d u c t i o n ,  e n g i n e e r i n g  and  

q u a l i t y  c o n t r o l  p e r s o n n e l  had j o i n t l y  s p e n t  many h o u r s  g e n e r a t i n g  

a total of twelve d i f f e r e n t  hose d e s i g n  c o n c e p t s .  

i n c o r p o r a t e d  severdl  dif f e r s n t  matesriaIls, d i f  f e r e n t  i n t e r n a l  b o r e  

c o n f i g u r a t i o n s  and  d i f f e r e n t  c o n s t r u c t i o n  t e c h n i q u e s .  Many w e r e  

s i g n i f a c a n t  d e p a r t u r e s  from the s tdndard h o s e  REDAW h a s  been  

manufac tux ing  for  d i s c r a f t  dnd spdceckdft a p p l i c a t i o n s  fo r  many 

y e a r s .  However, c o n s e x d i n t s  placed. on t h e  s acecraft hose by 

procurement  s p e c i f i c a t i o n s  had d i c t a t ed  the end i t e m .  

The s p e c i f i c d t i o n  i n  t h e  s t a t e m e n t  of work p r e s e n t e d  many 

of t h e s e  same c o n s t r a i n t s ,  However, i n  t he  p r e p a r a t i o n  and  

e v a l u a t i o n  of each u n i t  d e v e l o p e d ,  t he  NASA t e c h n i c a l  monitor 

w d s  in formed of the deviations. I n  i n s t a n c e s  w h e r e ' t h e  Concept  

W ~ S  wor thy  o f  fuacther c o n s i d e r a t i o n ,  the  s p e c i f i c a t i o n  was re- 

laxed, These  %Eade-offa  w e r e  found n e c e s s a r y  t o  obtain the 

optimum i n  d e s i g n .  

Al though the R, E ,  B a r l i n g  Company is p r i m a r i l y  d man- 

u f a c t u r e r  of rubber p r o d u c t s ,  oux mater ia l  e v a l u a t i o n  did n o t  

overlook m e t c a l  and  p l a s t i c  mdterials .  O u r  s e a r c h  for optimum 

mcaterials also i n c l u d e d  f i b e x s  and s e v e r a l  exot ic  e l a s t o m e r s ,  

$he p g r m e a b i h t y  of oxygen k h ~ s u g h  elastomers n e c e s s i t a k e d  o u r  



e v a l u a t i o n  of the  metal  and p l a s t i c  mater ia l s ,  Bowevex-, our 

final a n a l y s i s ,  as d i s c u s s e d  later i n  this r eps t ,  showed these 

mdtemr i s l s  t o  possess A ~ O X ~  r i g i d i t y  t h a n  w a s  deemed a c c e p t a b l e  

i n  order t o  p r o v i d e  optimum a s t r o n a u t  m o b i l i t y .  

Although REDAR m a t e x i d l  e n g i n e e r s  hdve c o n t i n u a l l y  

e v a l u a t e d  n e w l y  p r e s e n t e d  m a t e r u b s  an t he  f i b e r  a d  elastomer 

f i e l d ,  t h i s  prayram C O n C p t r d t @ d  t h e i r  efforts toward a s p e c i f i c  

end i t a m .  

m a t e r i a l s  f r o m  Dupont ,  F l u o x e l *  m d t e r i c i l s  f r o m  Raybestos-Manhat tan 

I n  a previous proyxdrn under  c o n t r d c t  NAS9-7764, V i t o n @  

and Mosites Rubber Company dnd s i l i c o n e  compounds d e v e l o p e d  by  

REDL4.R a s  w e l l  as Dexsil '  from O l i n  Math ie son ,  K e l - F '  from 3M and 

CNR from Thiokol were examined q u i t e  e x t e n s i v e l y  f o r  the i r  ap- 

p l F c a t i o n  an spacecraft  hardwdre- S i n c e  t h d t  time, a d d i t i o n a l  

V i t o n  m d  s i l i c o n e  based materials have been  g e n e r a t e d ,  I t  w a s  

these l a t t e r  ma te r i a l s  which w e r e  examined by REBAR mater ia l  

e n g i n e e r i n g  w i t h  back  up  da t a  f r o m  the C r e w  Systems D i v i s i o n  c t t  

MSC e 

Fibers used  fo r  x e i n f o r c i n g  of the  elastomer m e m b e r  i n  

the  hose constzuction h a v e  i n  the past  been c o n f i n e d  to n y l o n ,  

MomexR and  beta fiberglds;: OUH e f f o r t s  in this axed wex@ 

directed toward Fypro* b y  T r a v i s  M i l l s ,  D u r e t t e @  from Monsanto,  

Kynol@ f r o m  Cdrborundum, and comiescial grades of f i b e r g l a s s  

Our conc luaaon  ~n this area w a s  t h a t  b e t a  f iberglass offers  the 



best s t x e n g t h ,  f l e x i b i l i t y  and  f l a m e  r e s i s t a n c e  characteristics 

when used i n  t he  hose c o n s t r u c t i o n s  we c o n s i d e r e d .  

Immediately upon receipt of the  c o n t r i c k  f r o m  NASA we 

com.enced d s y s t e m a t i c  r ev iew of t h e  t w e l v e  concep t s  presented 

i n  OUE proposdl. Most c o n c e p t s  w e r e  prototyped dnd e v a l u a t e d ;  

d f e w  were c x i t i c a 1 l . y  rev iewed w i t h o u t  a c t u a l l y  milking d sample 

unit. Wen obv ious  sho r t comings  were n o t e d  either t h e  d e s i g n  

w a s  modified or elaninated. When t h e  t i n a l  des ign  hdd been 

r e a c h e d ,  d tot21 of nineteen d i f f e r e n t  c o n c e p t s  h i d  been e v a l u a t e d ,  

he? f o l l o w i n g  pages s h o w  the  v a r i o u s  d e s i g n s  which w e r e  

e v a l u a t e d .  Fo l lowing  each sketch is  t h e  c o n c l u s i o n  redched 

a b o u t  t h e  c o n c e p t .  
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C O r n N T S  

Rmm-SK-444 

1, The metall ic b e l l o w s  proved t o  be too s t i € f  when cornpired t o  

e x i s t i n y  hardware  

2 ,  A c o n c e r n  was felt for the  u s e  of 3 foam o r  sponge  r u b b e r  i n  

the i n n e x  bore. 

a )  The  foarn migh t  break u p  c a u s i n g  pa r t i c l e  c o n t a m i n a t i o n  

b) The foam w ~ u l d  dbsork, liquids e i t h e r  used ir, c l e d n i n g  or 

fz-otti breakhlmg gases 

c )  The c o n s t x u c t i o n  could n o t  be used  t o  convey l i q u i d s  t h u s  

l i m i t i n g  ALts u s e f u l n e s s .  

3 ,  T h i s  c o n c e p t  was rejected. 



1 bellows, e 
E", with tubular coated or fmpkegnated Beta g l a s s  
r secured at end cuffs, 

GES t 

E ov id es fmpr oved temperature i n c r  ea s e 

ngth provided Beta cover 
i n t  provided Beta g l a s s  

% *  fth a helix to pro- 





1x1 METALLIC BEL 
CIRCULAR CORRUGAT 

CONSTRe7CTSON 3 

S t a n d a r d  l i g h t  eight bel% 

ADVANTAGES 2 

1, Maximum flexib 
2 ,  F i r e  r e s i s t a n c e  
3 ,  Good compress ive  s t rength t o  eight r a t i o  
4, No l e a k a g e  
5,  No d e l a m i n a t i o n  

TO BE DETERMINEDr 

1, Tempera tu re  i n c r e a s e  
2, E l o n g a t i o n  unde r  load 
3 ,  P r e s s u r e  drop 

~ L T E ~ ~ ~ ~  CONSTRUCTION POSSIBILITHES ; 

1, 

2, 



c. 

COffIMEWS 

Rmrm-Sx-446 

1, As in the p r e v i o u s  t w o  concepts,  the n a t a l  bs1lo .d~ d id  not 

provide the flexibility desired. Weight was an added f ac to r  

in thlS concept. 

2 .  This concept wds ssjected. 



CONSTRUCT1 

Gas earryi 
in tie-gum 

A TAGES : 

1, Fire reeist 
2, Low pressur 

I and compress% 

f * Temperature fncro 



C O I r n N T S  

REDAR-SK-447 

1. Braided metallic o u t e r  c o v e r i n g  when compared t o  beta fiberglass 

restricted the  flexibility of the  hose, 

2 .  The metdllic braid added significantly to the overill weight 

of  the u n i t .  

3 ,  A f t e x  testing i n  our f lame chamber w e  found no significant. 

flame r e s i s t a n c e  over t h e  beta fiberglass. 

4.  These is d trade-off p o s s i b l e  between flexibility and fire 

resistance. he f i n e r  t h e  m e t a l  f i l a m e n t  t h e  more flexible the 

braided outer c o v e r i n g .  M3wevei, when the  f i l i m e n t  is drawn 

extremely fine, the flame resistance decreases significantly. 

5.. This c o n c e p t  wds e l i m i n a t e d .  



sreing half coil I , D ,  f l u  
or impregnate 

d 
Pressure drop in straight length 

elaminat ion 
5 ,  Acceptable longitudinal and c pressive Load strength 
6, NO @?lQnCJaLHOI% 

1, R e t e n t i o n  of and compressive load 
2, Temperature inereas@ 

Presa;ura drop or looped 
e cleaning 

5 ,  Fi re  resiskanegs 

d cover for better f i r e  resistance, 



COl@4ENW 

RED&?-8K-44 8 

1, The l n i t l d l  p r o t o t y p e ,  RB3AR-SL-448A, shaded t h e  Concept  

w o r t h y  of fur ther  development, 

2. Two adc t i t i andl  prototypes w e r e  generated, R -SK-448B and 

R E D M - S K - 4 4 W  e 

3 .  d) REBBR-SM-448A had d smooth ou te r  s u r f a c e .  

-SK-4$8B had a fiberglass c o r d  h e l i c a l l y  wrapped 

dlgound t h e  outer su r face  and l e f t  on a f t e r  culring the hose. 

C )  REDMR-SK-448C W d S . t h E 9  as (b except t h e  f i b e r g l a s s  

cord w a s  removed leaving a slightly convoluted ou te r  

s u r f  a c e  

4, I t  was found t h d t  RERAR-SK-448C afforrded t h e  g r e a t e s t  flex- 

i b i l i t y  of t he  three a l t e r n a t i v e s .  

5.  REDAR-SK-448A and WEDAR-SM-448B were eliminated, 

6 *  REDAR-SK-448C &as r e t d i n e d  ds t h e  concept used for t h e  PLSS 

hoses, See f u r t h e r  d i s c u s e i o n  and d e t a i l s  e o n c a r n i n g  REBAR-Al0921 

and REDm-Al0922 e 



COHSTRUCTION b 

R e i n f o r c i n g  hel ix  centered i n  the wall of the gas 
c a r r y i n g  i n n e r t u b e ,  impregnated or  coated t u b u l a r  
glass cover, 

ADVAHTAGES : 

1, Eight  weight 
2, E x c e l l e n t  P r e s s u r e  d r o p  i n  s t r a igh t  l e n g t h  
3 ,  NO delamination 
4, A c c e p t a b l e  l o n g i t u d i n a l  and  compressive load s t r e n g t h  
5, N o  e l o n g a t i o n  . 
6, Helkx r e t a i n e d  i n  p o s i t i o n  d u r i n g  f l e x  and  c o m p r e s s i v e  

loa t% ing 

TO BE DETERMINED: 

1, F i r e  r e s i s t a n c e  
2 ,  P r e s s u r e  drop when berack o r  looped  

4, Tempera ture  i n c r e a s e  
3 ,  Flexibility 

BLTERNATE CONSTRUCTION POSSIBILITIES : 

1, Metallic bra id  cover for better f i r e  r e s i s t a n c e ,  



COPW&NTS 

REBti]B-SK-449 

1. Due t o  t h e  necessity t o  incrcedse the polymer layea t o  imbed 

the  spring, t h e  f l e x i b i l i t y  of t h e  prototype decatedsed sub- 

s t a n  ti& 11 y e 

2 .  T h i s  concept was e l imina ted ,  



L TUBE WITH 
GE 

CONSTRUCTION 8 

metal  tube iblc; meta l  bellows j o i n i n g  
d e t e r m i n e d  1 

ADVANTAGES: 

1, F i r e  proof 
2, L e s s  Pressure drop t h a n  all bellows c o n s t r u c t i o n  
3 ,  No aeakage 
4 ,  L i t t l e  o r  no elongation 

ture increase 
bend r a d i u s  

I 

1, Foamed e terneol thermal i n s u l a t i o n  with t u b u l a r  
Bate g lass  cover or i m p r ~ ~ e d .  ~emperature increase 



CBMME baTS 

REBAR-SK-450 

1. After e v a l u a t i n g  metallic bellows it becariie readily apparent 

that rigid segments would o n l y  incredse the bend radius where 

there was too great d r a d i u s  already. 

2. Poor flexibility and high cost f de toxs  wexe a l s o  considered. 

3. This concept W ~ S  rejected. 



eta glass  impregnated 
a lamdnata with metal. 

AGES 8 

TE CONSTRWCTXOR POSSIBTEITIES s 

as above except use t h i n  layer of VITON 



GWrnk'TS 

REDhB-SK-451 

1.. During  prototyping it wo noted t h a t  when t w o  layers of 

fiberglclss aye laminated, %lie result is d very r i g i d  s t r u c t u r e  

such as s e e n  ~n plywood. 

2. The cvncexn over delamin.dt ion of the two ldyegcs was d i f f i c u l t  

to S t l l l .  

3 .  T h i s  concept W ~ S  ra7ectede 



I n n e r  elastomer l i n e r ,  re nforc ing  helix, light bon 
layer, Beta glass coated w i t h  V i t o n  

1, Pressure dro 

ALTERNATE COHSTRU~TIO POSS ICBILITIES s 

1, Same basic  construction 8 8  above e x c e p t  add a 
x at minor meter, This controls  



c. 

C O W p T S  

RED- -SIC- 4 5 2 

1. The c o n s t s u c t i o n  and tutes~uls used  in this c o n c e p t  have  xe-  

c e i v e d  c o n s d e r a b l e  a t t e n t i o n  i n  the Apollo program. This d e s i g n  

w d s  o r i g i n a l l y  d e v e l o p e d  by the  e E. D a r l i n g  Company under  

compdny funding, P r o t o t y p e s  +mxe submat t ed  t o  NASM-WC, Moxth 

American Rockwell and. Garurrlman Aesospace Coxpora t ion .  It affords 

c o n s i d e r a b l e  increase i n  f l e x i b i l i t y  over present c r e w  u m b i l i c a l  

hose dssemblles although .A s l i g h t  increase  i n  p r e s s u r e  drop iwst 

be accommodated. A s t s o n a u t  r e a c t i o n  at C r i t i c d l  Des ign  Reviews 

CBR) both  fit Downey, C a l i f o r n i a  (MAR) and Bethpage, Mew York 

&&~2) was most compl imentary .  HJwever, a d e c i s i o n  w a s  made b y  

t h e  Change C o n t r o l  Bodrd (CCB) meeting i n  Houston that retrofit 

costs d i d  n o t  w a r r a n t  c h m g i n g  t he  Command module and Lunar  module 

c o n f i g u r a t i a n s  this Pate i n  the A p o l l o  program, 

2 .  Only minos t r a d e - o f f s  i n  e x i s t i n g  i n d u s t r y  c o n t r o l  s p e c i f i c a t i o n s  

dre required t o  dfford a hose whach would easily be q u a l i f i e d .  

3 ,  I n  ds much as t h i s  c o n c e p t  w a s  t h e  state-of-the-art (nt the t i m e  

o f  c o n t r a c t  i n i t i a t i o n ,  it wds used  ds a bass l i n e .  However, i n  

a n  effort $0 advance  the s t a t e - o f - t h e - a r t ,  other c o n c e p t s  w e r e  

f u r t h e r e d  i n  d e f e r e n c e  t o  t h i s  one. 



* E. 

R e i n f o r c i n g  he l ix  surroun ed by open ce l l  s 
rad 5-i t3enta g%asI e gas barrier i n n e r  liner 

ADVANTAGES : 

1, very flexible,  
2, ~ i g h t  weight 
3 ,  NO e longat ion  
4, Temperature  fncrease 
5, LOW Pressure drop 

TO BE BETE 

1, F i r e  resis tance 
ssive load characteristies 

ALTERNATE CO STRUCTION POSSEBILf%'% 

1, Same basic  constr ve l  but built in 
sxtsrnal  esnvo%ukiona R 

We have bu%lt one prototype of th 
performs very sa t i s f ac to ry ,  



' I  

1.. The bond between the i n n e r  l i n e r  and the  open ce l l  sponge 

proved $00 weak t o  p r e v e n t  d e l a m i n a t i o n  when subjected t o  dn 

i n t e r n a l  vacuum 

2 .  P re s suxe  d ~ o g  i n c r e a s e d  s u b s t d n t i a l l y  when the hose was b e n t ,  
, 

due t o  c r i n k l i n g  of the  i n n e r  l i n i n g .  

3 .  This c o n c e p t  w d s  e l i m i n d t e d .  



\ 

CONSTRUCTION : 

Ultra l i gh t  weight. f lexiblc corrugated elastomer l i n e r  
with Beta glass braid cover attached only a t  the ends, 
I n t e r n a l  hel ix  i n  convolutions e 

ADVANTAGES : 

1, v e r y  l i g h t  weight 
2 ,  Very f lexible  
3 e Cannot delaminate 

e NO e l o n g a t i o n  

TO BE DETERMINEDr 

1, Pressure dorp 
2, Temperature increasa 
3, Fire r e @ i  
4,  Leakage 
5, csmpressi araeter  Pestics 

ve b u i l t  a prot pa of khles hose and f 
sing, Et i f4  If 0 f lexible ,  and Paas ill 



REDaR-SK -454 

1, B a s i c a l l y ,  t h i s  c o n c e p t  from the onset looked q u i t e  p r o m i s i n g ,  

2 ,  Three  c o n f i g u r a t i o n s  were generdted o u t  o f  t h i s  c o n c e p t .  

3 .  R E B A R - S K - ~ ~ ~ A ,  t h e  o r i g i n a l  c o n c e p t ,  w a s  abandoned b e c a u s e  t h e  

r e i n f o r c i n g  s p r a n g  hdd a t e n d e n c y  t o  tilt sideways and close 

off the inner b o r e .  

4.  REDAR-SK-454B p l a c e d  t h e  r e i n f o r c i n g  h e l i x  e x t e r n a l  t o  inner 

t u b i n g  but under  t h e  braid covex, T h i s  also had a l i k e  t endency  

t o  have  the spring t o  tilt and b l o c k  o f f  t h e  gas p a s s a g e .  Ano the r  

problem was t h e  deldrniriation of t h e  i n n e r  t u b i n g .  T h i s  con- 

f i g u x d t i o n  was a lso  abandoned,  

5. REDAW-SK-454C combined the  two r e i n f o r c i n g  s p r i n g s  of t h e  

p r e v i o u s  t w o  c o n f i g u r a t i o n s ,  T h i s  app roach  proved t o  be v e r y  

promis ing  a l t h o u g h  the hose when s u b j e c t e d  t o  dn  internal vacuum, 

decreased i n  length  a p p r o x i m a t e l y  50 per cent. This situation 

was found t o  be acceptable t o  the NASA t e c h n i c a l  m o n i t o r , a n d  t h e  

hose c o n s t x u c t i o n  w a s  used  “to make t he  oxygen umbilical fo r  sub- 

m i s s i o n  under  t h i s  c o n t r a c t ,  See f u r t h e r  d i s c u s s i o n  and d e t a i l s  

c o n c e r n i n g  WEDAR-Al0920 



t w e i g h t ,  convoluted or r inged 
a Beta Glass cover, 

TO BE DETE 

2 Temperature! increase 
3, F i r e  sesiatancle  
4 ,  Compressive load char c h r i s t i e s  
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1. T h i s  c o n c e p t  wds deve loped  i n ? t s a  three c m f i g u s a t i o n s .  

2 ,  REDAR-SK-~S~A, w l t h o u t  x e i n f o ~ c l n g  w i r e ,  was e l imincs t ed  due 

to its l ack  of compress ive  load r e s i s t a n c e .  

3 .  RED.m-SK-455B carried a r e i n f o r c i n g  helix e x t e r n a l  t o  the 

i n n e r  liner b u t  under t h e  o u t e r  c o v e r ,  Deldmination e l i m i n a t e d  

this apppruaeh, 

4, REBAR-SM-455C pldced the  spring i n s i d e  t h e  inner l i n e r .  The 

dpproach  showed gxeat; promise - lightweight, f l e x i b l e ,  n o  

p o s s i b i l i t y  of collapse,  However, when we dttempted t o  procure 

t h e  high dens1t.y polymer liner materid1 i n  the diameter t o  w a l l  

t h i c k n e s s  ardtio deened optimism, w e  found it u n a v a i l a b l e .  S i n c e  

othex dpparoaches weze equdlly a t t r a c t i v e ,  t h i s  c o n c e p t  was 

abandoned. 



~ ~ X L ~ ~ ~ ~ ~ ~ ~  ~~~~~~~~~ TESTS 

Edch concept which WAS prototyped w e n t  t h ~ o u g h  a 

screening test grogr;lm LP subjective e v d l i l a t i o n  showed it t o  

wdr ra r , t  f u r t h e r  s tudy .  

The r e s u l t s  of t h e  screening tes ts  A r e  shown on t h e  

chart whach follows, Flexibbliky figures are d e t e r m i n e d  by 

using ;t scdle t o  pull the hose clround d 4 - inch  diameter mdndrel  

to a point either I30 degz-ees or 180 deysrees from t h e  t a n g e n t  

of t h e  h o s e  t o  the mdndre l .  Compressive load figures represent 

t h e  pes c e n t  of d e f l e c t i o n  of the outside didmeter b o t h  under 

t h e  g i v e n  lodd clnd two rr:inutes clfter t h e  load w a s  removed. The 

s t a t e d  load  w d s  pldced over  a 4- inch  sec t ion  parallel t o  t h e  

c e n t e r l i n e  of t h e  hose.. 
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FINAL SELECTIONS 

The c o n c e p t s  which w e r e  ccirriedl t o  the f i n a d  d e s i g n  

phase w e r e  REBaJP -SK-448B and REDMt-SK-454C he s e l e c t i o n  wds 

bdsed on d numbex of o b j e c t i v e  and  s u b j e c t i v e  tests, However, 

the t w o  o v e r r i d i n g  c o n s i d e r a t i o n s  w e r e  f l e x i b i l i t y  and  p r o t e c t i o n  

fsom d e l d m i n a t i s n  (or  b lockdge  of the gds or  l i q u i d  flow) e These 

t w o  i t e m s  w&e c l e a r l y  i n d i c a t e d  both by NASA p e r s o n n e l  a n d  t he  

" S t a t e m e n t  o f  Work" as b e i n g  c r i t i c a l l y  i m g o r t d n t  i n  t h i s  program. 

Both c o n c e p t s  which becdme the  f i n d l  c o n f i g u r a t i o n s  sub-  

mitted undear this c o n t r a c t  possess increased f l e x i b i l i t y  over ex- 

i s t i n g  hdrdware and p r a t e c t i o r n  from d e l d m i n a t i o n ,  However, i n  

the czew u m b i l i c a l  d e s i g n  r e q u i r e m e n t s  f o r  p r e s s u r e  d r o p ,  s t r e n g t h  

dnd othex consideKations vciried from those r equ i r emen%s  placed on 

the PLSS hardwdre, Thus ,  the REDAR-SK-454C became the c o n c e p t  

f o r  u s e  i n  t h e  REDA&?-A\10920-1 crew u m b i l i c a l  a s sembly ,  I n s t r u c t i o n s  

on f d b r i c a t i n g  t h e  hose p o r t i o n  of t h i s  a s sembly  i s  de ta i led  i n  

T 

oux document REBAR-A90323. T h e  PLSS Oxygen hose,  WEDAW-A10921-P 

and REDMI-A10921-2, and the  PLSS water hose, WEDAR-A10922-1, were 

genezdted fxom the REBi-iR-SK-448B c o n c e p t ,  The d e t d i l s  far prep- 

B u i l d  P r i n t  D a t d . ,  REDAR-H80633 detrlils the f a b r i c d t i o n  p r o c e d u r e s  

for  REDAR-A10922-1, The f o x e g o i n g  d rawings  and i n s t r u c t i o n s  

appear on the following pages, 



Materials se l ec t ed  €or t h e  f i n a l  configurations a e  the  

same throughout ,  The  eldstornez used i s  REBAR-FL-308-01, B a r i n g  

t h e  execution of "&his contrdct, siamples were s u b m i t t e d  to NASA- 

MSC for  t e s t i n g  to MSC-PA-D-67-13, Category B. We are advised 

thdt White Sands T e s t i n g  F a c i l i t y  report  n o ,  70-1606 FISC S/N 3063) 

indicdtes the rnatayi'nl IS dcceptsbls  €on: t h i s  app l i ca t ion ,  

w i r e  r e i n f o r c i n g  member i s  s t d i n l e s s  steel, type 302. Fabric 

~eanforcement  i s  pxovided by t u b u l a r  braided betcl fiberglass with 

$. very t h i n  c o a t i n g  of REDAR-FL-903-01 to provide abrdsion 

sesistance, RED=-FL-903-01 codt ing rndterial 1s REDAR-FL-308-01 

V i t s n  b r o k e n  down with MEK s o l v e n t ,  
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a 

C .  

STEP 2 :  A .  
%. 

STEP 3 

C. 

4r. 

A .  

B. 

STEP 4 :  A .  

B.  
C. 

STEP 5 :  A. 

Blow t u b e  o n t o  mandre l .  
C e l l o  t u b e  an c u r e  i n  steam a t  
60  p s i  f o r  2 0  m i n u t e s .  
Remove cel lo  and  remove t u b e  
from mandre l  

P u l l  vacuum on t u b e  t o  ex 
Place s p r i n g  opened t o  3 co i l s  
per i n c h  i n s i d e  o f  t u b e .  
Release vacuum and  p l a c e  s p r i n g  
a n d  tube on a 1% mandre l ,  

Wrap , 0 2 0  cres  w i r e  on t u b e  b e t w e e n  
s p r i n g  c o n v o l u t i o n s  (I 
T i e  w i r e  ends  down and  pro tec t  
t u b e  from e n d s ,  

Apply - 0 1 5  t h i c k  l a y e r  of com-  
pound o n  hose ends  o u t s i d e  of 
s p r i n g  s e c t i o n .  
Apply b r a i d  f u l l  l e n g t h  o f  hose. 
C e l l o  ends  of hose o v e r  compound 
a n d  b r a i d .  

0 
Cure  i n  hot a i r  a t  3 3 0  F for  30 
m i n u t e s  e 
Remove ce l lo  and  a l l o w  hose t o  
cool, 

STEP 6 : :  When cool a p p l y  u n i f o r m  coat  of cement 
f u l l  l e n g t h  of hose and  dry .  

STEP 7: A. When d r y  remove from mandre l .  
B. P o s t  c u r e  hose 24  h o u r s  at $00 F. 

STEP 8: A, Cement c u f f  on one  end of hose 
B ,  Post c u r e  4 ours  a t  ~ O O O F ,  
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.STEP 18 A, 

STEP 2 :  A, 

C. 

Prestretch spring to 9 or 8 coil 
per inch. 
Put spring on 

nd of nmex. 

P 52 Cure in st 

minutee 

STEP 6: A. en cool remove  cell^. 
B, ply  uniform coating of cement 

full length of hose nd l e t  dry. 

e en thoroughly d 

. 

1 
I 
I 
i 

! 

I 
I 

I 
I 
! 
I 

I 
~ 

I 
I 
! 
I 

i I 
I 

i 

.. . .-.. . .. . 

I 
I 

I 
I 
I 

I 

! 

! 

I 

I 



COMPOUND DATA SHEET 
REDAR@-FL-308 

f 

i 

i 

REDAR@-FL-308 i s  a nonf lamable VitonQ member 
of the fluoroelastomer family. The medium durometer 
of t h i s  material makes it more f lexible  than some 
other fluoroelastomers i n  the nonflammable f ie ld .  
The material a lso exhibits excellent resistance t o  
many organic and inorganic f luids  p l u s  capabi l i t ies  
a t  high operating temperatures typical of most 
fluoroelastomers. It exhibits improved low temper- 
ature. characterist ics over REDAR@-FL-307 but it is not 
quite as  flame res i s tan t .  

SPECIFICATIONS 

0 Press Cure: 25  minutes a t  320 F 
Post Cure : 24 hours a t  400°F 

Unaqed Physical Properties 
Colok Brown 

+ 
ASTM D-676 Durometer, Shore A 60 - 5 
ASTM D-412 Tensile Strength (ps i )  1660 
ASTM D-412 Elongation (%) 360 
ASTM D-412 Specific Gravity 1.98 

275 100% Modulus (ps i )  



DESIGN ~ ~ ~ F ~ ~ A ~ ~ O ~  TEST PROGRAM 

A 5 t e r  the ~ i e r e a n i n g  t e s t s  had been concluded a d  the 

optimum fabracations had been selected, test hclrdwcare of the 

f i n d l  c o n f i g u d t i o n s  W ~ S  n m u f a c t u r e d ,  These p a t s  were sub- 

jected $8 & complete Design Verification T e s t  Procedure  as 

specified i n  document REDAR-R(jC-0148 s u b m i t t e d  for appxoval on 

March 9, 1970 except s i n g l e  t e s t  hose asseiribly W ~ S  used, 

Following considexable d i s c u s s i o n ,  thAs document wds approved in 

J m u a y  of 19'71. A synopsis  of the  test program and requiared 

vdlues follows. Additional characterist ics dnd a c t u d l  tes t  re- 

sults axe c o n t d i n e d  i n  repor t  REDhR -RTR-351 o 

1 e A. Perfor runce  ChdEacteristics REBAR-A10920-1 

Leakage - 2 .0  cc/hr/ft @ 4 psig 

F l e x i b i l i t y  enduxmce - 500 coils t o  4"  d i a ,  

250 longitudinal twists 

Compress i v s  star en 4th  1 7 5  lb,) - 3077 max, 

5% max, permanent  set 

Tempexature incasedse -- ~appk-ox, I°F/ f t  of length =it 

25OF t e m p e r d t u r e  d i f f e r e n t i a l  

Delamination - 25 i nches  Hg, 

P E ~ S S U K ~  - 8 psig proof 



B e  Envi ronman ta l  CandAxtkcms (IG3Dm-F410920-1) 

Temperature scpnye + OOF to -t 1 3 5 ~ ~  

Pressure - 5 psi to 1 1 0 - ~ ~ ~  EQ. 

XI. A. Per formance  Chdracte~asties 4 EDAR-Al092  1 cand 

REDKR -A 10 92 2 ) 

Leakage - 
REBAR-Al0921  - 2 e 0 cc/hr/ft @ 4.5 ps ig  

REBAR-A10922 - 2.0 CC/hE/ft @ 53.0 p s i g  

Flexibility enduxsnce - same as WEDlcJZ-Al0920 

Compressive s t r e n g t h  - scbm de REDAR-Al0920 



COeaetLUS I OW§ 

qmte  k r u i t f u l .  A number of concepts dnd r n d k e r h l s  deemed 

feasible at t h e  o u t s e t  of ths program w e r e  found to be lacking 

when examined in the o v e r a l l  pegspeetive of end item dpplication, 

The f i n a l  configurdtions &re indeed f l ex ib l e  and offer  

gqeat a s s u x a n c e  t h d t  d e l a m i n a t i o n  cannot occuxe 

dxe d s i g n i f i e d n t  d e p r t u r e  f x o n  p r e v i o u s  hose constructions 

although the techniques  sed were q u i t e  6tand~iab-d~ %he matearial 

selected for c o n s t r u c t i o n  as new dnd offers  considerably moxe 

parotectaon f r o m  f i x e  h a z a d s  t h d n  t h d t  p r e s e n t l y  in use. 




