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FOREWORD 

Goodyear Aerospace Corporat ion (GAC), Akron, Ohio, conducted a n  e i g h t  month 

s tudy  of deployable,  non-metal l ic  space s t r u c t u r e s  f o r  NASA-MSFC under 

Cont rac t  No. NAS 8-35498. GAC's exper ience  i n  flexible/inflatable/deployable 

and r i g i d i z e d  s t r u c t u r e s  f o r  space  ovel  t h e  last  20 y e a r s  w a s  used t o  a d d r e s s  

the  problemsof today and a p p l i c a t i o n s  of ttie f u t u r e .  Advanced m a t e r i a l s  and 

f a b r i c a t i o n  techniques  have provided new ways of  conquering t h e  h o s t i l e  space  

environment f o r  these  unique s t r u c t u r e s .  

I n  a d d i t i o n  t o  reviewing t y p i c a l  i n f l a t a b l e / d e p l o y a b l e  subsystems and systems 

of i n t e r e s t  t o  t h e  space  community, many important  performance parameters  

unique t o  space a p p l i c a t i o n s  were d i scussed .  P o t e n t i a l  exper imects  w i t h i n  

t h e  s h u t t l e  cargo bay, . e i t h e r  as a f r e e  f l y e r  s a t e l l i t e  o r  when t e t h e r e d  from t h e  

s h u t t l e ,  a r e  presented f o r  c o n s i d e r a t i o n .  Basic t e c h n i c a l  d a t a  has  been 

included i n  appendices a s  a po in t  of d e p a r t u r e  f o r  f u t u r e  similar a p p l i c a -  

t i o n s .  

R .  L. Middleton was t h e  Contract ing O f f i c e r ' s  Represen ta t ive  (COR) f o r  NASA-MSFC, 

whi le  F. J. S t imle r  served as P r o j e c t  Engineer f o r  the  Engineered Fabr ics  

Divis ion.  
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SECTION I -- INTRODUCTION AND SUMMARY 

Goodyear Aerospace Corporation (GAC) sumnarizes the state-of- the-art  fo r  

non-metall ic mater ia ls  and fab r i ca t i on  techniques considered su i tab le  f o r  

fu ture space structures. This repo r t  w i l l  serve as a handbook o f  data, 

o f f e r  innovat ive ideas, and guide designers o f  s t ructures f o r  the future. 

This report, along w i t h  reference 1, should o f f e r  a good p o i n t  of departure 

for  future deta i  l e d  design studies. Reference 1 shows representat ive 

photographs and c i t e s  the best references avai lab le.  

Recent success w i th  the SpacelabIShuttle f l i g h t  experiment has proven tha t  a 

f l ex ib le  element i n  the t rans fer  tunnel i s  a v iab le  so lu t i on  fo r  a mcinned 

space st ructure.  These same mater ia ls  have been propoqed for  deployable 

components o r  subsys tems for ri g i  d space s ta t i on  s t ructbres.  

With the discovery o f  new f l e x i b l e  mater ia ls  such as INicalon a s i l i c o n  carbide 
f i be r  and 2Nextel a ceramic f i be r ,  which are su i tab le  f o r  high temperature 

appl icat ions of 2500 to 3000°F, many deceleration, reentry,  rec0ver.y acd thermal 

i nsu la t i on  problems can now be solved fo r  tough non-metal li c space appl icat ions.  

Typical subsystems and systems f o r  space appl icat ions using i n f l a t a b l e  and 

deployable materials are described. To develop these subsystem and system 

concepts the requirements f o r  space s ta t ions  o r  platforms were discussed 

w i th  knowledgeable government and indus t ry  personnel. Typical performance 

parameters o f  these st ructures are analyzed t o  answer questions often asked 

when f l e x i b l e  s t ructures are considered f o r  space appl icat ions.  

The data reported herein i s  compatible w i t h  t y p i c a l  space s t a t i o n  conf i gura- 

t ions  as shown i n  Figure 1-1. ;his concept i s  representat ive of the many 

space s ta t i on  proposa;~ considered by NASA and indus t ry  during the l a s t  few 

years. 

Nicalon 'Trademark o f  Nippon Carbon Co., 
Ltd., Japan 

Nextel 2Trademark of 3M Co., S t .  Paul, MN 
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There are many appl icat ions fo r  non-metal1 i c  expandable s t ruc tures  i n  space, 

especia l ly  now tha t  new and approved mater ia ls  are avai lab le.  The data 

presented i n  t h i s  repo r t  should be of assistance i n  solv ing t h ~  a,.  lqurl 

problems o f  extremely la rge  packageable st ructures t o  be deploj,::d i a  sp;!.. 

o r  i n  the use o f  f l e x i b l e  mater ia ls  where r i g i d  mater ia ls  cannot perform the 

requirements of a p a r t i c u l a r  appl icat ion.  
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S t u d i e s  (References 2 and 3) have shown t h a t  deployable ,  unpressur ized 

hangars a t t a c h e d  t o  a  space s t a t i o n  p la t fo rm have a  vir.5le and p r a c t i c a l  

use i n  space .  

Reference 2 summdrizes d e s i r e d  f e a t u r e s  f o r  space  s e r v i c e  hangars  a s  

fo l lows:  

1. Sized t o  a c c e p t  OMV, OTV, and l a r g e  s p a c e c r a f t  (compatible wi th  o r b i t e r  

dimensions) o f f e r i n g  b e r t h i n g  and docking p rov i s ions  and i n g r e s s l e g r e s s  

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

2. O r b i t e r  - compatible mounting system: and a  ra i l  system t o  enable  

movement of  v e h i c l e s .  

3. T o t a l l y  enclosed wi th  door designed t o  a l l o w  maximum a c c e s s  . s i b l y  

provide  i n g r e s s / e g r e s s  a t  both  ends.  

4 .  Movable track-mounted work s t a t i o n s  requ i red  t o  enable  optimum a c c e s s  

of  a s t r o n a u t  t o  se rv iced  i tems.  

5. Tool s t a t i o n s  l o c a t e d  a t  s t r a t e g i c  p o s i t i o n s  i n  the  hangar.  

6.  Track-mounted space s t a t i o n  3MS a t t a c h e d  t o  Service  HangarISpace S t a t  ion  

t o  a l low t r a n s f e r  of OMV,OTV,Servicers, Spacecra f t  .:o and from t h e  

Serv ice  Hangar t o  t h e  o r b i t e r  o r  deployment f o r  launch.  

7 .  Closed c i r c u i t  TVy track-mounted and p i v o t a b l e  t o  p r e s e n t  procedures1 

drawings.  

8. Micrometeoroid/debris ,  arid r a d i a t i o n  p r o t e c t i o n ,  a long wi th  thermal 

c o n t r o l  on Serv ice  Hangar. 
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9. No require; c ,  Lentation of Service Hangar or space station due to servicing. 

10. Lighting aids, electric power. 

11. Foot restraints/handholds/work platforms 1 to 2 meters wide. 

12. Communications . 
13. Payload CradleICarriage - Carousel Mechanism. 
14. OTV repiacement items and ~efueling capability. 

15. Minimum life support system (emergency). 

16. Storage capability - service equipment, spare parts. 

17. Restraint of loose parts and tools during servicing. 

Goodyear recommends an unpressurized hangar having nonmetallic walls vhich 

can be deployed from the packaged condition and rigidized for the operational 

phase. Several concepts have been studied in the past, however, tne one 

shown in Figure IIA-1 is representative for OTV maintenance (Reference 3). 

It is understood that :JASA'S first interests are hangars for the OMV(TMS), 

then for satellite servicing and, finally, for the OTV servicing. The concept 

shown in Figure IIA-1 is con~patible with shuttle delivery and Contemplated 

OTV sizes. The OMV is 14 feet in diameter and 3 feet wide, thus indicating 

the use of a smaller hangar than shown in the figure. Goodyear offers a 

concept herein and delays the detail decign until all operational requirements 

can be defined. 

- 0  ; - m  . m 
I--. - 
I - ;  

ili Lr 
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The f l e x i b l e  m a t e r i a l  considered f o r  t h e  OTV hangar is  t h e  e l a s t i c  recovery 

type which w a s  i n v e s t i g a t e d  f o r  t h e  a i r l o c k  experiment and t h e  l u n a r  STEM* 

system. The a i r l o c k  experiment is de f ined  i n  Appendix A, whi le  t h e  l u n a r  

system m a t e r i a l  is def ined  i n  Appendix B. The proposed e l a s t i c  recovery 

m a t e r i a l  w i l l  be modified t o  inc lude  a p o s i t i v e  deployment mechanism and 

a l s o  a r i g i d i z a t i o n  technique.  The p o s i t i v e  deployment is considered 

necessary  because of t h e  l a r g e  hangar s i z e  and t o  ensure  a n  o r d e r l y  

deployment from its s t o r a g e  volume. The a i r l o c k  material has  been q u a l i f i e d  

t o  the  space  requirements  of t h e  Skylab era. The STEM m a t e r i a l  was geared 

f o r  t h e  lunar  environment. Addi t iona l  m a t e r i a l  s t u d i e s  by Goodyear and 

o t h e r s  r e s u l t e d  i n  a r i g i d i z e d  foam system s u i t a b l e  f o r  p r o t e c t i o n  from 

micrometeoroids i n  space .  Th i s  exper ience  is used t o  choose a pre l iminary  

m a t e r i a l  concept f o r  the  hangar t o  guide  d i s c u s s i o n  of t h e  o t h e r  t e c h n i c a l  

d i s c i p l i n e s  w i t h i n  t h e  r e p o r t .  

F igure  I I A - 1  i s  a s k e t c h  of the  i n f l a t a b l e  hangar concept GAC recommends 

a t  t h i s  time. The b a s i c  s t r u c t u r e  is 2-1/2 inch  foam with  f i b e r g l a s s  

s k i n s .  I n f l a t i o n  is used f o r  c o n t r o l l e d  deployment and a g e l a t i n  system 

is proposed f o r  r i g i d i z a t i o n .  The work p la t fo rms  are one meter  wide and 

held  i n  p lace  a x i a l l y  by s t r a p s ,  webbing, and mechanical a t t achments .  

Location and number of p la t fo rms  can be  determined l a t e r ,  a l though  two a r e  

i n d i c a t e d  i n  t h e  ske tch .  Open a r e a s  a r e  provided i n  t h e  p la t fo rm a r e a s  

t o  permit  s u i t e d  a s t r o n a u t s  t o  move a x i a l l y  i n  t h e  hangar. Velcro,  

snaps ,  hooks, n e t  bags, s t r a p s ,  e t c . ,  w i l l  be added as r e q u i r e d  t o  enhance 

maintenance o p e r a t i o n s .  Rigid subsystems can be added once t h e  hangar 

is deployed and r i g i d i z e d  aga in  t o  improve func t ion .  The t o t a l  i n f l a t a b l e  

ili. Gar system weighs approximately 4,100 l b s .  

* STEM - Stay  Time Extension Module 
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Concentrated loads  are u s u a l l y  t r a n s m i t t e d  t o  f l e x i b l e  s u r f a c e s  by use  of 

fan  patches ,  pads, c a t e n a r i e s ,  c a b l e s  o r  s i m i l a r  mechanisms t o  prevent 

tears o r  o t h e r  f a i l u r e s .  The 12 r a d i a l  arms a t  t h e  c losed end of t h e  

hangar provide t h e  i n t e r f a c e  between t h e  hangar s t r u c t u r e  and t h e  s t o r a g e  

can. These r a d i a l  arms f a c i l i t a t e  t h e  f o l d i n g  of t h e  hangar s t r u c t u r e  and 

even tua l  s t o r a g e  i n  t h e  packaged condi t ion .  The 12 suppor t  webs aye a t t ached  

t o  t h e  r a d i a l  arms a t  t h e  c losed  end of t h e  hangar f o r  a s t r u c t u r a l  i n t e r f a c e .  

These webs a r e  a t t a c h e d  t o  pads a t  the  open end of t h e  hangar. The webs 

provide s t r u c t u r a l  a t tachment  f o r  t h e  work pla t forms and a l s o  f a c i l i t a t e  

t h e  packaging process .  

The materials and c o n s t r u c t i o n  o f  t h e  c y l i n d r i c a l  s h e l l  and t h e  v o r ~ i n g  

pla t forms must e x h i b i t  s u f f i c i e n t  s t r u c t u r a l  i n t e g r i t y  t o  wi ths tand 

a s t r o n a u t  working l o a d s  and f o r c e s  generated dur ing  placement of equipment. 

Although t h e s e  f o r c e s  are considered as minimal i n  magnitude, they can 

be r a t h e r  l o c a l l y  concen t ra ted .  Therefore ,  one of t h e  c r i t i c a l  load ings  

w i l l  be app l ied  bending-moment, n e c e s s i t a t i n g  a f l e x u r a l l y  r i g i d  c o n s t r u c t i o n  

such a s  a sandwich s t r u c t u r e .  The c o r e  of t h e  sandwich must be r i g i d  t o  

wi ths tand combined compressive and f l e x u r a l  s t r e s s e s .  

The chemical process  of r i g i d i z a t i o n  of t h e  foam c o r e  must be one t h a t  can 

be performed and c o n t r o l l e d  under a space environment i n  a n  accep tab le  

time. C e r t a i n  mechanical and phys ica l  p r o p e r t i e s  are d e s i r a b l e .  The 

f i n a l  r i g i d i z e d  composite core  material must be f r e e  of harmful vo ids  

and c racks ,  be of uniform composition, have s u f f i c i e n t  bond s t r e n g t h  

between r e s i n  matr ix  and r e i n f o r c i n g  f a b r i c  t o  t r a n s f e r  s t r e s s e s ,  and 

must be s u f f i c i e n t l y  r i g i d  t o  a l low t h e  f a b r i c  f a c e s  and r e s i n  c o r e  t o  

a c t  as a sandwich s t r u c t u r e .  

A s t r u c t u r a l  a n a l y s i s  was made adap t ing  t h e  chemically r i g i d i z e d  foam-fabric 

sandwich as repor ted i n  Reference 4 .  Here, t h e  r i g i d i z e d  c o n s t r u c t i o n  

shown i n  Figure  IIA-2 is used. 
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RESIN FOR Rlf-IOlZATiON. 
INITIAL DENSITY, 1.8 LB 'CV FT, 
IMPREGNATED 3.6 LB,'CU FT. 
cn>oRESSIVE GiGlDlW. IC LB SC IN. 

In t e r l aye r  Adhesive 0.005 I 0.010 

MATERIAL WEIGHT 
ITEM G H / C M ~  # / F T ~  

*Outer Cover (Uith Thermal Coating' 0.034 

I n t e r  l ayer  Adhesive 0.005 1 0.010 

0.068 

Two P l i e s  of Fiberglass  0.036 

In t e r l aye r  Adhesive 0.005 

G e l a t i n -  ImpregnatedScottFoam (2-112") 0.375 

Wo P l i e s  of Fiberglass  0.036 1 0.071 

0.071 

0.010 

0.750 

Inner Coating 0.020 1 0.040 

*The outer  cover is a f ilm-cloth laminate with the  following 
propert ies :  

(1) Base c lo th  - Stern and S te rn  A4787 nylon a t  0.84 ozlsq yd. 
Warp - 20 denier ,  127.5 endsl in . ,  42 l b l i n .  grab s t rength .  
F i l l  - 30 denier.  114 endsl in . ,  57.5 l b l i n .  grab s t rength .  

( 2 )  Film - Capron Type 77C, 112 m i l ,  0.43 oz/sq yd. 

FIGURE IIA-2 RIGIDIZED SANDWICH CONSTRUCTION 
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The f i b e r g l a s s  l a y e r s  are t h e  s t r u c t u r a l  f a c e s  o f  t h e  sandwich. Each 

is composed of 2 p l i e s  of s t r a i g h t  116 f i b e r g l a s s  c l o t h  impregnated 

wi th  g e l a t i n .  

The S c o t t  foam (Ref. 4)  is impregnated w i t t  - 48.5 pe rcen t  g e l a t i n  whose 
3 

cet d e n s i t y  is 3.6 l b s l f  t and whose compression modulus i s  200 p s i .  

Goodyear made a prel iminary s t r e s s  a n a l y s i s  of t h i s  hangar concept i n  

Reference 5, cons ider ing  c r i t i c a l  bending, s h e a r ,  compression and concen- 

t r a t e d  loads .  Pre l iminary c a l c u l a t i o n s  i n d i c a t e  t h a t  the  r i g i d i z e d  foam 

sandwich c y l i n d r i c a l  s h e l l  is a f e a s i b l e  approach t o  t h e  des ign  of t h e  

hangar.  An a n a l y s i s  of t h e  s t r e s s  and d e f l e c t i o n  c h a r a c t e r i s t i c s  

encountered wi th  a n  a s t r o n a u t  working on t h e  r i n g  pla t forms i n d i c a t e s  t h a t  

these  p la t fo rms  and t h e i r  i n t e r f a c e  s t r u c t u r e s  a r e  adequate t o  wi ths tand 

t h e s e  working loads .  

Mounting p rov i s ions  a r e  requ i red  f o r  l i g h t s ,  e l e c t r i c a l  c i r c u i t r y ,  f u e l  

hose, e t c . ,  t o  have c o n t r o l l e d  r o u t i n g  and f i x e d  p o s i t i o n s .  

It is assumed the  above mentioned i t e m s  a r e  stowed i n  t h e  e x i s t i n g  

s t r u c t u r e  and deployed by EVA a f t e r  t h e  hangar has  been deployed and 

r i g i d i z e d .  The a t t a c h e d  p rov i s ions  w i l l  be i n  p lace  on t h e  hangar lpla t form 

assemblies  i f  t h e  l r o v i s i o n s  are sof tware  such as v e l c r o  o r  ties. 

Required l o ~ a t i o n / ~ o s i t i o n  f o r  t h e  mounting p rov i s ions  w i l l  be determined 

through a n a l y s i s  and rnockup s tudy .  

So unusual problems a r e  apparent  a t  t h i s  time. Hooks, webbing, snaps ,  

and similar i tems a t t a c h e d  t o  t h e  hangar s u r f a c e  w i l l  no t  n e c c s s a r i l y  cause  

any problems dur ing  packaging, deployment o r  r i g i d i z a t i o n .  
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Figure  IIA-3 s c h e ~ x t i c a l l y  d e p i c t s  a method of packaging t h e  i n f l a t a b l e  

OTV hangar. Th i s  is a ve ry  pre l iminary s tudy of a complex problem and 

should be considered i n  t h a t  l i g h t .  Fur the r  c l a r i f i c a t i o n  is  no t  p o s s i b l e  

u n t i l  more des ign d e t a i l s  a r e  formulated.  

Sketch Se t  1 shows t h e  hangar i n  deployed condi t ion .  Sketch S e t  2 shows t h e  

l o c a t i o n  of t h e  t o r o i d a l  expu ls ion  bladder .  The s t r a p s  and work pla t forms 

have been disconnected from t h e  h a n t - r  w a l l  f o r  s t o r a g e  ahead of t h e  

co l l apsed  expuls ion b ladder .  The pla t form s t r a p s  a t  t h e  c losed end of t h e  

hangar are l e f t  connected and r e t r i e v e d  i n t o  t h e  r i g i d  can f o r  s t o r a g e .  

Th is  ensures  t h a t  t h e  p la t fo rms  w i l l  remain wi th  t h e  ' sngar dur ing  t h e  

expuls ion process .  

Sketch Se t  3 shows t h e  work pla t forms and expu ls ion  bladders  i n  s t o r e d  

p o s i t i o n .  A vacuum bag is pos i t ioned  over  t h e  sandwich s t r u c t u r e  of t h e  

hangar s h e l l  i n  Sketch S e t  4 .  The r i g i d i z a t i o n  mechanism is  a p p l i e d  t o  

the  foan and f i b e r g l a s s  s k i n s  and then t h e  vacuum bag is  used t o  compress 

the  foam sandwich. This  may be t h e  least understood p a r t  of t h e  process .  

Sketch Se t  5 shows t h e  r i g i d  r a d i a l  suppor t  arms s t r e t c h e d  a long t h e  hangar 

a x i s  whi le  t h e  hangar s k i n  is pleat - folded i n t o  a diameter compatible 

wi th  t h e  s t o r a g e  con ta iner .  An i n f l a t a b l e  tube (Chinese w h i s t l e  o r  

blowout) i s  added t o  t h e  p lea ted  s k i n  (Sketch S e t  6 ) .  The co l l apsed  

hangar s k i n  i s  now r o l l e d  up l i k e  a window shade i n  t h e  d i r e c t i o n  of 

the  s t o r a g e  c o n t a i n e r  (Sketch S e t  7 ) .  The r o l l e d  m a t e r i a l  is placed i n t o  

t h e  c o n t a i n e r  and the  r i g i d  r a d i a l  suppor t  arms a r e  folded i n t o  p o s i t i o n  

t o  hold t h e  s t o r e d  hangar i n  t h e  r i g i d  can (Sketch Se t  8 and 9 ) .  

3 The m a t e r i a l  volume of t h e  2-112 inch foam sandwich is  714 f t  . Compression 
3 t o  one inch th ickness  g i v e s  a m a t e r i a l  volume of 143  f t  . The volume of 

3 
thc s t o r a g e  c o n t a i n e r  (14 f t .  d i a .  x 9 f t .  l g . )  i s  1,385 f t  . Therefore ,  

t h e  r a t i o  of s t o r a g e  volume t o  compressed m a t e r i a l  volume is  n e a r l y  10 ,  

which is adequate  f o r  reasonable  packaging. 
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FIGURE I I A - 3 A  PRELIMINARY PROPOSED PACKAGIKG TECHNIQUES FOR OTV INFLATABLE H,lNI:iiR 
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SKETCH S E T  7 SKETCH SET 8 SKETCH S E T  9 

FIGURE I I A - 3 D  CONT1,NUED 
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Some problems do r e m a i ~  unsolved such as -- how do we g e t  r i d  of  t h e  vacuum 

bag a f t e r  hangar deployment; what is t h e  b e s t  way t o  i n i t i a t e  t h e  r i g i d i z a t i o n  

process ;  how much EVA a c t i v i t y  should be considered dur ing  t h i s  t o t a l  process  

of deployment and e r e c t i o n ,  e t c .  These can b e s t  be reso lved  wi th  a d d i t i o n a l  

s t u d i e s  t o  review s imple r  methods o r  r e c e n t  improved i d e a s .  

Goodyear has  exper ience  i n  packing such l a r g e  s t r u c t u r e s  as nonr ig id  a i r s h i p  

envelopes,  t h e  Moby Dick Experiment (Reference l ) ,  crew t u n n e l s ,  l a r g e  

ba l loons ,  l a r g e  pa rachu tes ,  and similar s t r u c t u r e s .  Also, GAC' s  exper ience  

i n  r i g i d i z a t i o n  of space  v e h i c l e s  and payloads should  a l l o w  ready e v a l u a t i o n  

of a v a i l a b l e  d a t a  and recommendation of a v i a b l e  s o l u t i o n .  

GAC does not  have s u f f i c i e n t  t e s t  d a t a  t o  p r e d i c t  l i f e t i m e  of t h e  proposed 

hangar m a t e r i a l s  i n  the  LEO environment. P a s t  p r o j e c t s  have i n d i c a t e d  

a 5 t o  10  yea r  s t o r a g e  and s e r v i c e  l i f e  f o r  t h e s e  f l e x i b l e  s t r u c t u r e s ;  

however, u n t i l  a c t u a l  t e s t  d a t a  is eva lua ted ,  i t  is  r a t h e r  d i f f i c u l t  t o  

p r e d i c t  a 20 year  l i f e t i m e .  

Compat ib i l i ty  wi th  f lammabi l i ty ,  t o x i c i t y ,  and o f f  gass ing  requirements  

f o r  manned h a b i t a t s  is no t  considered v i a b l e  f o r  t h e  hangar a p p l i c a t i o n .  

Deployment of  t h e  packaged hangar w i l l  be i n i t i a t e d  by use  of a  t o r o i d a l  

expu l s ion  bladder  a t  t h e  r i g i d  i n t e r f a c e  panel  ( s e e  F igure  IIA-3A). The 

bladder  is t o r o i d a l  t o  permit  c l e a r a n c e  wi th  t h e  boom-docking mechanism 

stowed on t h e  hangar c e n t e r l i n e .  Once t h e  hangar body is  f r e e  o f  t h e  

s t o r a g e  c o n t a i n e r ,  a n  i n f l a t a b l e  tube  system w i l l  be a c t i v i a t e d  t o  u n r o l l  

t h e  packaged hangar much l i k e  a  Chinese w h i s t l e .  This  p o s i t i v e  f o r c e  

a c t i n g  on t h e  r o l l e d  hangar w i l l  extend t h e  hangar t o  i t s  l o n g i t u d i n a l  

l i m i t .  The expu l s ion  b ladder  and deployment tube  w i l l  be held  c a p t i v e  

r a t h e r  than allowed t o  f l o a t  f r e e l y  i n  space .  
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A low gas  p r e s s u r e  w i l l  be i n s e r t e d  i n t o  t h e  open c e l l  foam t o  shape t h e  

c y l i n d r i c a l  hangar.  This gas  p r e s s u r e  may be considered f o r  r e m ~ v i n g  t h e  

vacuum bag t o  i n i t i a t e  t h e  r i g i d i z a t i o n  process  a s  soon a s  t h e  s h a ~ i n g  

process  i s  complete. 

The proposed hangar concept u t i l i z e s  a boom-docking mechanism on t h e  hangar 

c e n t e r l i n e  f o r  p o s i t i o n i n g  t h e  payloads wi th  r e s p e c t  t o  t h e  hangar.  A 

guide r a i l  can a l s o  be i n s t a l l e d  on t h e  inner  s u r f a c e  of t h e  hangar f o r  

movement of the  payload t o  be compatible w i t h  t h e  s h u t t l e  RMS o r  a similar 

mechanical arm. Movement of t h e  hangar s h e l l  a long  i t s  c e n t e r l i n e  o r  

opening t h e  c y l i n d e r  s i d e s  l i k e  garage doors t o  e f f e c t  payload placement 

may uqduly compl icate  t h e  hangar system. 

Ground t e s t s  of  t h i s  hangar concept a r e  p o s s i b l e  and d e s i r a b l e  t o  check 

such f e a t u r e s  a s  packaging, deployment, shape c o n t r o l ,  subsystem assembly,  

c l e a r a n c e s ,  and s i m i l a r  i tems.  Whether t h e  hangar is deployed from a 

hanging p o s i t i o n  under ambient c o n d i t i o n s  o r  i n  t h e  zero-g s i m u l a t o r  

depends on which would g ive  t h e  most r e a l i s t i c  r e s u l t s  f o r  t h e  t ime and 

money involved.  

Adequate f a c t o r s  of s a f e t y  and packaging c a p a b i l i t y  a r e  d i f f i c u l t  t o  ma in ta in  

wi th  l a r g e ,  deployable,  nonmetal l ic  manned space  s t r u c t u r e s ,  wi th  i n t e r n a l  

p r e s s u r e s  n e a r  14.7 p s i g .  The c i r c u m f e r e n t i a l  stress f o r  a hangar of 23 f o o t  

diameter becomes 

O; = pR = 14.7 (y) (12) = 2029 l b s l i n c h  

Using a t y p i c a l  f a c t o r  of s a f e t y  f o r  manned s t r u c t u r e s  of 5.64 ( s e e  page 41),  

the  u l t i m a t e  s t r e n g t h  requirements  become 11,441 l b s l i n c h .  Using t h e  

c h a r a c t e r i s t i c s  of a q u a l i f i e d  space  m a t e r i a l  ( s e e  page 35) the  s t r u c t u r e  

would r e q u i r e  a t  l e a s t  11 p l y s  of m a t e r i a l ,  r e s u l t i n g  i n  a t h i c k n e s s  of 0.44 

inches .  Thus the  m a t e r i a l  becomes too  heavy, t h e  seam s t r e n g t h s  c r i t i c a l  and 

the  s t r u c t u r e  i s  no longer  packageable.  
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Gordyear produces s e v e r a l  ty*pes of f l e x i b l e  s h e e t i n g  m a t e r i a l  s u i t a b l e  

f o r  sound a t t e n u a t i o n  over  a wide frequency range.  The d s c i b e l  r educ t ion  

over the  frequency range of 100 t o  5000 Hercz is shown i n  Figure  I I B - 1 .  

I a  a d d i t i o n ,  phys ica l  p r o p e r t i e s  f o r  Acousta Sheet  i3f! and 300 a r e  a l s r  

presented t h e r e i n .  

Goodyear's Acousta Sheet  S t y l e  200 was s e n t  t o  MC il Douglas 'Tzchnical 

Se rv ices  Company (MDTSCO) f o r  t e s t i n g  a t  the  NASA Whito. Sands Tes t  

F a c i l i t y  f o r  Flammabil i ty,  T o x i c i t y ,  and VCM p r o p e r t i e s  i t '  a x o r d a n c e  

w i t h  NASA document NHB 8060.1B. The f lammabi l i ty  t e s t  was passed s i n c e  

the  longes t  burn was 2 . 9  inches  where 6 inches  b e f o r e  burnout is a c c e p t a b l e .  

The t o x i c i t y  t e s t  was a l s o  passed.  Acousta 200 i s  considered accep tab le  

f o r  use  i n  a p r e s s u r i z e d  h a b i t a t  a r e a  b u t  no t  under vacuum c o n d i t i o n s  

because of o u t  gass ing .  I n  o t h e r  words, t h e  m a t e r i a l  is accep tab le  f o r  

space  s t a t i o n  a p p l i c a t i o n s  but  not  f o r  use  i n  t h e  s h u t t l e  cargo bay a r e a .  

Sub jec t ing  :he m a t e r i a l  t o  1 2 5 ' ~  temperature  f o r  24 hours a t  1 0 - ~ t o r r  

p r e s s u r e  r e s u l t e d  i n  a t o t a l  mass l o s s  of 7.4% (1% is considered accep tcb le )  

where the  condensible  p o r t i o n  was 2 -82 % (0.1% is considered a c c e p t a b l e ?  

Vacuum bakeout may a l l e v i a t e  t h i s  o u t  gass lng  problem s i m i l a r  t o  t h e  technique 

used s u c c e s s f u l l y  wi th  t h e  Spacelab tunne l  f l e x i b l e  element.  

This t e s t  d a t a  is repor ted  i n  WSTF #83-15810 (JSC H4065) a s  p a r t  of NASA 

;SC m a t e r i a l s  t e s t  r e s u l t s .  

During a s t u d y  :>f space s t a t i o n  crew s a f e t y  a l t e r r n t i v e s ,  (Reference 6) Rockwell 

I n t e r n a t i o n a l  has de f ined  a p o t e n t i a l  need of a i, .xible a c o u s t i c  c u r t a i n  t o  

provide a q u i e t  enc losure  around a crew member l i v i n g  i n  a no i sy  environment. 

The c u r t a i n  is normally s t o r e d  i n  a packaged c o n d i t i o n  and deployed a s  

r equ i red  by t h e  crew member t o  enc lose  h i s  work s t a t i o n .  
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This a c o u s t i c  c u r t a i n  can a l s o  be used i n  t h e  space  s t a t i o n  environment t o  

a t t e n u a t e  the  noise  by pr?per plsce~ent t e a r  t h e  n o i s e  source .  Reference 7 

summarizes comments of tho Skylab and S h u t t l e  crews i n d i c a t i n g  t h e  problem 

a r e a s  and sugges t ing  p o t e n t i a l  s o l u t i o n s .  I s o l a t i n g  t h e  s l e e p  a r e a  and 

q u i e t i n g  the  o p e r a t i o n a l  a r e a  were considered most important .  The n o i s e  

problem appeared t o  i n c r e a s e  wi th  the  d u r a t i o n  of t h e  miss ion,  thus  showing 

i t s  importance f o r  space s t a t i o n  cons ide ra t ion .  
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C. DEPLOYABLE FABRIC BULKHEAD I N  A SFACE HABITAT 

Use of a n  a u t o m a t i c a l l y  deployable  f a b r i c  bulkhead i n  a space  h a b i t a t  i n  

t h e  even t  of f i r e ,  n a t u r a l  o u t  gass ing ,  s p i l l s l l e a k a g e ,  o r  a similar t h r e a t  

may be a d v i s a b l e  t o  i s o l a t e  t h e  crew members u n t i l  r e p a i r  o r  s a f e  r escue  can 

be e f f e c t e d  ( s e e  Reference 6) .  I f  t h e  bulkhead is deployed from a c e n t r a l  

s t a t i o n  i n  the  space  h a b i t a t ,  deployment can be  achieved a t  a f a s t e r  rate 

i n  a c o n t r o l l e d  manner and p r e s s u r e  l o a d s  on t h e  bulkhead minimized because 

of t h e  lower r a d i i .  

Goodyear has  developed s e v e r a l  m a t e r i a l s  s u i t a b l e  f o r  t h i s  type  o f  app l i ca -  

t i o n .  The acous ta  s h e e t  m a t e r i a l  p r o p e r t i e s  a r e  summarized i n  Figure  I I B - 1 .  

The m a t e r i a l  q u a l i f i e d  f o r  t h e  f l e x  s e c t i o n  space lab  t r a n s f e r  tunne l  i s  

de f ined  i n  Appendix C. These m a t e r i a l s  are considered a c c e p t a b l e  f o r  

space  h a b i t a t s  meeting t h e  o u t  gass ing  and f l e x i b i l i t y  requirements .  

Modi f i ca t ions  t o  t h e s e  materials may be necessary  f o r  s t r u c t u r a l  c o n s i d e r a t i o n s  

i n  s p e c i f i c  a p p l i c a t i o n s .  The d a t a  is presen ted  h e r e  f o r  guidance when 

des igning f u t u r e  nonmetal l ic  s t r u c t u r e s  f o r  use  i n  space.  
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I?. EXTEXDIBLE TL!XEL FOR SOFT DOCKING 

Space s t a t i o n  s t u d i e s  have i n d i c a t e d  a p o t e n t i a l  need f o r  a  s o f t  docking 

concept similar i l l  thought t o  t h e  load ing  ramps used w i t h  a i r l i n e r s  

a t  a i r p o r t s .  The f i n a l  i n t e r f a c e  connect ion can be made by moving a  f l e x i b l e  

tunne l  between l a r g e  v e h i c l e s  o r  bases  which are d i f f i c u l t  to  maneuver f c r  

small d i s t a n c e s .  Figure  I I D - 1  taken from Reference 8 d e p i c t s  t h i s  concept 

s c h e n a t i c a l l y  . 

h o d y e a r  Aerospace designed and b u i l t  a  f l e x i b l e  tunne l  of t h i s  tvpe  under 

SASA c o n t r a c t  9AS8-30594 with  ?larshall Space F l i g h t  Center .  The tunne l ,  

about f o u r  f e e t  i n  d iameter  and up t o  1 8  f e e t  long,  was designed f o r  u s e  

between t h e  S h u t t l e ' s  crew compartment and t h e  Spacelab. Figures  IID-2 

and IID-3 d e p i c t  the  f l e x i b l e  tunnel  i n  extended and r e t r a c t e d  c o n d i t i o n s ,  

r e s p e c t i v e l y .  Following i n t e r f a c e  connect ions  a t  t h e  f r e e  end of t h e  tunne l ,  

p r e s s u r i z a t i o n  i n  t h e  t u n e 1  w i l l  permit  personnel  t o  move from t h e  S h u t t l e  

to  the  space s t a t i o n  i n  a  s h i r t s l e e v e  environment. 

The t u n n e l ' s  i n t e r i o r  p r e s s u r e  b ladder  c o n s i s t s  of  e i g h t  p l i e s  of m a t e r i a l ,  

i nc lud ing  aluminum f o i l ,  nylon c l o t h ,  and capran f i lm.  Th i s  has  an  o u t e r  

s t r u c t u r a l  l i n e r  of Kevlar c l o t h  which h a s  a s t r e n g t h  of  1,500 by 1,500 

pounds p e r  inch.  A polyurethane foam s e r v e s  as t h e  micrometeroid b a r r i e r .  

A t y p i c a l  m u l t i l a v e r  i n s u l a t i o n  system of aluminized mylar s h e e t s  separa ted  

by f a b r i c  n e t t i n g  is used a t  t h e  o u t e r  s u r f a c e  f o r  p a s s i v e  thermal c o n t r o l  

i n  the  space  environment. 
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During the study of a l a r g e  f l e x i b l e  tunnel f o r  ShuttleIPayload In t e r f ace  

(Reference 9) s eve ra l  concepts were inves t iga ted .  GAC designed, fabr ica ted  

and func t iona l ly  t e s t ed  a 114-scale model and a preliminary design and 

ana lys i s  of a fu l l - s ca l e  model was completed. This cable-supported tunnel 

i n  114-scale model is shown i n  Figures IID-4, IID-5, and IID-6 f o r  s t r a i g h t  

deployment, curved deployment, and i n t e r n a l  views, respec t ive ly .  This 

model work culminated i n  the  design and f ab r i ca t i on  of t he  fu l l - s ca l e  

ground t e s t  model of the  cable-supported tunnel previously shown i n  Figures 

IID-2 and IID-3 (Reference 10).  

This da ta  is presented t o  summarize the  e f f o r t  GAC has  conducted i n  the  

s o f t  tunnel concept. It is hoped t h a t  t h i s  information w i l l  lead t o  new 

and r e l a t ed  ideas  t o  so lve  the  soft-docking phenomenon. New space- 

compatible mater ia l s  have s ince  been developed, therefore ,  i t  is unl ike ly  

t ha t  the  mater ia l  construct ion presented here in  w i l l  be dupl icated i n  the 

fu ture .  
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E. DEPLOYABLE SPACE RECOVERYIRE-ENTRY SYSTEMS - PERSONNEL OR MATERIALS 

GAC has  been a c t i v e  i n  recovery o r  escape from space  us ing deployable  

s t r u c t u r e s  e a r l y  i n  the  space program. This  e f f o r t  inc luded s tudy  of 

techniques f o r  deployment, i n f l a t i o n ,  o r b i t a l  i n j e c t i o n  and re-entry  thermal 

c o n t r o l .  

The e a r l y  s t u d i e s  on the  Dynasoar manned re -en t ry  v e h i c l e  and m i s s i l e  recovery 

systems u t i l i z e d  a deployable  s t r u c t u r e  of  Rene 41  wire  mesh s u b s t r u c t u r e  

wi th  CS105 e l a s t o m e r i c  coa t ing .  The upper temperature  l i m i t s  f o r  t h e  m a t e r i a l  

were considered i n  t h e  1,500 t o  1,800°F range.  Re-entry bodies  were designed 

wi th  r a d i i  o f  s u f f i c i e n t  s i z e  t o  ensure  t h a t  maximum temperatures  never  

exceeded 1 , 8 0 0 ~ ~ .  A f t e r  pass ing through t h e  re-entry  phase, t h e  CS105 

e las tomer  turned i n t o  a ccramic-l ike mater:al a s  a r e s u l t  of t h e  h e a t .  

Many s t u d i e s  were made of d i f f e r e n t  a p p l i c a t i o n s  and some models were con- 

s t r u c t e d ;  however, no p ro to type  hardware was cons t ruc ted .  

Rockwell I n t e r n a t i o n a l  (Reference 6) summarized t h e  deployable  manned escape 

systems considered by Government and Indus t ry  dur ing  t h e  p a s t  twenty y e a r s .  

These a r e  shown i n  F igure  IIE-1 f o r  convenience. GAC was involved i n  t h e  

AIRMAT and ENCAP escape systems us ing  exper ience  gained w i t h  escape capsu le  

development f o r  government high-speed a i r c r a f t .  GAC a l s o  worked on a s a v e r  

escape ba l loon  concept  s i m i l a r  t o  Rockwell 's which e v e n t u a l l y  l e d  t o  t h e  

d iscovery of t h e  B a l l u t e  f o r  d e c e l e r a t i o n  and s t a b i l i z a t i o n  of bodies  

t r a v e l i n g  a t  high speed.  B a l l u t e s  have been v e r y  e f f e c t i v e  as drogues o r  

s t a b i l i z e r s  f o r  h igh speed recovery systems and missiles. GAC p r e s e n t l y  has  

product3.on c o n t r a c t s  f o r  s t a b i l i z a t i o n  and d e c e l e r a t i o n  of  500 and 2,000 

pound bomb systems d e l i v e r e d  by high-speed a i r c r a f t ' f o r  t h e  A i r  Fcrcc.  

Many s i m i l a r  deployable  B a l l u t e  systems have been s t u d i e d ,  b u i l t ,  t e s t e d  and 

manufactured i n  q u a n t i t y .  B a l l u t e  performance is p r e d i c t a b l e  by GAC 

s t r u c t u r a l  and dynamic s p e c i a l i s t s  based on test r e s u l t s  and e x t e n s i v e  

exper ience  i n  t h e  des ign  of " ~ a g "  s t r u c t u r e s .  
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The B a l l u t e  is s u c c e s s f u l l y  being considered as a deceleratinglstabilizing 

body f o r  a n  O r b i t a l  Trans fe r  Vehicle (OW) f o r  o r b i t a l  changes from GEO t o  

LEO. Reference 11 g i v e s  a good review of performance parameters f o r  t h e  

B a l l u t e s  . 

New materials have been developed which should open new a r e a s  f o r  deployable  

systems i n  the  recoverylre-entry  d i s c i p l i n e .  Nextel  R and ,calon R have 

r e c e n t l y  been developed and t e s t e d  t o  temperatures i n  t h e  2,500 t o  3 , 0 0 0 ' ~  

range. These materials a r e  a v a i l a b l e  i n  thread,  woven c l o t h ,  and non-woven 

f e l t  pad- Nextel is a ceramic f i b e r  ~ r o d u c t  o f  3 M  which becomes r i g i d  a t  

t h e  high temperature cond i t ion .  Nicalon i s  a s i l i c o n e  c a r b i d e  f i b e r  which 

remains f l e x i b l e  t o  the  3 , 0 0 0 ' ~  range. GAC uses  t h e s e  two m a t e r i a l s  i n  a 

l imi ted  o r  mult i l a y e r  b lanke t  fom, f o r  OTV B a l l u t e  i n s u l a t i o n .  'I~rermal 

tests of r e p r e s e n t a t i v e  assemblies  have shown t h e  m a t e r i a l  t o  be s u i t a b l e  f o r  

OTV cons idera t ion .  Indeed, t h e s e  new snd improved materials could provide 

rea l i sm and v i a b i l i t y  t o  t h e  deployable  recoverylre-entry  systems proposed 

i n  the  p a s t .  Typical  Nextel  R and Nicalon R m a t e r i a l  samples were provided t o  

NASA-MSFC f o r  t e s t i n g  of flamrnabilj :y and out-gassing c h a r a c t e r i s t i c s  and 

c o m p a t i ~ i l i t y  wi th  the  space environment. 
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F. MANNED HABITAT FOR A SPACE STATION 

A f l e x i b l e  mater ial  considered acceptable f o r  space app l i ca t ions  is a 

f a b r i c  cons is t ing  of Nomex unid i rec t iona l  c lo th  coated with Viton B-50 

elastomer. Goodyear has qua l i f i ed  t h i s  mater ia l  t o  s t r i c t  requirements 

of the NASA Space Shu t t l e  Orbi ter  Crew Cabin and Spacelab module. Since 

much input i n  the  present  study relies on work conducted with the  f l e x  

sec t ion ,  the following paragraphs have been added t o  summarize the goals  

and achievements a t t a ined  while qua l i fy ing  t h i s  unique mater ia l .  

Each ~omex/Viton B-50 mater ia l  ply had the  following propert ies:  

S t r i p  Tensi le  Strength 

Weight, a f t e r  cure 

Thickness, a f t e r  cure 

Peel Adhesion, a f t e r  cure 

a f t e r  post  cure 

Average Values 

1,074 lb l inch  

L .13 ozlyd2 

0.040 inch 

29.7 l b l inch  

29.7 lb / inch  

Tests  v e r i f i e d  t h a t  mater ia l  XA30A553 m e t  the required values and could 

be used i n  construct ing the f l ex ib l e  element development test models. 

(See Appendix C f o r  more d e t a i l s )  

Figure IIF-1 shows the  i n f l a t a b l e  s h e l l  GAC proposes a s  interfaced with 

the R I  strongback defined i n  R I  Habitat  Module, Concept 3. (See Reference 3) 

A qlanar  i n t e r £  ace is projected t o  s implify f ab r i ca t ion  and el iminate  poten- 

t i a l  leakage a reas .  An even number of mul t ip le  l aye r s  of t he  NomexIViton 

B-50 qua l i f i ed  mater ia l  w i l l  be laminated together  u n t i l  adequate s t r eng th  

is obtained. The type of i n t e r f ace  connection envisioned is shown i n  

Figure IIF-2. A f l e x i b l e  cable  w i l l  serve as t h e  bead t o  assure  s t r u c t u r a l  

i n t e g r i t y  during deployment and f u l l y  i n f l a t ed  opera t iona l  condi t ions.  This  

system has a l s o  been used e f f e c t i v e l y  t o  el iminate  pressure leaks  at 

mechanical i n t e r f aces .  
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By a t t ach ing  f i lm  t o  the  r i g i d  sur face  inboard of bead sect ion.  the  

po ten t i a l  leakage path of the  bead is eliminated. Pressure i n s ide  the  

hab i t a t  w i l l  help f i lm i n  its sea l ing  a c t i o n  a l so .  Excess mater ia l  should 

be provided i n  bead-crotch a rea  t o  prevent f i l m  from taking any s t r e t c h i n g  

loads r e s u l t i n g  from the Habitat  i n t e r n a l  pressure.  

Figures IIF-3 and IIF-4 def ine  the  c h a r a c t e r i s t i c s  of the  h a b i t a t  i n f l a t a b l e  

s h e l l  mater ia l  proposed by GAC f o r  both no-foam and with-foam conditions.  

Whether o r  not foam is required f o r  micrometeoroid protect ion is not  known 

a t  t h i s  time. Future tests w i l l  confirm t h i s  design feature.  The aluminum 

f o i l  l ayer  uas defined as a flame b a r r i e r  i n  earlier GAC s tudies .  The 

f o i l  may not  be necessary with the  ~omex/Viton B-50 mater ial ;  however, i t  

is believed t h a t  some cosmetic l aye r  would be required on the pressure s i d e  

s o  the  weight was l e f t  i n  a t  t h i s  time. Present  est imates  are t h a t  each 

s h e l l  weighs approximately 3,700 l b s  . 

Each of t he  i n f l a t a b l e  s h e l l s  of t h e  hab i t a t  is a  4 meter (13.123 f t . )  

diameter cyl inder .  For a  design operat ing pressure of 14.7 psig,  the  

limit circumferent ial  and longi tudinal  membrane s t r e s s e s  a r e  simply, 

These s t r e s s e s  a r e  car r ied  by the required number of p l i e s  of cord-type 

f ab r i c  t h a t  is laid-up i n  a  fashion similar t o  fi lament winding. The 

circumferent ial  p l i e s  a r e  ac tua l ly  placed a t  2 75 degrees with respect  t o  

the  longi tudinal  a x i s  of the  cyl inder  and terminate near the tangency of  

the cyl inder  t o  the end domes. The longi tudinal  p l i e s  a r e  wrapped a t  2 
15 degrees with respect  to  the  longi tudinal  a x i s  of the cyl inder  and continue 

on t o  form the end domes. Woven f ab r i c  o r  r i g i d  metal domes may be used. 
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DETAIL WEIGHTS 
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9.139 
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CONSTRUCTION 

ALUHINUM FOIL LAYER 
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ADHESIVE 

THERMAL COATING 
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1.42 
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COATING 

TOTAL 

CHI cuZ ~ZIYARDS* 

0.002 

0.005 

1.370 

0.024 

0.080 

0.005 

0.031 

1.52 

0.590 

1.474 

405 

7.075 

23.584 

1.474 

9.139 

448 
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Design f a c t o r s  as used i n  t h e  Spacelab Trans fe r  Flex Sec t ion  a r e  app l ied .  

Assuming t h a t  t h e  i n f l a t a b l e  s h e l l  is capable  o f  wi ths tanding a s l i t  one- 

h a l f  inch long, these  f a c t o r s  are: 

Basic  f a c t o r  o f  s a f e t y  = 1.50 

Temperature degradat ion f a c t o r  a t  1 2 0 ' ~  = 1.03 

Concentra t ion f a c t o r  due t o  112 inch  s l i t  (16 cords  c u t  per  
each ply)  is 3.65 

Therefore ,  t h e  combined f a c t o r  is, D. F. = 5.64 (6) 

Solving t h e  a p p l i c a b l e  equa t ions  g i v e s  c i r c u m f e r e n t i a l  p l i e s  = 5 

and l o n g i t u d i n a l  p l i e s  = 2.55 

I n  o r d e r  t o  o b t a i n  t h e s e  requ i red  number o f  p l i e s  and a l s o  have symmetry, 

a t o t a l  of 9 p l i e s  a r e  requ i red .  With r e s p e c t  t o  t h e  a x i s  of t h e  c y l i n d e r ,  

one ply  a t  90 degrees.  f o u r  p l i e s  a t  - + 75 degrees  and f o u r  p l i e s  a t  + 
1 5  degrees  extend p a s t  t h e  c y l i n d e r  t o  form t h e  end domes. Hence, t h e  t o t a l  

2 2 th ickness  and u n i t  weights bercme 0.32 inches  and 405 ozlyd (1.37 gm/cm ) 
2 2 over  t h e  c y l i n d e r  and 0.14 inches  and 180 oz/yd (0.61 gmjcm ) over  t h e  I I 

dome ends. 

The above u n i t  weights of t h e  s t r u c t u r a l  l a y e r s  a r e  combined wi th  those  f o r  

n o n s t r u c t u r a l  l a y e r s  i n  Figure  IIF-3. Here, t h e  t o t a l  u n i t  weights  are then 
2 2 2 2 418 o z / ~ d  (1.42 gmlcm ) over  t h e  c y l i n d e r  and 193  oz/yd (0.65 gm/cm ) over 

t h e  dome ends. The fol lowing weight estimate Lses t h e s e  u n i t  weights  

a long  wi th  t h e  geometry of F igures  IIF-1 and IIF-2. 

The fol lowing weights  a r e  f o r  one of t h e  i n f l a t a b l e  s h e l l s :  

Cyl inder  weight = 2,750 l b s .  

Two Domes = 600 l b s .  

Bead Cable = 350 l b s .  

3,700 l b s  . , t o t a l  

Since  the  i n f l a t a b l e  s h e l l  m a t e r i a l  f o r  t h e  h a b i t a t  is pro jec ted  t o  weigh about 
2 2 1.4 gmlcm , i ts weight is considerably  above t h e  0.50 gmlcm u s u a l l y  considered 

adequate f o r  r a d i a t i o n  p r o t e c t i o n  of t h e  crew. 

- 41 - 



4, 
GOODY EAR AEROSPACE 

C O Y * l I Y . I I ~ , .  

L - 

I I GAC 19-1615 

II; 
Figure IIF-5 d e p i c t s  schemat ica l ly  t h e  i n f l a t a b l e  h a b i t a t  from packaged t o  

deployed c o n d i t i o n  w i t h i n  t h e  envelope e s t a b l i s h e d  by R I .  No unusual 

problems a r e  a n t i c i p a t e d  a t  t h i s  t i m e .  The s h e l l  m a t e r i a l  is t h i c k e r  

than o r i g i n a l l y  a n t i c i p a t e d  b u t  should o f f e r  no f u n c t i o n a l  d i f f i c u l t i e s .  

Th i s  is no longer  a n  " e l a s t i c  recovery" m a t e r i a l  approach because of t h e  

s t r u c t u r a l  material requirements.  

Th i s  R I  concept (Reference 3) c o n s i s t s  e s s e n t i a l l y  of a n  i n f l a t a b l e  s h e l l  

mounted on each s i d e  of a strongback. The strongback s e r v e s  as a launch 

c r a d l e ,  a mounting p la t fo rm f o r  equipment, and as a s t r u c t u r a l  suppor t  

f o r  t h e  a i r l o c k s  and docking systems. The covers  f o r  t h e  stowed i n f l a t a b l e s  

a r e  used as r a d i a t o r s  once t h e  i n f l a t a b l e  s h e l l s  a r e  deployed. The 

deployed module forms two s e p a r a t e  s e c t i o n s  f o r  s a f e t y  and redundancy, wi th  

t h e  strongback providing a long c e n t r a l  f l o o r .  The two docking systems and 

one a i r l o c k  i n  t h e  strongback conform t o  s t andard  h a b i t a t  module 

p r a c t i c e  f o r  des ign and placement. 

A package volume of 186 f t 3  is a v a i l a b l e  f o r  s t o r i n g  each s h e l l .  The s h e l l  
3 m a t e r i a l  volume is around 35 f t  . This g ives  a packing f a c t o r  of over  5 

which seems more than adequate.  

. PI- , i -C 
! f" 

, I '  

r* 
. 0 .  - L- 

Mounting of equipment t o  t h e  i n f l a t a b l e  can be accomplished b e s t  through use  

of Velcro,  s t r a p s  wi th  hooks o r  r i n g s  a t t a c h e d  o r  metal (no snag) hardware 

a t t a c h e d  d i r e c t l y  t o  t h e  i n f l a t a b l e  i n n e r  s u r f a c e .  Th is  ?- +rdware can be 

r e a d i l y  a t t ached  us ing  c i r c u l a r  o r  f i n g e r  patches  t o  d i s t r i b u t e  t h e  r e s u l t a n t  

load  i n t o  t h e  i n f l a t a b l e  s u r f a c e .  Rigid equipment can be a t t a c h e d  t o  t h e  

i n f l a t a b l e  s h e l l  once t h e  h a b i t a t  is i n  o p e r a t i o n .  

Rather than add o t h e r  i n f l a t a b l e  frames t o  t h e  s h e l l ,  i t  is recommended t h a t  

r i g i d  f o l d a b l e  o r  t e lescop ing  frames be a t t zched  t o  t h e  i n f l a t a b l e  s u r f a c e  

once deployed and used as a building-block concept t o  add more equipment. 
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G . ADDITIONAL CONSIDERATIONS 

Many o t h e r  subsystem and system i d e a s  and concepts  f o r  non-metall ic  

s t r u c t u r e s  have been d i scussed  wi th  cogn izan t  space  eng ineers  and s c i e n t i s t s  

i n  government and i n d u s t r y .  The fol lowing l i s t  is  given f o r  informat ion 

only ,  s i n c e  funding and schedule  l i m i t a t i o n s  of t h e  program do no t  permit  

a  d e t a i l e d  des'gn a n a l y s i s :  

1 )  A S to rage  Volume e x t e r n a l  o f  t h e  Space S t a t i o n  h a b i t a t  

2) A Debr is  o r  Junk Enclosure e x t e r n a l  of t h e  Space S t a t i o n  
h a b i t a t  

3) At tachab le  work s t a t i o n s  f o r  s p e c i a l  o r  i s o l a t e d  p r o j e c t s  

4 )  Sa fe  Haven S t r u c t u r e s  

Some of these  i d e a s  seem s i m i l a r ;  however, no one s o l u t i o n  w i l l  s e r v e  a l l  

of t h e  above goa l s .  Once a space  s t a t i o n  des ign  becomes a  r e a l i t y ,  s p e c i f i c  

requirements  f o r  some of  t h e  above i d e a s  w i l l  evolve .  

S t u d i e s  of space s t a t i o n s  o r  f r e e  f l y i n g  p la t fo rms  have i n d i c a t e d  a  need f o r  

"safe-haven" p rov i s ions .  ReFe-ence 6 s u g g e s t s  an  e x t e r n a l  i n f l a t a b l e  

volume o r  a  temporary volume enclosed w i t h  i n f l a t a b l e  bulkheads.  Reference 

12 i n d i c a t e s  t h a t  i n  a  f r e e - f l y i n g  p la t fo rm type of conf igura t ion ,  n o t  

a t t ended  by o r b i t e r ,  crew s a f e t y  must b e  assured  by t h e  p rov i s ion  of a  ded ica ted  

s a f e  haven, con ta in ing  s u f f i c i e n t  l i f e  suppor t  c a p a b i l i t i e s  t o  a s s u r e  crew 

s u r v i v a l  u n t i l  r e scue  by o r b i t e r .  A t  l e a s t  2 d i s c r e t e ,  emergency s a f e  haven 

h a b i t a b l e  volumes a r e  t o  b e  provided a t  a l l  t imes  and p r o v i s i o n s  f o r  r e scue  

of t h e  crew from an i s o l a t e d  " sa fe  haven" by o r b i t e r  ought t o  be made. 

The Lunar S h e l t e r  (S tay  Time Extension Module, STEM) developed by GAC dur ing 

Apollo days may r e a d i l y  be adopted t o  t h e  "safe-haven" concept  f o r  space  

s t a t i o n s .  (Reference 13)  
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SECTION I11 -- PERFORMANCE PARAMETERS 

A. MICROMETEOROID PROTECTION OF INFLATABLE/DEPLOYABLE STRUCTURES 

The s e l e c t i o n  of f l e x i b l e  polyurethane foam a s  a  micrometeoroid b a r r i e r  

fo r  in f la tab le /deployable  s t r u c t u r e s  is  based on company-sponsored hyper- 

ve loc i ty  p a r t i c l e  impact t e s t s  conducted a t  t he  I l l i n o i s  I n s t i t u t e  of 

Technology and tests conducted a t  t h e  RTD f a c i l i t y  i n  Dayton. A s  a  r e s u l t  

of these t e s t s  (0.0045-gram p a r t i c l e s  a t  22,000 f t l s e c  and 0.005 gram p a r t i -  

c l e s  a t  30,000 f t l s e c ) ,  i t  was concluded t h a t  foam of 1.2-pcf dens i ty  was 

equivalent  t o  a  s i n g l e  sheet  of iluminum of 1 5  times the  mass per u n i t  

a rea .  Thus, a  two-inch thickness  of 1.2 pcf foam is considered equivalent  

t o  an aluminum shee t  0.53-cm th i ck  (1.44 gm/cm2) with respec t  t o  penetra- 

t i o n  res i s tance .  Based on preliminary ana lys i s ,  the  probabi l i ty  of zero 

penetrat ion f o r  a  30-day period w i l l  exceed 0.999. 

Figure IIIA-1 summarizes the  types of ma te r i a l s  t e s t ed  f o r  Goodyear f o r  

micrometeoroid pro tec t ion  systems to  be used wi th  i n f l a t a b l e  o r  f l e x i b l e  

s t r u c t u r e s  i n  space. These da ta  can be used a s  a  s t a r t i n g  point  if 

addi t ional  tests a r e  required f o r  t he  hangar a s  wel l  a s  the  manned h a b i t a t  

appl ica t ion .  

The average cumulative t o t a l  meteoroid flux-mass model f o r  1 A.U. has been 

e s s e n t i a l l y  the  same f o r  the  l a s t  twenty years .  For t h i s  reason the  foam 

micrometeoroid pro tec t ion  system is  s t i l l  a v i ab l e  approach. 

The dens i ty  of the  foam b a r r i e r  was increased i n  development s t u d i e s  

from 1 t o  2 l b l cu  f t  t o  provide a  non-flammable mater ia l .  Even though 

the  ma te r i a l  dens i ty  was increased, the  e f f ec t i venes s  of the ma te r i a l  a s  

a  b a r r i e r  t o  p a r t i c l e  penetrat ion was not  increased.  Thus the  ma te r i a l  

provided equivalent  pene t ra t ion  pro tec t ion  f o r  equivalent  thickness ,  

independent of mater ia l  dens i ty .  
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For t h e  expandable r i g ~ d i z e d  materials concept,  a d i f f e r d n t  type of b a r r i e r  

 ater rial i s  provided.  Th is  is a f l e x i b l e  ure thane mesh ( S c o t t  Foam 1 0  PPI) 

of 1 . 8  l b / c u  f  t d e n s i t y .  whi ie  t h e  f u n c t i o n  of t h i s  m a t e r i a l  is  p r i m a r i l y  

to  a c t  a s  a micrometeoroid b a r r A e r ,  i t  a l s o  s e r v e s  as a b a s i c  mechanism f o r  

r i g i d i z a t i o n  of t h e  s t r u c t u r e .  The mesh material is a n  i d e a l  s u b s t r a t e  f o r  

impregnation wi th  g e l a t i n  r e s i n ,  which s e r v e s  a s  a r i g i d i z i n g  agen t .  The 

normally f l e x i b l e  mesh m a t e r i a l  when impregnated may be r i g i d i z e d  by vacuum 

cur ing  of t h e  r e s i n ,  thereby providing a r i g i d  wa l l  s t r u c t u r e .  With r e s p e c t  

t o  p a r t i c l e  p e n e t r a t i o n  p r o t e c t i o n ,  t h i s  m a t e r i a l  p rov ides  t h e  same pro- 

t e c t i o n  f c r  a n  equ iva len t  th ickness  a s  t h e  f l e x i b l e  foam m a t e r i a l  used i n  

t h e  e l a s t i c  recovery m a t e r i a l s  concept.  (Reference 4 ) .  

It i s  l i k ? l y  t h a t  a d d i t i o n a l  t e s t s  w i l l  have t o  be  m d e  on r e p r e s e n t a t i v e  

hangar m a t e r i a l s  wi th  and wi thout  r i g i d i z a t i o n  t o  determf.ne r e s i s t a n c e  t o  

p e n e t r a t i o n  by micrometeoroids and space d e b r i s .  

GAC is  proposing a s h e l l  m a t e r i a l  f o r  t h e  manned h a b i t a t  bo th  wi t \  and 

without foam a t  t h i s  time. It is be l i eved  t h a t  t h e  s h e l l  t \ i ckness  a l o n e  

is adequate t o  p r o t e c t  t h e  a s t r o n a u t  from t h e  micrometeoroid f l u x  a s  

p r e s e n t l y  pos tu la ted ;  however, on ly  a d d i t i o n a l  tc5:ir.g can answer t h i s  

ques t ion .  

The one inch th ickness  of foam was considered t o  3e  adequate dur ing  t h e  

design of t h e  D-21 Expandable a i r l o c k .  Since  t h e  assumed m i c r o m e t e ~ r ~ - ~ d  

f l u x  has  e s s e n t i a l l y  remained t h e  same f o r  t h e  lasc 1 0  t o  15 years ,  GAC 

f i rmly  b e l i e v e s  t h a t  adequate  p r o t e c t i o n  is provided f o r  t h e  corresponding 

foam m a t e r i a l  des ign f o r  t h e  manned h a b i t a t .  
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B. LEAKAGE RATE PREDICTION AND CONTROL FOR INFLATED STRUCTURES I N  SPACE 

Leakage can general ly  be a t t r i b u t e d  t o  t h e  gas permeabili ty of the  bas ic  

fabr ic  and the mechanical i n t e r f ace  between t h e  f l e x i b l e  and r i g i d  

s t ruc ture .  Development goals  a r e  general ly  i n  t h e  range of 0.25 t o  

0.50 lb/day and/or two t o  th ree  percent of the  volume per day f o r  l a v e  

volume s t ruc tu re s .  Goodyear has been exposed t o  t h i s  problem i n  the  t i re 

industry fo r  a long time. A t  the  present  time, tires with a n  i n i t i a l  

pressure of 30 - 35 psig,  a 1.95 cu f t  volume and a sur face  a r ea  of 825 sq. 

in.  show a pressure l o s s  of 1.7  psi/month. The bes t  t i re  technology 

pred ic t s  a fu ture  value of 0.5 psilmo. pressure drop f o r  t h i s  same t i r e .  

The following air lo s se s  can be predicted f o r  these pressure drops as -- 

2 
A w = 0.017 l b s / m  = l ~ ' ~ l b s / f t  /day fo r  1.7 psi  pressure loss  

and - 5 2 
A w = 0.005 lbslmo = 2.95 (10 ) l b s l f t  /day for 0.5 psi pressure 

loss 

A space hab i t a t  would l i k e l y  r e t a i n  a constant  pressure a t  a l l  times 

ra ther  than l e t  the  pressure decrease because of l eaks .  This cons tan t  

pressure s i t u a t i o n  was analyzed f o r  the  f l e x  s ec t i on  and t ire designs 

and it was fodnd t h a t  the  leak  l o s s  increases  an  i n s ign i f i can t  amount 

because of the low pressure l o s se s  involved i n  t he  f i r s t  place. 

A t yp i ca l  f l ex ib l e  h a b i t a t  with a sur face  a r ea  of 1315 f t 2  therefore ,  

using the 1.7 p s i  l o s s  condition, has a leakage of 0.13 lbslday.  This is 

l e s s  than the  0.5 lbs/day leakage allowable f o r  t h e  h a b i t a t  i t s e l f .  No 

leakage is an t ic ipa ted  a t  t he  bead i n t e r f a c e  of tires s ince  t h i s  is  

considered an unacceptable design. This s6.w design philosophy must be 

chosen f o r  a f l e x i b l e  i n f l a t a b l e  h a b i t a t  s t ruc tu re .  

A typ ica l  bead-type i n t e r f ace  between a f l e x i b l e  s t r u c t u r e  and a r i g i d  

s t ruc tu re  is shown i n  Figure IIIB-1. Many t i m e s  '0' r i n g s  are incor- 

porated t o  e l iminate  leaks  a t  t he  i n t e r f ace ;  however, t h i s  becomes 
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d i f f i c a l t  when i r r e g u l a r  paths  a r e  experienced. For t h i s  reason by 

a t t ach ing  f i lm  t o  t h e  r i g i d  sur face  inboard of bead sec t ion  the 

po ten t i a l  leakage path of t he  bead is eliminated. Pressure i n s ide  the  

hab i t a t  w i l l  help f i lm  i n  its sea l ing  a c t i o n  a l so .  Excess mater ia l  

should be provided in bead-crotch area t o  prevent f i lm  from taking any 

s t r e t ch ing  loads  r e s u l t i n g  from the h a b i t a t  i n t e m a l  pressure.  

For i n i t i a l  pressures  of 14.7 psig,  the tire would experience even lwer 

leak  losses .  Conservative es t imates  i nd ica t e  t h a t  t he  predicted leakage 

f o r  the space hab i t a t  of 0.13 lbs lday  uould be 8 tires lwer with the  

i n i t i a l  pressure being 14.7 ps ig  r a t h e r  than 30 psig,  and the  ex t c rna l  

environment the vacuum of space. 

Since leakage depends on the geometry of the  expandable s t r u c t u r e  i n  

addi t ion  t o  the mater ia l  i t s e l f ,  a c t u a l  test da t a  is *ecessary t o  enhance 

predict ions f o r  t l~eprototype.  For f u r t h e r  precaut ions .  a non-permeable 

f l e x i b l e  f i lm o r  l o w  permeable inner elastomer l i n e r  compatible with the  

envir0nmer.t involved could r ead i ly  be incorporated. 

Tests  were conducted on f l e x  element (XA30A553) mater ia l  t o  ensure t h a t  

the two p l i e s  of each of t he  materials were completely bonded together  and 

that no res idua l  HEK was trapped in t h e  elastomer. No i r r e g u l a r i t i e s ,  no 

debond, nor b l i s t e r s  were noted before,  during o r  a f t e r  the specimen 

tests. Zero permeabili ty was measured f o r  the  mater ia l s  over a n  

extended period with H e l i u m  gas, thus showing that t h e  mater ia l  leak r a t e  

was less than 30 SCCM f o r  d i f f e r e n t i a l  pressures  of 14.9 psig.  

For t h i s  reason, mul t ip le  l aye r s  of t he  above ma te r i a l  should a l s o  o f f e r  

zero permeabili ty.  The biggest problem area is usua l ly  t he  mechanical 

in te r face .  Recognizing t h i s  goes a long way towards solving the  p o t e n t i a l  

leakage problem. 
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GAC had t o  determine whether t he  s h u t t l e  f l e x  s ec t i on  leak test da ta  met 

the s p e c i f i c a t i o n  requirement t h a t  a t  14.9 p s i g  cons tan t  i n t e r n a l  

pressure the leakage vould no t  exceed 0.116 l b s l  day. The test w a s  con- 

ducted allowing the  i n t e r n a l  pressure t o  decrease with t i m e  a s  a consequence 

of the  leakage while the s p e c i f i c a t i o n  is f o r  a leak  rate a t  a constant  

i n t e r n a l  p ressure  of 14.9 psig.  

GAC developed a mathematical model of t he  system as tes ted  with emphasis of 

the leakage process which permits t he  pressure t o  decrease with time. GAC 

then va l ida ted  the  mathematical model by comparison wi th  t he  measured test 

data .  

The bas ic  idea  w a s  t o  determine the  decreasing pressure  v s  time h i s t o r y  

f o r  a system with i n i t i a l  pressure of 14.9 psig,  which w u l d  s a t i s f y  the  

0.116 lb s lday  leak  r a t e  when at  a constant  i n t e r n a l  p ressure  of 14.9 ps ig .  

The test w a s  modeled a s  shown: 

The test sec t ion  is a closed conta iner  with mass leaking (flowing) ou t  

through very small  openings. The f l u i d  flow is  of very low ve loc i ty  and 

the area through which i t  flows is  very small. The flow is then of low 

Reynolds Number and therefore  viscous and laminar. This condi t ion can be 

modeled a s  shown above by a closed pressure  ves se l  (C.V.) with a long, 

t h i n  tube through which the  leakage f l u i d  passes.  
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Since t h e  c o n t r o l  volume is  a p r e s s u r e  v e s s e l ,  c o m p r e s s i b i l i t y  e f f e c t s  

should be considered.  The flow through t h e  tube is  dominated by 

v i s c o s i t y .  S ince  v i s c o s i t y  'is n o t  s t r o n g l y  a f f e c t e d  by p ressure ,  n e g l e c t  

c o m p r e s s i b i l i t y  e f f e c t s  f o r  t h i s  s imple  model. 

F r o u  c o n t i n c i t y  

1 m o u t  o f  C.V. t h r o u g h  t u b e  

E a u a t i o n  of S t a t e  i n  C.V. i s  

P = ~ r ~ s s u r c  ( l b /  Ft2) 

Y = Volume ( ~ t ~ )  

m = mass ( s l u g s )  

R = g a s  c o n s t a n t  ( 1 7 1 6  
~ t - ' l b s  
S lug- 'R  1 

T - T e m p e r a t u r e  (OR) 

Assume Y a n d  T are  c o n s t a n t  f o r  t h e  t e s t .  
1 1 

dm 
- I -  T h e r e f o r e  d t  d c  (&) . 
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Assume f l o w  I n  t u b e  Is s t e a d y  and laminar ,  1 . e . .  Hagen- 

P o i s e u i l l e  f l o v .  ( H a p - )  

T h e r e f o r e  s o l u t i o n  o f  t h e  H . P .  f l o w  g i v e s .  f o r  volume o f  f l u i d  

through tube  per  u n i t  t ime 

where r  - r a d i u s  oE cube (E t )  
0 

L - l e n g t h  o f  tube  ( f t )  

u - dynamic v i s c o s i t y  of f l u i d  

P 1  - P r e s s u r e  upstream o f  f l o w  ( l b f ~ t ' )  

P 2  - P r e s s u r e  downstream of flov ( l b / ~ t * )  
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For  ; m u l t i p l y  e q u a t i o n  ( 3 )  by . S i n c e  t h e  mass f l o w  of  i n t e r e s t  f 
i m  t h a t  v h l c h  i m  e x i t i n g  t h e  t u b e ,  ume ( a m b i e n t  d e n r i t y ) .  2 

m 

Then maas f l o w  t h r o u g h  t u b e  becomes  

. p 2  n r  
4 

m - 
8u L (P, - p 1 atm 

S u b s t i t u t e  equation (2) and equation (4)  for equation (1) 

dP1 
4 

O 2  . R T1 r o  - I 
d t  8 u V l  L'-- (P1 - p 1 atm . 

Equation (5)  is of the form 

w h e r e  

Now w e  r e d e f i n e  v a r i a b l e s .  

- 
p - (PI-P 1 -  

atm 

d-~ d P l  
T h e r e f o r e  - - d t 



GOOOYEAR commomavaoa AEROSPACE 

1 . " GAC 19-1615 

I-, I-m 

- 
dP 

and - Y d t  
P - 

whose s o l u t i o n  i s  P - C e  Y t  

There fore  3 0 . 1  - C c0 

or C - 3 0 . 3  i n  Hg, 

and = 3 0 . 3  e Y t  ( 8 )  

y of equation (8) i s  actual ly  the k of equation ( 6 ) .  Now we computed 

some v a l u e s  of y f o r  v a r i o u s  A t  intervals from t h e  exper iment  

to v e r i f y  t h a t  Y i s  i n  f a c t  a  c o n s t a n t .  

I n t e g r a t e  equation ( 7 )  



C: .. ' 9 . .  - .  
, ,  . . GOOOVEAR AEROSPACE 

. . . . 
* .- 4 u COrnCOI.IIO* 

.I .-";' : . - 

b 1 -, GAC 19-1615 

I 

From t h e  t e s t  d h t a  w h e r e  t h e  f l e x  s e c t i o n  w a s  p r e s s u r i z e d  t o  3 0 . 3  i n  i 

Hg g a g e  i n i t i a l l y ,  p r e s s u r e s  a t  v a r i o u s  times w e r e  n o t e d  o v e r  a  

i3.5 h o u r  p e r i o d .  

f o r  t - 6 h r  t o  t - 8 h r :  

f o r  t - 1 2 h r t o t  - 1 6 h r :  

f o r  t - O t o c  - 9 h r  

- 
S e v e r a l  v a l u e s  o f  E q u a t i o n  ( 8 ) W e r e  p l o t t e d  u s i n g  y - - .01397  

a n d  t h e  c o n c l u s i o n  i s  c h a t  mathematical m o d e l  a n d  d a t a  a g r e e .  

By s u b s t i t u t i o n  of  e q u a t i o n s  ( 4 )  a n d  ( 6 )  ( a n d  n o t i n g  t h a t  

y = k ) ,  y c a n  be e x p r e s s e d  as 

v h e r e  

I 

The g e n e r a l  form of t h e  dec reas ing  Pressure-Time express ion  becomes 

- 
P - P C  

0 
( 1 0 )  - 
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- 
where P - Gage pressure at any time 

P = Ioititrl gage pressure 
0 

c = Time 

and are interrelated a s  per 
equations ( 4 )  and (5). 

We will now use the mathematical model to determine the experimental m 

corrected to constant pressure in the flex element. Initial conditions 

are P1 = 30.3 In. Hg gage, Y1 = 4.7541 cu. ft. and Ti = 70°F or 530°~. 

Using the experimental value of y and equation (9) givcs 

the experimental value of m .  

. 
lbm 24 Hr 2145.6 7 4.7541 F 3  32.174 -- -.01337 

m = slug Day 
f t  lbF 

1716 slug " R  530 O R  

= -.I21 lbm/day at constant P - 14.9 psi 

~ n i s  exceeds specification value of = -.I16 lbm/day. 

Equation (1O)can be used to determine a decreasing pressure-time curve 

which reflects an acceptable m. 

lbm From equation ( 9 ) ,  using - .116 - 
day 
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lbm 1 d a y  - s l u g  fe l b F  
- . I 1 6  - 

d a y  26 Hr 3 2 . 1 7 4  lbm 1716 s l u g  * R  5 3 0  O R  

Y = 
l b ,  

E q u a t i o n  ( 1 0 )  b e c o m e s  

P = 3 0 . 3  e 
- . 0 1 3 3 9  t , t i n  h r .  

This equa t ion  d e f i n e s  a decreas ing  p ressure  v s  t i m e  curve f o r  a  f l e x  s e c t i o n  

system which w i l l  meet t h e  s p e c i f i c a t i o n  va lue  of m = 0.116 lbm/day l e a k  

rate when under a cons tan t  p r e s s u r e  14.9 ps ig .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  term i n  b r a c k e t s  i n  equa t ion  (10) 

1 ( w h i c h  l a  Y )  i s  i n  u n i t s  . T h i o  r e e u l t s  i n  t h e  t e r m  

- y t  e  
- 

b e i n g  d i m e n s i o n l e s s .  T h e r e f o r e ,  t h e  p r e s s u r e  t e r m s  P 

a n d  P c a n  b e  e x p r e s s e d  i n  w h a t e v e r  u n i t e  a r e  c o n v e . i e n t  
0 

( i n .  Hg, p s i ,  e t c . ) .  

T h e  d e v e l o p m e n t  o f  e q u a t i o n  ( 1 0 )  i n d i c a t e s  t h a t  t h e  p h y s i c s  

o f  t h e  p r o b l e m  a r e  u n d e r s t o o d  a n d  a d e q u a t e l y  m o d e l e d  by t h e  

e x p r e s s i o n .  T h e  e q u a t i o n  e n a b l e s  l e a k  test d a t a  taken under 

decreas ing p r e s s u r e  c o n d i t i o n s  t o  b e  c o n v e r t e d  t o  a  c o n s t a n t  

p r e s s u r e  c a s e .  



GOOOVEAR AEROSPACE 
CO.*0.b*IO. 

I C. RIGIDIZATION OF FLEXIBLE STRUCTURES I N  THB SPACE ENVIRONMENT 

Goodyear has t r i e d  many methods of r igidimation on i t e m  l i k e  simple bal loonr ,  
P 

i n f l a t a b l e  antennae and inhabi ted s t r u c t u r e s  f o r  space appl icat ione , Some 

of the succeesful  technique6 f o r  r i g id i z ing  there  membranes can be summarized 

a s  follows: 

'ULTRA VIOLET-SENSITIVE RESINS OR ELASTOMERS 

'THERMAL SENSITIVE RESINS OR ELASTOMERS 

'PLASTICIZER BOIL OFF 

'VAPOR PHASE CATALYSIS 

OYIELD MEMBRANE - METALLIC FOIL, WIRE GRID, FIX-:-FOIL LAMINATE 

'PREDISTRIBUTION OF UNACTIVATEI? FOAM ON DEPLOYABLE SURFACE 

I 

Goodyear a l s o  invest igated foam-in-place techniques f o r  such space bodies a s  

antennas, s o l a r  concentrators ,  radar  decoys and s imi la r  s t ruc tu re s .  Several 

representa t ive  t e s t s  were conducted i n  vacuum chambers t o  pin-point problem 

areas .  No qua l i f i ed  systems were manufactured s ince  prototype equipment 

showed excessive weight f o r  space payloads of t h a t  era. 

Much work was done on r ig id i za t ion  of expandable s t ruc tu re s  i n  the 1960's by 

Government and industry t o  enhance deployment of l a rge r  s a t e l l i t e s  f o r  the  

small miss i les  of the  day. 

GAC conducted a research and developnent program f o r  optimization of chemically 

r ig id ized  expandable s t ruc tu re  techniques f o r  manned space s t r u c t u r e  

appl ica t ions ,  (Reference 4 ) .  A survey of 12 candidate r e s i n  systems was made 

under t he  Mater ials  Survey task,  (see Tables I I I C - I  and I I I C - 1 1 )  r e su l t i ng  
i n  a recormnendation t o  AFAPL f o r  use of t he  reversible-type g e l a t i n  r e s i n  

system with companion 
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mesh core type of r e s in  carrier. Ine t ruc t iow fo r  step-by-step fabrica- 

t ion processing wre given f o r  the revenible-type ge la t in  r e s in  mystem 

and its companion rash  c o n  res in  carrier u applicable t o  the  D-21 

Airlock Experiment type of expandable structure.  Porrulas were developed 

for  the e f f e c t s  of core r i g i d i t y  on beam deflect ion and bending stresses 

of agelat in-r igidi tad mesh core sandvlch coustruction as applied t o  the 

D-21 a i r lock s t ruc tu re  micrometeoroid barrier. This work is applicable t o  

the r ig id iza t ion  s y u t a  proposed f o r  the  OTV hangar herein. 

The primary objective of t h i s  program was t o  ru ia ize  the  s t ruc tu ra l  

efficiency of the  most proris ing candidate r e s in  system8 and t o  obtain a 

s t ruc tu ra l  analysis  method t o  p e d t  r e l l ab le  ana ly t i ca l  evaluation of 

chemically r igidized r e s i n / u r r i e r  s y s t m .  I n  addition, an attempt was 

L d e  t o  achieve the  Important associated object ive of developing prac t ica l  

fabrication techniques f o r  manufacturing expandable, r igidized,  manned space 

structures.  

The basic function of protection from micrometeoroid penetration is 

provided by the use of a f lexib le  polyurethane mesh core material.  This 

material is impregnated with ge la t in  res in  during the s t ruc tu re  f abricat ion 

process. Continued f l e x i b i l i t y  of t h i s  layer  during the  packaged con- 

f igurat ion is retained by min ta in ing  the  t o t a l  composite wall material i n  

a sealed condition. (krce o r b i t a l  conditions have been a t ta ined and the  

s t ruc ture  deployed, the  material  -11 cavity is vented t o  vacuum, a l l w i n g  

the gelat in-resin moisture t o  escape, which resu l t s  i n  r ig id iza t ion  of the 

foam material layer. Approximately o w  nour is required f o r  the s t ruc ture  

to  r ig id ize  i n t o  its f i n a l  expanded configuration, with material compressive 

r ig id i ty  values i n  the range of about 10 psi .  

Twelve systems f o r  chemical r ig id iza t ion  were considered duriag the  r e s in  

survey. The advantages, disadvantages, and complexities of the candidate 

res in  systems were evaluated using step-by-step fabricat ion technique logic.  
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The reversible-type ge la t in  remin ry8tem v i t h  its cap8a ian  w s b  core 

(Scott f o u )  mtructure w8 n l e c t e d  u the  mt pmml8ing resin/carrirr 

composite. It was r t r q l y  rec-nded tha t  t h i s  coqorite be fur ther  

evaluat.d f o r  use u a r i g l d i u t i o n  apt- it expandable vMcd space 

'hro novel r e s i n  symt.lr, BJdron m d  poly (vinyl alcohol) aa a u.h core 

substrate,  were found t o  m e t  p a r a l l e l  the propertie. of the  e e l a t i n  

sy r t c r ,  and with fu r the r  developwnt work, could p-sibly o f f e r  .a 

a l t e rna te  candidate r igidized res in  cyst-. 

Aerospace a p p l i c a t i o ~  of c h c l i u l l y  r ig id izable  corposites will  p r e s r u b l r  

require t i g h t  p a ~ l u g i n g  of ~ t ~ c t ~ r -  b u i l t  i n  d o l e  o r  i n  par t  of the 

composites. It is of f i r s t  i q o r t m c e  that during package stor- no 

adhesion (blocldng) s h a l l  develop betHcn tvo r e s i n  coated surfaces i n  

contact tha t  might later interfere. v i t h  deploywnt. Blocking problems 

have been encountered with man). co-rcial polymers, pa r t i cu la r ly  l inea r  

polymers. It is necessary to  assume tha t  the problem could a r i s e  v i t h  most 

res ins  and tha t  no general solut ion would ex i s t ;  rather ,  a spec i f i c  remedy 

would need t o  be found i n  each case. 

It appears f r m  ear ly  exper iwnts  that sow *-,irol of r a t e  of water 

evaporation from a s t ruc tu re  being r igidized i n  space would be required 

t o  avoid too much evaporative cooling too soon. With fixed ventin& about 

an hour might be required f o r  a controlled r i g i d i t a t i o n  with ce r t a in  geaoetr ical  

fac tors  of volume per vent. Some continuing weight loss  l i g h t  be expected 

over the f i r s t  24 hours. 

The res in lca r r i e r  composite selected and recomended fo r  use i n  the d e s i m  

of chemically r igidized expandable s t ruc tu res  fo r  space is a gelat in-  

hpregnated r e s i l i e n t  mesh core system. This system, which may be 



repeatedly r i g j d i z d  o r  f l ex ib i l i zed  by l o s s  o r  gain of a few percent of 

water m i g h t ,  possesses much greater adaptabi l i ty  i n  fabr ica t ion  techni- 

que logic  than r e s i n  systems that r i g i d i z d  non-reversibily by polymeri- 

zation. Re l i ab i l i ty  through packaging m d  storage appears very good. 

Strength f o r  the  ge la t in  spat- a t  elevated temperatures is a l s o  very 

8 - d .  

Rlgidization due t o  o v e r p r e s s u n / ~ i e l d i ~  tua  proven very e f fec t ive  fo r  

thin-skin s t ruc tures  such as balloons, urtmnre, 8ol.r col lectors ,  a ~ g c e  r i r r o r s  

and similar bodies. This method is mot wluidered  appropriate hen since 

a s t r u c t u r a l  undwlch I6 required to take the lords expected from the  

a s t r o ~ u t s  while performhg maintenance functions. Interface loads be- 

the r ig id iz td  burgar and the space s t ruc tu re  duriag even minor rmeuvers 
* -- - ~- . t  be considered during the design. 

The sandwich s t ruc tu re  u e t  vithr-d c a r b i d  c o q r e s s i v e  and f lexura l  

stresses due t o  the applied u t roamut  w r k l n g  luads. The fabr ic  faces 

cannot car ry  c a p r e s s i w  struses unless they .re s t ab i l i zed  t o  prevent 

buckling. This s t a b i l i t y  is provided by the core of the sandwich. A 

f l ex ib le  foam core does wt -bit enough compressive s t i f f n e s s  t o  

s t a b i l i z e  the  faces. A f o u  core u p  be rigidized by imprepation with the  

proper u t e r l a l a  o r  by inf la t ion .  

Some self-expanding can be expected f o r  a f l ex ib le  core sandwich as defined 

i n  the D21 Airlock, the STEU, and similar applications. The hangar has 

other requirements which necess i ta te  augmeatation.of the  e l a s t i c  recovery 

, concept. In order to  supply a worklag surface f o r  the  astronaut, r ig id l -  

zation of the foam core is necessary as mentioned above. When a housing 

is provided f o r  l iv ing  quarters,  an experiment o r  j u s t  a tunnel t o  t raverse 

from one r ig id  habi ta t  t o  anothertthe f l ex ib le  core system can be made to  

work. 



if" 

GOOOVEAR AEROSPACE 
C O r n I O . A * * O l  

' I -  - GAC 19-1615 

Time-load t e s t s  conducted on small samples of a typica l  micrometeoroid b a r r i e r  

foam layer  were used t o  ascer ta in  the  maximum length of t i m e  tbe proposed 

she l t e r  o r  a i r lock  type material could be packaged v i t h  a high r e l i a b i l i t y  

of e l a s t i c  recovery deployment when unpackaged. Figure I I I C - 1  shows the  

recovery cha rac te r i s t i c s  of the  foam under vacuum conditions and fo r  varying 

temperatures. (Reference 14). From Figure I I I C - 1  i t  can be seen tha t  the  

packaged s t ruc tu re  must be insulated against  extreme cold i f  f u l l  recovery 

is to  be achieved. The material vas packaged t o  20 percent of its relaxed 

thickness fo r  a period of 24 hours under vacuum conditions. It may be 

necessary t o  pressurize the foam sandwich s t ruc tu re  t o  expedite deployment 

before r i g i d i t a t i o n  becomes ef fec t ive .  
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FIGURE IIIC-1 - Foam Thicknear Recovery verrua Time 
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D. IUWABILITY AND OF'F'GASSIIG 

Since fluorocarbons have been t e s t ed  successful ly  i n  the  pas t  f o r  

fl-bility and offgassing, i t  is  believed t h a t  Viton is a good 

choice f o r  an elastomer. The above items i n  conjunction with the  

f a c t  t h a t  t he  e a r l y  f l e x  e lcpent  development units made by kbnnel l  

Douglas had used Viton and had been approved bv NASA l e d  t o  t he  

se l ec t ion  of Viton as the  elastomer f o r  the Goodyear f l e x  element. Dw 
, 

to  processabi l i ty ,  t h e  s p e c i f i c  Viton se l ec t ed  was Viton B-50. The 

formulation used was: 

Viton El-50 - 100 p t s  

Plaglite Y = 15 p t s  J p a r t s  by 

Carbon Black = 15 p t s  ve ight  

Mak 3 = 3 p t s  

Several combinations of elastomer and c lo th  were submitted t o  NASA 

v i a  MDTSCO f o r  evaluat ion.  The r e s u l t s  shoved t h a t  the  Viton B-50 

elastomel and Nomex c lo th  would pass  the flammability and offgassing 

t e s t  a s  ca l l ed  out  i n  NHB8060.1A by being subjected t o  the following 

autoclave cure,  post  cure and vacuum bakeout. 

Cure 300 degree F 

50 p s i  

22 i n  Hg (Vacuum) 

1 hour 

Post Cure 24 hours a t  300 degree F 

Vacuum Bakeout 24 hours a t  250 degree F 

and pressure of 30 mu Hg, 

absolute  

This is a bas ic  mater ia l  proposed f o r  the  i n f l a t a b l e  s h e l l  of a 

hab i t a t  module; there iore ,  i t  is ant icipated tha t  a l l  flammability 

and offgassing requirements of such a program can be met- 

Figure 111-D-I summarizes t h e  types of flammability and offgassing 

t e s t s  t h a t  NASA r equ i r e s  f o r  components and subsystems of space 

s t ruc tu re s  along with the  acceptance c r i t e r i a .  
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E. LIFETIME FOR ?TON-METALLIC MATERIALS 

None of t h e  environmental condi t ions which the  spacelab tunnel f l e x  

element must withstand were very severe.  Most any elastomer could 

survive t h e  opera t iona l  environment imposed on the  f l e x  element. 

There were, however, two s i g n i f i c a n t  requirements t h a t  l ed  t o  the  

s e l e c t i o n  of Viton as the  elastomer: 10-year l i f e  and of fgass ing l  

flanurabili ty requirements. Viton is known f o r  its long l i f e  a t  

e levated temperatures; and s ince  there  was no elevated temperature 

requirement on the  f l e x  element, the  l i f e  would be wel l  i n  excess of 

ten years.  (Elevated temperature is  used f o r  acce le ra ted  aging t e s t i n g  

of rubbers).  Charac te r i s t ic  dry hea t  r e s i s t ance  of vulcanizates  of 

Viton i n  continuous s e rv i ce  is considered t o  be g rea t e r  than three  

y e a r s a t 4 0 0 ° F .  1 

For comparison, conventional elastomers would be b r i t t l e  a f t e r  one day 

a t  400°F. 2 

Other c h a r a c t e r i s t i c s  of Viton which make i t  an exce l len t  s e l ec t i on  

are:  

wea therab i l i ty3  - 6 years '  exposure i n  Flor ida:  exce l len t  - no 
cracks 

Fungus r e s i s t ance3  - 30 days' exposure t o  four  groups of commonly 
occurring fungi (MIL-E-52720: no a t t a c k  

In  addi t ion ,  a t e s t  was run t o  v e r i f y  t ha t  t he  40 degree F temperature 

requirement was w e l l  above the  low temperature capab i l i t y  of the Viton 

formulation used. This t e s t ,  the Scot t  B r i t t l e  Point,  es tab l i shed  a 

temperature of approximately -25 degrees F a s  the low temperature 

capab i l i t y  of t he  formulation. 

'"~nswers t o  quest ions frequent ly  asked about 'Viton'." 
VT-000.2 ( R I )  by DuPont. 

2 ~ u ~ o n t  Vi ton@Fluoroe les tmer ,  Bul le t in  E-10764. 

" ~ y p e  of Viton@Fluoroelasroner", VGl-111 by W ~ n t  (A-7364;]. 
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GAC quotes t h e i r  e las tomeric  products a s  good f o r  ten years  under 

reasonable, uncontrolled s torage  conditions.  This includes such 

items a s  diaphragms, s e a l s ,  pil low type tanks,  dunnage bags, f u e l  

c e l l s ,  f l o t a t i o n  bage, upright ing bags,impact a t t enua to r s  and 

s i m i l a r  s t ruc tu re s .  Af te r  s torage,  these products can give f i v e  

years  of se rv ice ,  general ly .  Diaphragms and s e a l s  usua l ly  give 1 8  

. t o  20 years  of se rv ice . '  

Unt i l  f u r the r  tests a r e  conducted, i t  is bel ieved tha t  the Viton B-50 

elastomer has t he  b e s t  chance t o  meet the des i red  20 year l i f e t ime .  
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F. CRACK PROPAGATION PREVENTION (i 

The purpose of  t h e  l e a k  b e f o r e  b u r s t  test was t o  demonstrate t h a t  

t h e  des ign  of  t h e  f l e x  element is s t a b l e  under l i m i t  cond i t ions  w i t h  

r e a d i l y  d e t e c t a b l e  damage. This  test was perforuted a f t e r  f l i g h t  

c y c l e  200. (Reference 15) 

The l e a k  b e f o r e  b u r s t  test involved inducing a  0.5 inch  c u t  completely 

through the  f l e x  element whi le  a t  an  i n t e r n a l  p r e s s u r e  of 15.9 p s i g .  

The c u t  was o r i e n t e d  pe rpend icu la r  t o  t h e  yarns  of t h e  p l y  t h a t  was 

loaded.  

The b lade  used was double edged, 0.5 inch  wide, and came t o  a p o i n t .  

T t  w a s  mounted on a  pneumatic a c t u a t o r  such t h a t  once t h e  b lade  

pene t ra ted  the  u n i t ,  i t  could be withdrawn and t h e  p r e s s u r e  main- 

t a i n e d  f o r  4  minutes.  the leak-before-burst t e s t  was f i lmed f o r  

documentation. Visual  examination of t h e  c u t  a f t e r  t h e  test revealed 

t h a t  t h e  c u t  d i d  n o t  grow beyond t h e  i n i t i a l  c u t  l eng th .  

The des ign was s t a b l e  under l i m i t  p r e s s u r e  and deplacement c o n d i t i o n s  

when a r e a d i l y  d e t e c t a b l e  damage c o n s i s t i n g  of a  1 / 2  inch  s l i t  

through both  p l i e s  was i n t e n t i o n a l l y  i n f l i c t e d  on the  u n i t .  This  

r ep resen ted  a s u c c e s s f u l  completion of t h e  leak-before-burst  t e s t .  

GAC a l s o  i n v e s t i g a t e d  t h e  e f f e c t  of a  ho le  l a r g e  enough t o  permit  

t h e  escape of f o u r  pounds of a i r  p e r  hour under a p r e s s u r e  of 15.9 

p s i .  The a r e a  of t h e  ho le  was t h a t  of a  c i r c l e  having a  d iameter  of 

0.075 inches  (0.00442 sq .  i n . ) .  I t  was found t h a t  t h e  112 inch s l i t  

was considered more c r i t i c a l  than the  ho le  s i z e  cf 0.00442 s q .  inches  

and t h e r e f o r e  became t h e  design c r i t e r i a .  
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A recondary te r t  added a r  part of the r a f t  life t t r t ing involved t h ~  im-  

porition of r 0.5 inch cut througb a riagle ply of the flex element, Thir  

cut war induced a t  the end of cycle 196 and war pP rpendicular t o  the 

yarn direction of the outer ply. Due to  the uncertainty involved 4 t h  

making a knife cut and being r u e  of cutting completely through one of 

the plicr without imporing any damage to  the recond ply, i t  war decided 

to  remove an a rea  of the outer ply for 0.5 inch keeping the width of the 

removed a rea  a r  rhor t  a r  porrible. Thir war accomplirhed by remov- 

ing ringle . yarnr  a t  a time. The damage war located a r  rho- in  

Figure IIIF-1 and labeled "D." A d l  leak resulted from imposing th i s  
damage. Cycler 197 through 200 were conducted with no change in 

a p p e u  ance or leakage. 

Three more intentional damage area8 were added $_the flex element. 

after  cycle Z O O  giving r total of five. (See Figure  IIIF-1)  . Damage 'IF" 

war located at the poizt where a double fold occurred repeatedly during 

the negative prer rure  phare of the rafe life teat. Damager "GI' and "HI1 

were located on maximum internal bending a rea r  (under negative p r e r -  

rurc).  Damager "Fn and "Hm reprerented cuts parallel to the yarn direc-  

tion. There were accomplirbed by remwing a ringle yarn 0.5 inches 

in length. Damage nG'' reprerented a cut perpendicular to the yarn 

direction. 

After there damage a rea r  were impored, the flex element war p re r -  

rurized to  15.9 prig and the dunage a rear  checked for leakr .  r h e r e  

war no leakrgt  at  m y  of the three new arear .  Danug t  "Dm war #till  

leaking a t  the rome rate a r  ahen i t  war initially induced. The flex 

element then underwent 4 more fight cycler (201-204) d : h  leak check8 

conducted after each cycle, None of the damage aream grew a r  a r e -  

rult  of the 4 flight cycler and there war a6 change in leakage. Thir  

reprerented a rucccrrful camplttion of the damage rurceptibility ter t .  
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FIGURE I I I F - 1  -- LOCATION OF INTENTIONAL DAMAGE AREAS 
ON THE STT F'LEXIBLE ELEMENT 
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The method of ana lys i s  t o  determinr? the  c r i t i c a l  s l i t  l e n g t : ~  was t h a t  

developed by Hedgepath f o r  a f l a t  shee t  i n  NASA TN D-882 "Stress  

Concentration i n  Filamentary Structures"  :.d modified by Topping t o  

take account of curvature  i n  GER 15879, "The C r i t i c a l  S l i t  Length of 

Pressurized Coated Fabric  Cylinders." More information can be obtained 

from Reference 5. 
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Analyses have been performed by previous cont rac tors  of veh i c l e  

leakdokn r a t e s  t o  determine how much time an as t ronaut  would have 

to  f i nd  a puncture leak  and r e p a i r  it. (Xef erence 16) Figure I I I G - 1  

shows the  r e s u l t s  of t h i s  ana lys i s .  For an extremely mall hole  of 

0.003-in. diameter, which would be very i f f  i c u l t  t o  f i nd ,  i t  would take 

approximately 90 days f o r  the  pressure t o  leak down from 11 p s i  t o  

8 ps i .  For R considerably l a rge r  hole of 0.10-in. diameter, t h a t  

cac prob-bly be found by sound, approximately two hours a r e  

required f o r  the  same pressure decay. The stbdy has shown tha t  

an astronaut  should have adequate time t o  f ind and plug a leak 

before the cabin pressure leaks down to a dangerous l eve l .  

10 100 1 . m  A:>.&: 10C ,209 

Figure IIIG-1 -- TIME IF MINUTES TO LEAK DOWN TO TRBSSLJXE 
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GAC performed analyses  on t h e  puncture problems wi th  the  Lunar 

Stay Time Extension Hodule (STEM). (Reference 14).  The da ta  is 

introduced here  a s  information and ind i ca t e s  the  type of a n a l y s i s  

which w i l l  be made; a s  updated, on any h a b i t a t  s t r u c t u r e  during a 

dev.lopment program. 

Decompression of the  S T M  ma) occur by per fora t ion  of the s h e l t e r  

wal l  with micrometeoroids, by acc iden ta l  puncture from wi th in  o r  

by f a i l u r e  of t he  O-rings i n  the  a i r j o c k  doors t o  seal properly 

when the a s t ronau t s  e n t e r  o r  l eave  t h e  s h e l t e r .  I n s ide  the  s h e l t e r ,  

the  a s t ronau t s  may be i n  " s h i r t  sleeves" o r  i n  t h e i r  space s u i t s  

with helmets removed, s o  t he  time f o r  the  s h e l t e r  pressure t o  drop 

rrom 5 p s i  t o  3-112 ps i ,  s t i l l  an acceptable  oxygen pressure fo r  

- .  2taining l i f e ,  was ca lcu la ted  a s  a funct ion of hole  s i z e  i n  t he  

s ~ t ~ l t e r  wall .  A b r ie f  study of hor the  a s t ronau t s  wauld p ro t ec t  

thercselves d!ring decompression was a l s o  made, 

Based on Enviro-mental Hazards Analysis (Paragraph D) ,  (Reference 14) 

i n  t h i s  sec t ion ,  t he  si.ze of the  hole  i n  the  s e a l i v e  bladder of the 

s h e l t e r  and ;he probabi l i ty  of puncture by primar) '.crometeoroids 

was calculated. with the  following p r inc ipa l  parameters: 

e 3 (1) Representative Micrometeoroid Mass Density z 0 . 5  gm/ c m  . 
(2) C r i t i c a l  Micrometeoroid Mass = 2 .33  X gm. This mass 

C 

pene t ra tes  the  foam b a r r i e r  i n  t h e  s h e l t e r  w a l l  but no t  t he  

sea1-ing bladder. 

2 
( 3 )  Approximately 2/3 of t he  she l te r -a i r lock  sur face  of 450 f t  , 

2 o r  3Cl9 f t , is estimated to  be subjec t  t o  primary micrometeoroid 

impact. STEX mission exposure parameter f o r  primary micro- 

meteoroid defiqed a s  the  product of t h e  exposed sur face  of the 

s h e l t e r  and the  s t a y  time is 

2 300 X 8 = 2400 f t  days 



GOOOYEAR AEROSPACE 
CO*CO..l*O. 

GAC 19-1615 

(4) The p robab i l i t y  that t h e  s h e l t e r  w a l l  w i l l  no t  be punctured is a 

funct ion of t h e  mass of t he  primary a d c r o e t e o r o i d s  which are 

assumed t o  have a "Poisson" d i s t r i bu t ion .  The mission exposure 

parameter y ie lds  a zero puncture p robab i l i t y  of 0.9996. 

(5) From the  mass dens i ty  and the c r i t i c a l  mass of t h e  primary micro- 

meteoroid, w e  f ind  t he  volume of the  c r i t i c a l  micromet~oroid t o  

be 

2.331.5 X 10'~ = 4.66 X 10'~ c m  3 

With the  assumption t h a t  t he  micrometeoroids a r e  spheres  and t h a t  

the puncture i n  t h e  s h e l t e r  wal l  i s  twice t h e  diameter of t he  micro- 

meteoroids, w e  obtain: 

C r i t i c a l  Micrometeoroid diameter = 0.208 cm., and 

i 
! Hole diameter = 0.416 cm = 0.16" 

When considering flow-tt -ough a puncture i n  the  s h e l t e r  wall ,  decompression 

t i m e  depends on t h e  na ture  of t he  flow through t h e  puncture. Five types of 

f l 3 w  were considered. 

a. Adiabatic Choked Flow. The ad i aba t i c  choked flow e x i s t s  i n  a nozzle a t  

o r  above t h e  c r i t i c a l  pressure r a t i o .  Flow is a t  sonic  ve loc i ty .  It 

occurs  only where t he  hole  diameter is g r e a t e r  than the  wal l  thickness .  

In the  STEM s h e l t e r  with a two-inch th ick  wal l ,  we do not  expect t o  

have punctures l a rge r  than two inches i n  diameter.  This type of flow ij 

therefore  not  considered. 

b. Isothermal Fr ic t io r i less  Flow. The isothermal f r i c t i o n a l  flow may occur 

i n  openings where the  diameter is much less than the  length  of t h e  

opening. This is  not  considered here s ince  t he re  is always f r i c t i o n .  

Isothermal f r i c t i o n l e s s  flow i s  mainly a c r i t e r i o n  def in ing  the  upper 

limit of i s o t h e r m 1  flow discussed next .  

c .  fsothermal Flow with Frict3on. The isothermal flow, with f r i c t i o n ,  
1 

occurs where the length of t h e  flow channel is  much g rea t e r  than i ts diameter. I 
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This flow occurs  i n  r e l a t i v e l y  slw pressure t r a n s i e n t s  (slow leaks)  

where the temperature of t he  escaping gas  remains cons tan t  by heat  

exchar;e with i ts surroundings. 

d. Adi .ba t ic  - Flow with F r i c t i on .  The ad i aba t i c  flow, with f r i c t i o n ,  occurs 

where t h e  length of the flow channel is much g rea t e r  than its diameter. 

A d i ~ b a t i c  flow occs r s  i n  r e l a t i v e l y  f a s t  pressure t r a n s i e n t  such as i n  

explosive decompression, where t he  temperature v a r i e s  a d i a b a t i c a l l y  

with the pressure.  

e.  Isothermal Free-Molecular Flow. The isothermal f r e e  molecalar flow occurs  

where the  i n i t i a l  hole  diameter is very small. This flow does not  apply 

t o  punctures considered here.  

Decompression times, a s  a funct ion of hole  diameter i n  the s h e l t e r  wal l ,  were 

ca lcu la ted  a s  ou t l ined  i n  Reference 17. It was assumed thac t h e  automatic 

atmospheric cont ro l  system was not  making up any l o s s  i n  oxygen gas during 

decompression. Theoxygen makeup system w i l l  be monitored, acz iva t ing  an 

alarm s igna l  when excessive oxygen is fed i n t c  t he  s h e l t e r .  This  alarm w i l l  

give the a s t ronau t s  the choice of maintaining oxygen pressure wi th in  t he  

s h e l t e r ,  i f  a t  a l l  possible ,  o r  shu t t i ng  o f f  the oxygen feed l i n e s  t o  preserve 

t he  oxygen supply before  loca t ing  the  leak  and f i x i n g  it.  This ana lys i s  is 

based on the  a s t r o r a u t s  stopping the  oxygen flow immediately a f t e r  t he  alarm. 

The f ac to r  4 , shown l a t e r  under "Nomenclatbre and Formulas," is therefore  

zero which gives  t he  f a s t e s t  decompression poss ib le .  

A t  the beginning of decompression, t h e  s h e l t e r  has a 5 p s i  oxygen pressure.  

A 3-112 p s i  oxygen pressure is assumed t o  be t h e  lowest s a f e  l i m i ~  f o r  the 

as '  -c lauts t o  funct ion normally. The elapsed time f o r  the  1-112 p s i  pressure 

has been ca lcu la ted  a s  follows: 

Nomenclature and Formulas 

V = Volume of s h e l t e r  = 400 f t  
3 
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Molar heat capacity at constant p r e s s u r e  
' 2 = Molar heat capacity a t  constant volu; -1 @ 

V 

= 1 .4  isothermal flow 

= 1.2. 1 .4  and 1. 8 adiabatic flow 

T = 530' R tempercture of shel ter  a tmosphere  OR 
0 

rr, = 30 malecclhr  weight of shel ter  a tmosphere  lb,irnoie 

where  FF molt  1 ate flow of oxygen added to the she l -  

t e r .  f mole r r t e  flow c h a ~ g e  dze  t o  rne:aboiic Troce r  5 

and operation of the carbon dioxide removal  sys tem.  

FL = mole ra t e  flow of shel ter  a tmosphere  due t o  

lezkagc. For  fas tes t  decompression FL >>f + 
and ^ 0. 

CD = 0 . 9  cocfflcient of d i scb i rge  ranging f r o m  0.60 for  s h a r p  
0 

edge o r i i ~ c e s  to  0 . 9 4  for  a converging nozzle \v ti: a I 5  

b.kergence in thc riozrle throat .  C g  = 0 . 9  gives con- 

servat ive discharge values. 

-4 = -4rea of puncture in ft 2 

['D s4]E - 1 P = 223 -7- - f l  (y) r e c  

P = Shelter atmosphere p r e s s u r e  5 psi before puncture occurs  
0 

a 

P = 3- 1/2 psi  Minimum oxygen p r e s s u r e  at which astror.a:ts c r e  

s t i l l  physically able to function normally 
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t = Time in minutes in which the shelter  p ressure  drops f rom 5 PSI 

to  3-1/2 psi. 

P - = e'"for isothermal decornprtssion (6 = 0) P 
3 

Zy 
= [l + vQd1 for  adiabatic decompression . P 

0 

The time for the pressirrc tc drop  f rom 5 psi to 3-1/2 psi has  been show3 
-1 1 

a s  a ~ i n c t i o n  of hole diameter in f igure  III(;-2. For a micrometeoroid ounc- 
t a r e  cf 9. QQ9t probability, I S  to 30 minutes would elapse before the a t -  

nos?F.eric pressure  becomes c:it ical .  Thls should give the hdt;.onzcts 

suff1cier.t t ime to take remedial  action. 

Figure IIIG-2 a l so  shows t h a t  very l i t t l e  time elapses before the atmospheric 

pressr;re becomes cri t ical  if there a r e  larger  holes. For  a 1;'~" d1crr.e- 

t e r  hole, the elapsed tinre 1s only f rom 1-1/2 to 3 minates. The irn?or- 

tance oi  pro?er sealing of the airlock doors must be s t ressed  



1, ? 3/4 I 1 - l i 4  i - l / 2  1 - 5  - 4  
H o l t  dirm. - inch 

FIGURE IIIG-2 -- DECOMPRESSION TIME AS A FUNCTION OF HOLE DLAMETEP 
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H. EFFECTS OF ATOMIC OXYGEN 

Several r epo r t s  of t h i s  s p e c i a l  d i s c i p l i n e  have been received and i t  was 

found t h a t  reference 1 8  suunnarizes t he  r e s u l t s  t o  da t e  and cites e a r l i e r  

references of value. Test d a t a  obtained with t he  s h u t t l e  o r b i t e r  indicated 

a sur face  recession of 380 t o  500 microns f o r  organic  f i lms.  Goodyear has 

no da ta  on the  e f f e c t s  of atomic oxygen on polymeric coated c lo th .  It is 

suggested t ha t  such space approved materials as Viton B-50/Nomex and 

Acousta 200 f a b r i c  be t e s t ed  i n  fu tu re  s h u t t l e  f l i g h t s  t o  ob t a in  bas i c  

da ta .  

It is important t o  point  ou t  t h a t  non-metallic space s t r u c t u r e s  w i l l  

undoubtedly be protected with micrometeoroid b a r r i e r s  and multi-layer 

i n su l a t i on  f o r  most manned space appl ica t ions ;  therefore ,  no c r i t i c a l  

problems with atomic oxygen are an t i c ipa t ed .  This philosophy was considered 

acceptable  when discussed with prominent s c i e n t i s t s  i n  t h i s  f i e l d .  
, 
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I. EFFECTS OF SPACE DEBRIS 

Recent s t u d i e s  have ind ica ted  t h a t  man-made deb r i s  i n  e a r t h  o r b i t  could be 

a  s a f e t y  problem f o r  space quest ions i n  t he  near  fu ture .  References 19 

and 20 show the  observed deb r i s  f l u x  a s  a func t ion  of o r b i t a l  a l t i t u d e .  

Reference 19  a l s o  p r e d i c t s  t h e  cumulative f l u x  i n  1995 between 600 and 

1100 km a l t i t u d e .  The maximum p o t e n t i a l  c o l l i s i o n  r i s k  occurs  near 850 km. 

(460 nau t i ca l  mi les ) ,  t he  a 1  t i t u d e  favored f o r  sun-synchronous operat ions 

(Reference 20) . 

Reference 19  ind i ca t e s  t h a t  t he  space s h u t t l e  with an average c ross  s ec t i on  

of 250 M 2  and an opera t iona l  a l t i t u d e  of almost 300 km has a  cu r r en t  

c o l l i s i o n  probabi l i ty  of about 1 x 10-*lyr. This is l a s s  than the  proba- 

b i l i t y  of an acc iden ta l  death on e a r t h  (5 x 10-'/~r, of  which ha l f  i s  from 

t r a f f i c  acc idents ) .  This r i s k  is considered acceptable  f o r  t he  present  

s h u t t l e  operat ion.  However, t h i s  a c c e p t a b i l i t y  w i l l  decrease wi th  time, 

l a r g e r  s t r u c t u r e s  and higher a l t i t u d e s .  

Some pro tec t ion  can be provided aga ins t  smaller  deb r i s  by the  use of 

sh ie ld ing .  Prevention of deb r i s  formation i s  the most e f f e c t i v e  approach 

t o  t h i s  problem. 

GAC does not consider deb r i s  t o  be a  near-term problem t o  the  proposed 

unpressurized hangar concept, nor t h e  smaller  pressurized manned h a b i t a t  

based on these e a r l y  considerat ions.  
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SECTION I V  -- POTENTIAL SHUTTLE FLIGHT EXPERIMENTS 

A.  EXPANDABLE AIRLOCK 

GAC q u a l i f i e d  an  expandable a i r l o c k  experiment f o r  use on t h e  Skylab Vehicle 

under c o n t r a c t s  w i t h  both  NASL and t h e  US A i r  Force. Appendix A is  a copy 

of a paper which summarizes t h e  background c o n d i t i o n s  t h a t  l e d  t o  t h e  D-21 

t x ~ a n d a b l e  ai l- lock experiment d e f i n i t i o n ,  t h e  o b j e c t i v e s  o f  t h e  experiment, 

and a teci;r.ical d i s c u s s i o n  of t h e  proposed experiment. This  paper was taken 

from Reference 1 3  and shows t h e  s t a t e  of t h e  a r t  of i n f l a t a b l e  space 

s t r u c t u r e s  c i r c a  1970. This  informat ion,  a long  w i t h  s i m i l a r  d a t a ,  i s  

presented h e r e i n  t o  o f f e r  t h e  r e a d e r  a v i a b l e  background i n  one document 

f o r  in terchange and comparison of i d e a s  and concepts .  

The most s i g n i f i c a n t  environmental change is  t h e  p r e s e n t  use of 14.7 p s i g  

a i r  mixture  v s  5 p i g  o x  ,en p ressure  w i t h i n  t h e  space v e h i c l e s .  Therefore 

a new s t r u c t u r a l  l a y e r  w i l l  be  requ i red  f o r  t h e  a i r l o c k  expandable m a t e r i a l .  

Through t h e  use  of t h e  s h u t t l e ,  a f l i g h t  demonstration of t h e  e l a s t i c  

recovery s t r u c t u r e  concept can f u r t h e r  t h e  development of expandable 

s t r u c t u r e s  formanned space i l i g h t .  

Reference 21  shows i n  d e t a i l  how t h e  D-21 a i r l o c k  experiment was t o  v a l i d a t e  

the  use  of expandable s t r u c t u r e s  technology f o r  a i r l o c k  designs .  Expandable 

a i r l o c k s  were considered t o  conserve weight and s t o r a g e  volume dur ing launch 

and t o  permit  a maximum use  of i n t e r n a l  volume of o r b i t i n g  l a b o r a t o r i e s  by 

minimizing gas  l o s s e s  dur ing  repeated decompression and compression cycle; 

f o r  e g r e s s  and i n g r e s s  maneuvers. A few summary c h a r t s  f r ~ ?  Reference 21 

have been added t o  Appendix A t o  offo,r s b e t t e r  i n s i g h t  i n t o  the  expatldable. 

a i r l o c k  concept.  
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The EPT foam used in the bladder construction governs the lower limits of 

materials flexibility for the overall materials composite. The material 

retains sufficient flexibility for dynamic deployment at temperatures as 

low as -100 F. Embrittlement occurs at about -110 F. 
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SECTION V -- POTENTIAL TETHERED EXPERIMENTS FROM SHUTTLE 

Af te r  reviewing r e f e r e n c e s  22 and 23, i t  became apparent  t h a t  l a r g e  non- 

m e t a l l i c  space s t r u c t u r e s  provided a good t e t h e r e d  experiment from t h e  

s h u t t l e  by us ing t h e  t e t h e r e d  satel l i te  system p r e s e n t l y  being developed 

by NASA. The u l t i m a t e  goa l  would be t o  t e t h e r  a 100 meter diameter 

bal loon from t h e  s h u t t l e .  A s  dep ic ted  on F igure  V-I ,  a  30 f t .  diameter 
bal loon is recommended a t  t h i s  time t o  review and s o l v e  t h e  most important 

t e c h n i c a l  problems and permit  an  e a r l y  experiment. 

I n f l a t a b l e  s t r u c t u r e s  a r e  i d e a l  f o r  t e t h e r  miss ions  which u t i l i z e  the  ou te r  

atmosphere (90 t o  200 km) as e i t h e r  a t e s t  bed f o r  the  thermal s t a b i l i t v  

of s t r u c t u r e s  and m a t e r i a l s  o r  a s  a hypersonic  "wind tuanel" f a c i l i t y  t o  

t e s t  aerodynamic models. (See Figure  V - 1  i n s e r t ) .  Large s t r u c t u r e s  can 

be deployed from smal l  packing volumes t o  determine drag and exp lore  s o l a r  

s a i l i n g ,  power production,  o p t i c a l  experiments,  e t c .  

Based on p a s t  exper ience,  the  conduct ive  ba l loon  m a t e r i a l s  which can be 

considered f o r  t h e  30 f t .  ba l loon  a r e  summarized i n  Table V- I .  The 

m a t e r i a l  c h a r a c t e r i s t i c s  a r e  i n d i c a t e d  a long  wit11 t h e  b a l l o o n ' s  weights  

an6 volumes. The package volume i s  assumed as 3.75 t i m e s  t h e  ba l loon  

materialvolume. An a d d i t i o n a l  5 percen t  i s  included i n  t h e  ba l ioon  

sur f  a r  f o r  seams which makes t h e  ba l loon  s u r f  ace a r e a s  around 3000 f t 2  . 
I n c i d e n t a l l y , t h e ~ e i g h t  and volume of t h e  100 meter diameter ba l loon  is  

120 t imes t h e  weight and volumeof t h e  30 f t .  diameter ba l loon .  

Table V - I 1  i n d i c a t e s  t y p i c a l  dep loyment / in f la t ion  systems used w i t h  ba l loon  

s a t e l l i t e s .  The p ressur ized  gases  and subl imat ion techniques have been 

used e f f e c t i v e l y  f o r  over  twenty years .  For extremely l a r g e  s t r u c t u r e s ,  

t h e  p r e s s ~ r ~ z a t i o n  system becomes heavy and cumbersome. It may be 

necessary  t o  cons ider  a ba l loon  m a t e r i a l  which has  a predetermined memory 

t o  deploy and r i g i d i z e .  
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SECTION V I  -- CONCLUSIONS AND RECWENDATIONS 

Flexible, non-metal1 i c  structures can perform successfully i n  appl icat ions 

where f l e x i  b i  1 i t y  and expandabi 1 i t y  are requirements. Thi s performance 

has been demonstrated i n  space applications by the Spacelab/Shuttle 

t ransfer  tunnel experiment and the parachute recovery system used t o  land 

the Viking spacecraft on the planet Mars. 

This report, a:ong wi th  the references noted, describes the state-of-the- 

a r t  . ~ f  non-metal1 i c  materials and fabricat ion techniques. The develop- 

ment of a space platform during the next ten years w i l l  encourage appl i -  

cations o f  large structures t o  enhance comnunication and energy transfer. 

Non-metal1 i c, deployable structures can have wide appl icat ion i n  structures 

of the future. 

The discovery o f  improved f l e x i b l e  materials and fabricat ion techniques 

presents new opportunities f o r  design applications o f  space structures. 

Development work may be required t o  optimize the use o f  these new materials 

and fabricat ion techniques f o r  space applications. The use of higher 

pressures f o r  manned vehicles w i  11 d ic ta te  smaller deployable structures 

than were considered 20 years ago i n  order t o  maintain adequate safety 

factors i n  the f l ex i b l e  materials and jo in ts .  

One concept described i n  t h i s  report, the deployablelr i  g i  d i  zed hangar, has 

enough meri t  f o r  ear ly  aonsi dera ti on during space s ta t ion development. The 

proposed method of ri g i  d i  zat ion and i t s  implementation should be investigated. 

I n  addition, the foamlgelatin, double-surface wall  should be tested f o r  

effectiveness against m i  crometeoroids. A scale model o f  the hangar concept 

should be b u i l t  f o r  packing and deployment tes t ing t o  minimize future problems 

wi th prototype structures. 
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The Tethered Satel 1 i t e  System (T.S .S. ) presently under development would be 

an excel l e n t  experiment t o  t e s t  i nflatableldeployabl e l r i  g i  d i  zed structure 

concepts. Large structures can be deployed from small packing volumes 

thus o f fer ing an optimun way t o  determine drag and explore solar  sai l ing,  

power production, opt ica l  experiments, etc. 

Packaged structures car r ied i n  the Shutt le cargo bay could be deployed near 

the Shutt le i n  space t o  investigate non-metallic structures for such 

appl icat ions as large antennas, solar  col lectors, opt ica l  surfaces, long 

booms, etc. 

Representative qon-metal1 i c materials considered for space appl icat ions 

should be assigned a spot on the NASA Long-Duration Exposure F a c i l i t y  (LDEF) 

t o  determine performance characterist ics. This data could be used t o  

establ ish potent ia l  material l i f e t imes  t o  corroborate accelerated l i f e t ime 

tests on Earth. 

It i s  important t o  point  out tha t  non-metallic space structures w i l l  

undoubtedly be protected w i th  micrometeoroid bar r iers  and mult i- layer 

insulat ion fo r  most manned space applications; therefore, no c r i t i c a l  

problems w i  th atomic oxygen are anticipated. This philosophy was considered 

acceptable when discussed w i th  prominent sc ient is ts  i n  t h i s  f ie ld.  

I n  order f o r  non-metallic structures t o  become widely accepted i n  space 

dppl i ca tions, i t  i s  necessary for  coyni zant government and industry leaders 

t o  know what has been considered i n  the past and how t h i s  re lates t o  unique 

applications o f  the future. 
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PHYSlCAL CHARACTERISTICS 
WEIGHT . . . . . . . . . . . . . . . .  

. PACKAGED VOLUME (LAtWCH) . . . . .  '"*" . IT. S # 
EXPANDED VOLUME (ORBIT) . .  .78 d 
SIZE . . . . . . . . . . . . . . . . . .  00 INCH X 
HATCB . . . . . . . . . . . . . . . .  31 INCH DIA 
DESIGN PRESSURX . 3  1b PSI[G . . . . . . . . . . .  

COMRBIENT SUMMARY 
PACKAGING ASSEMBLY 

FtESTRAINT SYSTEM 
RELEASE SYSTEM 

AIRLOCK STRUCTURIG ASSEMBLY 
EXPANDABLE STRUCTURE 
TERMINAL RINGS 

HATCH ASSEMBLY 
HATCH STRUCTURE 
HINGE b LATCH HARDWARE 
EMERGENCY EGRESS 

PRESSURE BULKHEAD ASSEMBLY 
BULKHEAD STRUCTURE 

- AIRLOCK CONTROL PANEL 
VENT SYSTEM 

PRESSURIZATION SYSTEM 
INITIAL DEPLOYMENT 
PROOF PRESSURE 
INGRESS- EGRESS 
15-DAY TEST 

TELEMETRY DATA SYSTEM 
AIRLOCK WALL SURFACE TEMPERATURES 
AIRLOCK PRESSURE 

MOUNTING STRUCTURE ASSEMBLY 
REMOTE CONTROL PANEL' 

INSIDE NASA AIRLOCK MODULE (A/M) 
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. . .  . . . . . . . . .  . . . .  81.27 
y e i u T E & .  . . . . . . . . .  is: si ...... T E m A L  RING (2) . . . . . .  S.17 . . . .  CLOSING WNGS 0) 0- m & c ~  3.11 

HATCH ASSEMBLY . . . . . . . . . . .  19.78 
P R E ~ R E B U L K E E A ~  . . . . . . . . . . .  6.68 
SEALS@) . . . . . . . . . . . . . . . . .  3.00 

PACKAGING . . . . . . . . . .  . . .  . . . . . . . . . .  13.48 . . . .  PACKAGING RESTIWNT AND * R E L E ~  5.71 
MO-GmRUCTURE ...*....... 7.77 

PIIESStTRlZATION . . . . . . .  . . . . . . . . . . . . . .  64.68 
150 IN3 STORAGE BOTTLES (4 . . . . . . .  30b54 
INFLATION GAS N2 . . . . . . . . . . . .  7.06 
BOTTLE SUPPORTS . . . . . . . .  . . 4.20 
PYROTECHNIC GAS RELEASE VALVZS' ($1 . . 1.15 
.DRAIN FXTTINGS (6) . . . . . . . . . . .  2.28 
CHARGINGVALVES 6) . . . . . . . . . . .  .60 
PRESSURE RELIEF VALVE . . . . . . . . .  .40 
VENT VALVE MANUAL (2) . . . . . . . . .  3.00 
VENT VALVE ELECTRDC . . . . . . . . .  5.50 
VENT VALVE - EMERGENCY EGREST . . . .  1.50 
AaANmQLD, TUBING & F'ITTINGS . . . . . .  8.45 

. . . . .  II~STICUMENTATION AXD CONTROLS . . . . . . . .  25.16 
TELEMETRY SENSORS (GTEMP. 2- PRESS^ . . -65 
HARD LINE SENSORS (5) . . . . . . . . . . .  1.25 
B ATTERlES (2) . . . . . . . . . . . .  2.00 
CONTROL  PANE^ 'oj . . . . . . . .  4.40 
PRINTEDCIRCUIT ~0AkdSIli) . . . . . . .  3.34 
CIRCUIT BOARD HOLDERS . ........ 2.93 
POWER SUPPLY WIFUNG (uv)' . 1. 64 
PYROTECHNIC PIN PULLERS U j d M k k :  : . 3.06 
WIRING AND RECEPTACLES . . . . . . . . .  5.89 
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Table >I9 - Structural Characteri8td.ca 

S Z ' m  APPROACH FILAMENT WIND 
, . . . . . . . . . . . . . .  

mnmxmu MATERIAL. . . . .  &nm DU S T ~ S S  STEEL CABLE 
-109 LB/1000 FT UNrrWEIGm . . . . . . . . . . . . . . . . . . . .  

ULTQMTE . . . . . . . e ~ . . . . . . . . . . . . . * 3 0 0 , 0 0 0 P S I  h 

6 "E" MODULUS . e . e m . . . m m a . . . e . . . e . . .  SO x 10 PSI 1 

WIND][NG ANGLE So0 I . . . . . . . . . . . . . . . . . . . . . . . . .  
17 WINDING AREA . . . . . . . . . . . . . . . . . . . . . . .  I 

TOTALWEIGHT . . . . . . . . . . . . . . . . . . . . . . .  4.f!LB 

i 

FOLDING EFFECTS I 

SINGLE CABLE WITH SHARP 180° CREASE FOLD 
15% DECREASE IN ULTIMATE 

PRESSURE BLADDER BACKING a P  180° PACKAGING FOLD 
1000 CYCLES - NO DEGRADATION 
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Tabla >V Bnrlromrutal Compatibility - mand.ble b t @ r i a  

0 

TOXICITY: NON-DETECTABLE ' 

FLAME RESISTANCE: . 3  MIL ALUM FOIL FLAME BARRIER 

THERMAL CHARACTERISTICS 

MAX TEMPERATURE 

OUTER SURFACE MATE- . . . . . . .  1 . . .  +300°~  
. . . . . . . . . . .  INNER SURFACE MATERIALS +2 50°F 

MIN TE3IPERATUR.E 

. . . . . . . . . . .  DEPLOYMENT FLEXIBILITY. - 1 0 0 ~ ~  . . . . . . . . . . . . . . . .  EXPANDED STATIC - 1 50°F' 

VACUUM EFFECTS 

1/2 % WEIGHT LQSS AT TORR 

SPACE RADIATION 
. . . . . . . . . . . . . . . .  MATERIAL TOLERANCE lo7 RAD . . . . . . . . . . . . . .  EXPECTED DOSE (I-YEAR) lo5 RAD 

MICROMETEOROIDS 

Po = .9999 . . . . . . . . . . . . . . . . . . . . .  FOR 30 DAYS 



EXPANDABLE AIRLOCK'EXPERIMENT FOR THE SIVB WORKSHOP 
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G. Raid, L. Manning, and J. ~ i l l i a m e +  .__ -, _. _,_,___.- _ _  . . -- ..----.-. .--.--.---- . - 

INTRODUCTION 
, _ -,:_ ' A .  

The purpose of this technical paper ir to  descr ibe  the D-21 expandable 
experiment,scheduled fo r  orbi ta l  flight ter t ing on the  NASA SIV Workshop 
Flight AAP-2. This  paper r w m a r i e e s  the background conditions that led 
to the D-21 experiment definition, the objectives of the experiment, and a 
technical discussion of the experiment. 

With the rapid advancement i n  space  technology, the United States wil i  
be orbiting a s e r i e s  of manned space laboratories  f r o m  which astronaut8 
can perform various experiments and tasks. Some of these -experiments 
and tasks  will necessi tate  astronaut  extra-vehicular activity (EVA). An a i r  - 
lock sys tem will  be necessary  to alleviate the repeated decompression and 
compression cycles imposed on the laboratory work a r e a  during e g r e s s  and 
ingress  maneuvers associated with EVA. An expandable a i r lock would mini - 
mize weight and volume requirements imposed on the vehicle and would p e r -  
mi t  maximurr, utilization of the internal  volumes already available in  these 
laboratories  and spacecraft.  

Since 1960, considerable Air Force  in-house work has  been performed 
on various expansion and rigidization sys tems,  including gelatin rigi'dized 
s t ruc tures  an3 expandable oelf-rigidizing honeycomb. Additionally, a num- 
ber  of c o n i ~  ,,tual efforts were initiated to investigate expandable e las t ic  
recovery mater ia l  concepts. The level of contract  efforts included basic 
mater ia ls  research ,  design and fabrication studies, and construction and 
ground tes ts  of full-size prototype s t ruc tures .  

Several  contract  efforts m ~ n i t o r e d  by NASA a l so  have resulted in  the 
successful  construction and t e s t  of la rge  expandable space  s t ruc turee .  These 

* 
Space Technology Branch of Air F o r c s  Aero Propulsion Laboratory, Wright- 
Pat terson AFB, Dayton, Ohio. 

* * 
Astronautics P r o g r a m s  Department, Goodyear Aerospace Corporation, 
Akron, Ohio. 

+ 6570th A e r o s p ~ c e  Medical Research  Laboratory, Wright-Patterson AFB, 
Dayton, Ohio. 

*NASA Langley Research  Center,  Harnpton, Va. 
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structures,  based on the el?stic recovery materials approach, were success- 
fully demonstrated, terted, and then evaluated in vacuum chamber deploy- 
ment tertr .  As an outgrowth of thir development, two structure concepts ' 
have emerged: (1) the chemically rigidi%ed'structure concept (see Figure 1 )  
and (2) the elartic recovery material8 technique ( r ee  Figure 2). 

- - 

Mcaim 
R . W T V U &  T A U  RIU. 
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Figure 1 - Expandable Rigidized Materials Technique 

I 1 

I 1 
Figure 2 - Elastic Recovery Materials Technique 

Both structure techniques a r e  designed to do essentially the l~arne j r .5. 
The chemically rigidized approach, however, provides an added c a p a b l i i ~ j  
of structure rigidization subsequent to deployment in orbit. The chemical 
system i s  more complex and, therefore, has not been so  extensively devel- 
oped as  the elastic recovery approach has. 

The elastic recovery materials technique res t s  on a solid background 
of development. Technology is a t  a point where the next logical and needed 
step is a manned orbital flight demonstration. Extensive development of 
this materials technique conducted by both NASA and the Air Force in  the 
form of full-sc2le prototype structure fabrication and testing i s  summarized 
below. Because of these programs, the Air Force has selected, a s  a basis 
for the D -2 1 flight experiment, the elastic recovery concept. 

A crew transfer tunnel was developed by the Goodyear Aerospace C o r -  
poration under contract to the Space Technology Branch of the A i r  Force 



I Aero Propulsion Laboratory (AFAPL). The tunnel structure i r  4-ft wide and 
12-ft long, integrated with a rigid metal honeycomb rlab structure 3-ft wide 

I and 12-ft long, along one ~ i d e .  Succerrful rtructural, gar leakage, packag- 
1 r- ing, and deployment ter t r  were conducted on the full-rcale r tructure along 

with extensive materialr  environmental compatibility terting. . '+; 

A gtay Time @tenrion.@-owa ,(STR+),:- an -integrated lunar rhelter a i r  - 
lock, war developed by Goodyear Aerorpace under contract to the NASA Lana- 
ley Rerearchf,Q~tnza3 The~ahel ter  38 \ ? . - f t h  .diameter md..l3-ft long, with 
an integral airlo&?7yft,in diameter:and an ,additional 4-ft .long. The teat pro-  
gram included r t ~ u c t u r a l  evaluation, gar leakage, packaging, and deployment. 

A retractable airlock war developed by the whittaker corporation for the 
Langley Rerearch Center. This airlock derign ir 4-ft in  diameter and 7-ft 
long and.incorporater a mechanirrn for retracting the rtructure when i t  ir 
not in ure. -. . . - . 

. .  b 

There advancer in elartic recovery materialr  technology clearly indi- 
cated that the next logical otep war a manned orbital flight demonrtration. 
Therefore, an expandable airlock ryr tem wao defined and rubmitted for ap- 
proval to both the Department of Defenre (DOD) and NASA for flight experi- 
ment. In September 1966, the expandable airlock flight experiment was for-  
mally approved and derienated D-21. Thir approval war followed in December 
by a competitive contract award to Goodyear Aerorpace for developing the 
D -2 1 experiment hardware. 

SCOPE OF D -2 1 EXPERIMENT 

The D-21 experiment probably i s  the most extensive program to have 
been implemented in the manned application of expandable structures tech- 
nology. The scope of the D-21 airlock program extends fro., initial human 
factors evaluations to ~stabl ishing size and geometry of the h rlock structure 
to final retrieval of data and definition of experiment results subsequent to 
orbital testing. 

Human Factors 

One of the f i r s t  tasks to be implemented was intensive human factor8 
testing to.establirh the baseline definition of the experiment derign. Terting 
was conducted by AF'APL and the Air Force Aero Medical Laboratory to e r -  
tablish optimum geometry requirements for the D-21 airlock design and to 
establish the minimum hatch size consistent with the Apollo space suit and 
use of a PLSS (_Portable _Life Support %stem). Neutral buoyancy tests were 
conducted in the underwater facility at  Wright-Patterson AFB (WPAFR) to 
establish optimum maneuvers of ingress/egress and to define locomotion 
aids necessary for these maneuvers and, therefore, for the orbital experi- 
ment. 

Step-by-step procedures have been established for the overall experi- 
ment. These procedures have been defined in a "time line" established for 
the experiment; about three hours of E V A  a re  required of each of two astro-  
nauts to perform the overall experiment. It is  expected that the time line 
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and experiment procedurer will  be continually refined as crew training i s  
implemented. The propored training plan include8 uring both underwater 
facilitier and the KC-135 sero  ngtl airplane to implement practice maneuverr 
of the experiment procedurer prior to flight. 

Hardw arb*aRdh'iiirerirentr : . 
. . , -.:Ft.rr,<,r .c.qi...?-rot-. ",ao\:fi,: . - 

:-The uperimeat.plra ramestablirhed: by A F k b - i n  codornunce  with, . 
experiment guidelines rtipulated by the NASA Manaed Spacecraft Center 
(MSC). . *  Thir, plan c a r  for the developing and extenrive qualification terting 
of experiment hardware ured rpecifically for thir purpore. Additional ex- 
priment.h.rdwcrrsldro:ir required to rupport astronaut crew training in 
conformonce ,~th~~eriment  procedurer rtipulated in the. experiment plan. 
Thic hardware wiU.conrirt of airlock mockupr (of both rigid and expandable 
materialr) to be ured both underwater and ir ,:he KC0135 to rimulate t e r o  
"gn maneuverr in experiment procedurer. Ijuplicate re t r  of flight hardware 
will be .required a8 the primary and backup flight ud t r .  All hardware, ex- 
cept that ured for training, murt comply with the NASA requirementr of 
NPC-200-2 and NPC-200-3 for quality control and inrpechon. 

Documentation and Derian Reviewr 

Documentation will be required aubrtantially beyond the requirementr 
normally arrociated with a rerearch and development project. In addition 
to the urual rtatur report6 normally required, documentation in variour 
formr conrirtent with the experiment requirements and scheduler will be 
submitted for review and approval throughout the program. There docu- 
mentation formr will include (1) definitive experiment plan, (2) failure mode 
and effect. analyrir, (3) qualification 'eat rpecifications and procedurer, 
(4) qualification ter t  rtatur and fin,d report, and (5)  quality control plan and 
inrpection ryr tern. 

In addition to the documentatlm stipulated above, periodic derign re-  
viewr will be held to enrure final integration of the D-21 experiment with 
the flight vehicle arid rubeequent implementation of the experiment during 
flight. These reviewr will include (1) initial deaign review, (2) derign certi-  
fication review, (3) qualification ter t  derign review, (4) postqualification 
tert  derigr~ veview,. (5) acceptance review, and (6) flight r eadner r  review. 

Teat Requirements 

Extensive ground testing will be required prior to flight acceptance of 
the D-21 experiment. This terting will be perlormed on one re t  of flight 
derign hardware fabricated ispacifically for thir purpose. The test program 
i r  directed toward attaining two objectives: (1)  to ensure compliance with 
manned mirrion requirementr and ( 2 )  to ensure a high probability that the 
experiment will succeed. 

The test program will be conducted on an integrated arrembly of the 
D-21 hardware. Testing will be environmental in n a t u i ~  and wili simulate 



the three categosiee of environment expeetea: earth environment, rpaceeraft 
environment, and space edvironment. Ttmting under the first two categoriel 
will  be performed with the D-21 hardware in a packaged configuration (eee 
Fig~lrt 3). Space environment testing will.be performed with the D-21 in both 
a packaged configuration and in a deployed config*lration (see Figura 4). Space 
cnrironmtnt testing slro will include the functional aspcte  of the D -21 txperl- 
ment dtiined by tha experiment procedures. 

L c v n  W L C I  U ' - L-,, 

Figure 3 - D -3 $.l Packaged Configuration 

I - 1 

Figure 4 - D-2  1 Zxpandcd Configuration 

Expe rirricnt Data 

Data from the D-2 1 orbital experiment will be obtained via te lemetry ,  
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motion picture coverage, and voice recordings. The 0-21 airlock will be in- 
strumented for temperature and p re r ru re  data via telemetry to establirh the 
leak rate of the D-21 airlock in orbit. 

Biomsdical data will be obtained during *btronaut ingrers/egres s dem - 
o t r a t i o a  of the,D-21 airlock to* evaluate the oirlock design relativa to. the 
dynamic8 of ingrerr/egrera and human factor. suitability. 

Motion picture coverage-will permit  visual monitoring of the key func- 
tional pharer of the experiment, much a8 deployment of the structure and the 
ingrerr/egress demonrtration. - 

. , 

Voice tecordingr will  be obtained during the entire period of the functional 
phase. of the experiment.- There recordingr, along with other methods of data 
return. will permit a &rough aaremrment of the r e r ~ l t s  of the 0 - 2 1  experi- 
ment. Evaluation and a h l y a i a  of the experiment results  will be published in 
a final report. 

SIVB MISSION .OBJECTIVES 
6 r 

Fundamentally. the objective of the SIVB mission is to evaluate the feasi - 
bility of using the empty shell of the rpent SIVB stage to support crew oper- 
ations for a 30-day orbital mission. 

The SIVB orbital workshop mission will consist of two flights. AAP-I is  
manned and AAP-2 i s  unmanned and i* launched five days later.  Rendezvous 
and docking will occur a t  an approximate orbital altitude of 260 'naut mi fol- 
lowed by the 30-day operational mission. The basic orbital hardware of AAP-2 
consists of the SIVB spent stage, an airlock support module for subsystem sup- 
port of the spent SIVB (such a s  stage pacification, environmental control sys -  
tem. power, and communications). and a multiple docking adapter (MDA) for 
subsequent linkup of the Apollo Command Service Module (CSM) and resupply 
modules. 

Corollary experiments (such as D-2l)will be carried on AAP-2, either 
in the MDA o r  on the airlock support module. All experiments will be per-  
formed during the 30-day miraion period and will be integrated into ari overall 
time line for overall experiment procedures. 

Figure 5 shows an art ist 's  concept of the expanded configuration of the 
D-21 airlock deployed from i t s  mounting location atop one of the four t russ  
structures used to support the airlock support module. The experiment i s  
located external to the thermal curtain used to shield the support module sub- 
systems and i s  near th, EVA panel, thus providing astronauts access to the 
experiment. 

,J-2 1 FLIGHT EXPERIMENT OBJECTIVES 

The objective i s  to obtain the maximum amount of data for use In iuture 
airlock designs. These data must necessarily be obtained under a constraint 



of minimum astronaut participation con- 
aidering the large number of individual 

I 
/ txperimcnta to be performed on NASA 

Flight -4AP-2. Specifically. the objec - 
t ivee  of the experiment are a8 followa: 

Figure 5 - D-2 1 Aislock GcpEoyed 
from Mounting Location 

To amcertain the ability of expand- 
able atructurea to withmtad the 
boost and launch phase of a typical 
mission rofile with subntquent 
s u c c a ~ s ~ l  deployment in orbit 

To validate the successful pcr- 
formanee of expandable materials 
in operational use when subjected 
to the total orbital apace cnriron- 
ment 

3. To evaluate structure packaging techniques and dtplcy- 
ment Gynamica 

4. To evaluate space environment effects on txpandzble 
matcriale after prolonged exposure (a ix  months) 

5. To demonstrate the compatibility of expandable elastic 
recovery materials in airlock designs with the dynamics 
of astronaut ingress/egress 

6. To establish design parameters and requirements for 
elastic recovery a~r locks  for future manned arbltal labo- 
ratories 

7. To pravide a baseline from whi-h to extrapolate the ap- 
plication of expandable structures technology to other 
uses such as crew transfer tunnels. space shelters, and 
controlled maintenance stations and storage depots 

TECHNICA I, DI!~CUSSION OF D -2 1 EXPERIMENT 

The experiment total flight package consists of four distinct units of hard- 
ware: (1) the integrated D-21 airlock package, (2) a control panel mounted i n -  
side the NASA airlock module (AM) for remote control of the experiment, ( 3 )  a 
wiring harness  interconnecting the D-22 package with the remote control patwl, 
and ( 4 )  a container for earth return of mater~al specimens. 

The D-2 1 airlock package, shown in Figure 4 and in an esploded vtew In 
Figure 6, is comprised of the fol lowing s u b a s ~ e m b l l e s :  (1) p ~ c k d g i n g  svstc711, 
( 2 )  alrlock structure assembly,  ( 3 )  hatch assembly ,  ( 4 )  pressure bulkhead 
assembly,  (5) pres sur i za t~on  system,  ( 6 )  telemetry data system, ( 7 )  e l e c t r l -  
cal system,  (8)  m o u n t l n ~  structure assembly ,  and ( 9 )  espertmtnt c o l ~ t r o I  sys- 
t4m. 

I21 
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Figure 6 - D -2 1 Airlock (Exploded View) 

Packa~ing System 

The packaging system consists of a series of flexible nylon straps located 
around the periphery of the mounting base to restrain the expandable portion 
of the airlock structure in a packaged configuration (see Figure 3). The re-  
straining straps terminate a t  a release fitting located a t  the apex point of the 
package. To deploy the airlock structure to itr u~panded configuration. pro- 
visions a r e  incorporated to release the restraint system either by remote 
control (electric actuator located in mounting base structyre) o r  by a manu- 
ally actuated lanyard located on the D-21 airlock package. Provisions a r e  
incorporated into the packaging derign to position and retain the restraining 
strap8 after the airlock is deployed. These straps are  secured to the wall 
structure to lie along the contoured airlock wall material after expansion un- 
til full and final geometry has been attained. 

Airlock Structure Assembly 

The structural assembly consists essentially of the expandable structure 
material comprising the airlock wall, which is intimately bonded and joined 
with rigid structure design terminal rings. 



The terminal rings, a t  each end of the airlock configuration, a r e  fabri-  
cated of light gage aluminum sheet material. The function of these rings i s  

. / to provide a rigid termination to the flexible material  of the airlock and also 

\. 
t~ provide a rmooth flat surface for hatch and p re r ru re  bulkhead realr .  The 
risrgs a r e  nonstructural in the rense that notension load transfer occurs be- 
tween the wall mtructure and the ringr themaelver. The ring. do, however, 
function ar a load path (via the realm) to  tranmfer hatch and prersure  bulk- 
head prersure  load8 into the reacting expandable rtructure. - 

The expandable portion of the airlock structure uses the elastic recovery 
.-. aterials technique to permit folding and packaging of the structure into a 
r mall compact configuration for launch. Once in orbit, the airlock i r  deplayed 
a its full expanded configuration by the recovery action'of the wall material  

and augmznted by low.leve1 p r e r ~ u r e  (less than 0.5 psi) for final shaping. 
'ifter final shaping, the inherent stiffness of the wall stru. rure will ensure 
flnal shape rigidity even under zero pressure  conditions. 

Basically, the structure wall is a four-layer composite of flexible materi-  
a e in accordance with Figure 7 and a s  de8cribed below. 

. - -- .. . 
Pressure  Bladder - The pressure bladder is a laminate of threa indi - 

v I dual sealant k yers  with an inner layer of 0.3 -mil aluminum foil. The inner 
sealant layer is a laminate of nylon film-cloth. This layer is bonded with 
polyester adhesive to a second layer of closed-cell EPT foam 1/16-in. thick. 
The outer sealant i s  a nylon film-cloth laminate coated with a polyester resin. 
Ti-e total weight of the bladder composite is 0.159 psf and i s  independent of 
design pressure. 

Struct~iral  Layer - The filament winding manufacturing process i s  used 
for the structural layer and provides near the optimum in lightweight load- 
carrying flexible structure. The structure layer will be wound with three 
0 .  0036-in. stainless steel wires interlaced with a rayon yarn in a windlng 
pzttern of 32 hoop filaments and 29 longitudinal filaments per inch. 

Micrometecroid Barr ier  - Micrometeoroid protection i s  achieved by a 
one-rnch lay6 . of flexible polyester foam. Flexible foam of 1 .2  psf density 
has been selected a s  suitable barr ier  material, based on hypervelocity par-  
ticle impact tests. While the primary function of the foam would be to act  a s  
amicrometeoroid barrier, i t  also rervea a s  a deployment aid. During pack- 
aging, the foam layer would be compressed to about 10 percent of its original 
thickness and restrained by the packaging canister. Upon deployment in o r -  
bit, the canister would be released and the elastic recovery characteristics 
of tk.e foam would help shape the airlock to i ts  fully expanded volume. 

e t e r  COVL Layer - The outermost layer of the composite wall s t ruc-  
ture encapa j'stes the wall to provide a smooth base for the application of a 
thermal , a~ing .  Inasmuch a s  the outer cover would encapsulate the com- 
posite wall, it would serve as  an aid in packaging the structure prior to 
launch. By a vacuum technique, the wall thickness can be compressed from 
the f d y  expanded thickness to about 1/4 in.,  suitable for folding and subse- 
qu,.lt packaging in the canister. A passive thermal control coating would be 

,plies3 :o maintain material temperatures within acceptable limits. 
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Figure  7 - Expandable Mate r i a l s  Approach 

The s t r u c t u r a l  approach being used in the D-21 design i s  based on  a fila- 
ment  winding technique a s  indicated above. The s t ruc tu ra l  cha rac te r i s t i c s  of 
this  technique a r e  summar ized  in Table 1. 

The compatibility of the expandable ma te r i a l s  approach with r e s p e c t  to 
operat ions in a space  environment has  been tentatively established with ex -  
tensive ground testing. Table 2 p resen t s  the environmental compatibility 
cha rac te r i s t i c s  of  the se lec ted  m a t e r i a l s  approach.  The m a t e r i a l s  capability 
indicated appears  to be well  within the range of expected environmental  con- 
ditions without constraining the basic Saturn-Apollo SIVB flight in any way. 



Design p r e s s u r e  

Safety factor  

Structural  approach . 

Structural  ma te r i a l  

- 

Unit weight 

Ultimate 

E" modulus 

Winding angle 

Winding a r e a  

Total weight 

Folding effects 

Single cable with s h a r p  
180-deg c r e a s e  fold 

P r e s s u r e  bladder back - 
ing with sha rp  186-deg 
packaging fold 

I tem 
. .. 
3-1/2 psi  

3 

Filament wind 

8 -mil diam s ta in less  
s t e e l  cable 

0.109 lb/1000 ft 

300,000 psi 

30 X l o6  poi 

30 deg 

77 s q  f t  

4.8 lb  

Character ie  tic 

15 percent  dec rease  in 
ultimate 

1000 cycles,  no degradation 

Hatch Assembly 

The hatch assembly shown in Figure 4 cons is ts  of a basic dome and com- 
pression ring s t ruc turk;  a dual yoke-type hinge and latch hardware;  hatch 
separat ion provisions for emergency e g r e s s ;  and a ! 3 -in. d iameter  viewing 
port. The hatch latches and sea l s  against the te rminal  ring and can be oper -  
ated e i ther  f rom the in ter ior  o r  exter ior  of the air lock.  

The basic p r e s s u r e  dome and compression ring s t ruc ture  i s  fabricated of 
aluminum and is separable f rom the overal l  hatch assembly  a s  a provision for  
emergency egress .  Although the emergency e g r e s s  feature of the hatch i s  not 
required for  the experiment procedures a s  now stipulated, this feature will be 
incorporated into the hardware design to be available if needed. Controls to 
separa te  and jettison a portion of the hatch under emergency conditions a r e  
provided a t  three locations: 

1. At the interior  of the D-2 1 air lock on the air lock control 
panel 



TABLE 2 - ENVIRONMENTAL COMPATIBILITY 

JEXPANDAB LE MATERIALS) 

_Oxygen compatibili ty 1 5 p s i  at 200 F 

I t e m  

Toxicity 

F l a m e  r e s i s t ance  I 0.3 -mi l  a luminum foi l  
f l ame  b a r r i e r  

Charac ter in  tic 

Nonde tec tab le  

T h e r m a l  cha rac t e r i s t i c s  .I 
Maximum tempera -  
t u r e  (F) 

Vacuum effects  

Outer  su r f ace  ma te r i a l s ,  
+300; inner  su r f ace  m a t e r i -  
als, t250  

Minimum tempera -  
t u r e  (F) 

Space radiation 

Deployment flexibility, 
-100; expanded s tat ic .  
-150 

I One-half of one percent  
weight l o s s  a t  10'6 T o r r  

Ma te r i a l  tolerance,  107 
r ad ;  expected dose  (one  
yea r ) ,  105 r ad  

Micrometeoro ids  1 Po = 0.9999 f o r  30 days  

2. At the in t e r io r  of the D-2 1 a i r l ock  on the mounting 
base  s t r u c t u r e  

3. Inside the NASA AM on the r emote  cont ro l  panel 

Actuation of any of these th ree  cpnt ro ls  ac t iva tes  pyrotechnics  that  f i r s t  
vent the a i r l ock  down in 10 s e c  and then je t t ison the hatch dome  s t ruc tu re .  
F igu re  8 p re sen t s  the schemat ic  functioning of the emergency  e g r e s s  sys t em.  
F igu re  9 shows the d i ag ram of the vent valve used to  effect  10-sec venting. 
This  valve is located on the p r e s s u r e  bulkhead and i s  not p a r t  of the hatch 
assembly .  F igu re  10 shows how jett isoning of the dome s t r u c t u r e  i s  incorpo-  
ra ted  into the hatch design. 

The  dual  hinge a r r angemen t  shown in F igu re  4 pe rmi t s  the hatch, in open- 
ing o r  closing, to s l ide  along the in t e r io r  wa l l  of the a i r l ock  r a t h e r  than 
swe :ping out in  a fixed a r c  a s  with a single-hinge design.  The advantage of 
the design i s  the l e s s e r  volume swept  out i n  hatch operat ion.  which al lows 
g r e a t e r  usable  volume in  the air lock.  Two la tches  a r e  provided on the hatch 
and a r e  located 180 deg apa r t  and 90  deg  f r o m  the yoke-hinge a t tachments .  
The hatc'n can  be jett isoned with the la tches  i n  e i t h e r  the open o r  c losed pos i -  
t ions.  



Figure 8 - Emergency Egre r s  System 

Figure 9 - Vent Valve (Emergency Egress )  

The hatch also incorporates a 10-in. diameter viewing port. This port i s  
located off center of the pressure  dome to c lear  the hatch handles. Handles a r e  
provided a t  the center of the pressure  dome on both sides. The handle i s  used 
to actually open and close the hatch, with latches used only for initial opening o r  
final closing of the hatch. 

P re s su re  Bulkhead Assembly 

The pressure  bulkhead assembly shown in Figure 4 consists of a basic 
dome and compression ring structure of aluminum, s imilar  i n  concept to the 
dome structure of the hatch. The bulkhead assembly seal  and connection i s  
made at  the 34-in. diameter terminal ring of the airlock structure and also 



Figure  10 - Emergency 
E g r e s s  Hatch 

attached to this  r ing  with eix equally spaced bolts. Provis ions  a r e  incorpo- 
rated into this assembly  for  a control  panel; a future connection fo r  an a s t r o -  
naut umbilical;  and subsys tem connection requi rements  for  pressur iza t ion ,  
venting, e l ec t r i ca l  wiring, and instrumentat icn.  

Subsvstem Interface Connection - The bulkhead design provides an eight- 
inch d iameter  connection pan and plate adjacent to the control  panel fo r  in te r -  
facing ex te r io r  subsys tem requirements  with the in te r io r  of the D -2 1 air lock.  
The opening of this pan is provided with a cover plate that i s  flush with the 
p r e s s u r e  dome contours. 

The pan depth i s  approximately five inches,  with equipment-mounting 
bosses  locatedon the lower su r face  and around the periphery.  The following 
equipment provisions a r e  incorporated into this pan connection design: 

1. A one-inch d iameter  manual  vent valve located under 
the pan cover plate. The operat ing handle fo r  this valve 
iS above the cover  plate access ib le  to the as t ronaut  and 
adjacent to the control  panel. 

2 .  A one-inch hose connection a t  the bottom of the pan. This  
connection i s  used for  a vent line to a n  ex te r io r  manual  
vent valve located on the ex te r io r  su r face  of the mounting 
s t ruc tu re  for the D-21 air lock.  

3 .  A 3-1/2-in. emergency vent valve submerged within and 
located on the lower su r face  of the pan ( s e e  F igure  9). 

4. A one-inch d iameter  p r e s s u r e  relief valve s e t  a t  3-1/2 
psig and mounted on the ex te r io r  su r face  of the pan face. 



This valve is normally "lockedtf inoperable when not in , 

use. The purpose of this valve is  to limit airlo'ck pres-  
sure to 3-1/2 psig and to eliminate excessive pressure 
buildup from astronaut suit dumping af excess oxygen 
and water (umbilical rate of'?. 9 lb per hour). 

5 .  A one -inch diameter pressure relief valve se t  at  5.25 
psig and alro mounted on the exterior rurface of the 
pan face. This valve limits airlock pressure to a proof 
pressure level. 

6 .  A one -inch diameter electric motor -driven vent valve. 
This valve is  mounted on the exterior surface of the pan 
face and controlled either from within the D-21 airlock 
or  from the remote control panel. 

7. A 1/4-in. connection is provided on the lower pan surface 
for a pressure line tie tc the airlock pressurization sys-  
tem. 

8. A 1/4-in. connection is provided on the exterior peri-  
phery of the pan for the manifold connection of two pres-  
sure transducers to monitor airlock pressure. 

9 .  Three electrical connectors a r e  provided on the periphery 
of the pan to interface the exterior and interior electrical 
and instrumentation systems integrated into the D-2 1 a i r  - 
lock. 

Pressurization System 

The pressurization system for the D-21 experiment consists of six 150 
cu in. high-pressure gas storage bottles charged with nitrogen. The gas is  
released from each storage bottle through a pyrotechnic valve to flood the 
airlock to a specific level of pressure established by a predetermined charge 
in the bottle. Gas flow from any pyrotechnic valve is directed through a com- 
mon manifold fitting and then through a 1/4-in. supply line to the inlet fitting 
on the preseure bulkhead of the airiock. All elements of the pressurization 
system, including pressure storage bottles, pyrotechnic valves, and mani - 
fold fitting, a re  supported off the mounting base structure assembly. 

Controls for gas release a re  located either inside on the D-21 airlock 
control panel or  on the remote control panel located within the NASA AM. 
These controls a r e  established for conducting the D-21 experiment and in- 
clude pressurization provisions for deployment, proof pressure, astronaut 
ingress/egress, and a final 15-day test. 

.Deployment - Release of the airlock canister restraint is  actuated by a 
switch located on the remote control panel in the airlock module. A mechani - 
cal backup system manually operated at  the base of the D-21 airlock also 1s 

provided. An initial deployment of the structure is partially effected upon 



release of the restraint  syetem. Fi>a, deploymtznt ie achieved through pree- 
eurization by release of nitrogeh from the 485 peig nitrogen storage bottle. 
Figure 11 showe the deployment syetern and meth->d of control. 

. -.. 
Proof Preerure  - As soon a s  the airlock ham b :en fully deployed, i t  ir 

prersurized to a 5-puig proof level f rom two of tk.e preerure  bottler manifolcied 
together for thir purpore. .The proof prersure  level is to be held for about 
30 min and then-vented: ' ~ i ~ u i . 0  12 rhowr the proof pressurication ryr tem and 
the method of control. ' 

- Individual presrurization ie provided for two cycles of 
s. This portion of the pressurization syetem is shown 

in Figure 13. Pressurization controlr are provided, both within the D -2 1 a i r  - . . 
lock package and within the NASA AM. 

15-Day Test  - The preesurization eyrtem also provides for a 15-day pree - 
sure  test  during which time preeeure and temperature data will be obtained 
via telemetry for determining long-time leak rates of the airlock experiment. 
Provieions for this pressurization also a r e  shown in Figure 13. 

Venting Provisions - Four distinct venting provieione a r e  incorporated in 
the D -2 I experiment design: 

1. Manual Vent - A one-inch diameter manual vent valve is  
located within the D-21 airlock adjacent to the D-21 con- 
trol  pane;. 

2. Electric Vent - A one-inch diameter electric motor-driven 
vent valve i s  located on the exterior of the pressure bulk- 
head assembly. This valve i s  switch controlled from e i -  
ther the D-21 control panel o r  from the remote control 
panel located in the NASA AM. 

3. Manual Vent - Another one-inch diameter manual vent 
valve is  located exterior to the D-21 on the outside s u r -  
face of the airlock base structure. This valve is  pro- 
vided as  a backup to the electric vent in case of mal- 
functioning. 

4. ~ k e r ~ e n c ~  Vent - A 3-1/2-in. diameter vent valve (see 
Figure 9 )  i s  provided for rapid venting a s  an emergency 
feature. This valve is  used only in conjunction with the 
emergency egress feature of the hatch design. 

Telemetry Sensors 

Pressure  and temperature data will be monitored during the course of the 
D-2 1 sxperiment using the NASA support module telemetry system. Eight 
sensors will be provided, two for airlock pressure and six for surface tempera- 
ture of the expandable material wall structure. 



Figure 13 - Pressurization 
Cycles  ( 3 .  5 psig) 

Figuro 11 - Preorurization 
Cycle ( 0 . 5  psig) 

The pressure  transducers wil l  be mounted or. the airlock pres sure  bulk- 
head and wil l  have a range of zero  to 6 psig.  Accuracy o f  these s e n s o r s  i s  
expected to be about *4  %. 
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Two temperature sensors  ( the rmis to r s )  will be mounted on the interior  
surface of the expandable walJ s t ruc tu re  located a t  the midpoint af the s t r u c -  
ture and 180 deg apart.  The range of these seneore  i s  -50 to +150 F, with an 
expected operational range of 50 to 100 F, . *. 

Four addit'.onal tempera ture  r e n i o r r  ( a l ro  t h e r m i r t o r r )  will  be a sached  
to the exter ior  rur face  of the expandable wall material .  Theee will  be located 
90 deg apar t  around the periphery of the airlock. The range-of the re  r e n r o r s  
ie  -150 to t250 F. The operational range expected is -125 to  +250 F. 

Elec t r ica l  Svstem 

Power fo r  the D -2 1 experiment will be supplied f rom a se l f  -contained bat- 
tery pack and f rom the 28 -v power eource of the NASA support module. The 
self-coi~tained power source  will be a dual pack of nickel-cadmium batteries. 
Theee bat ter iee will supply power only for  the pyrotechnics included in the 
D -2 1 design and will  be used for  no other  purpoee. 

The NASA s*-?port module will  provide a l l  remaining power requir4ments 
for  the D . 2  1 experiment including telemetry powe: , lighting, vent valves, 
canister  r~ ease ,  and control panel lighting. Table 3 presents  the power pro-  
file for the D-21 experiment for  various operating modee. 

Mounting Structure 

The mounting base s t ruc ture  shown in both Figures 3 and 4 ie contructed 
of light gage aluminum sheet. The basic geometry i s  a cylindrical shel l  34 in. 
in diameter  and 10 in. high. Stiffe-ler rings a r e  provided kt each end nf :he 
shell,  with axial  s t i ffeqers located circumferentially around the shell.  

The mounting struct i l re  provides the ~ % y s i c a l  integrating function for al l  
hardware components of the experiment. The air lock s t ruc tu re  assembly is  
attached to one ring face of this s t ruc tu re  with 24 equally spaced bolts. All 
subsystems exter ior  to the air lock itself a r e  located within and supported on 
the mounting shel l  s tructure.  

The physical interface between the D-21 experiment and the NASA support 
module i s  a t  the  face of the mounting s t ruc tu re  opposite the airlock. The 
mounting interface will include provision for  24 equally spaced bults to p ro -  
vide optimum mounting lo?d dietribution. Physically, this interface will be 
made a t  the McDonnell Company in St. Louis, where the D-21 experiment 
will be installed and integrated with the NASA support module. 

Experiment Control Svstem 

Controls fo r  conducting the D-21 air lock experiment a r e  provided i n  three 
locations : 

1. A remote control panel located inside the NASA A M  



TABLE 3 - POWER PROFILE (SUPPORT MODULE POWER SOURCE) 

Operating 
mode 

Experiment ,  on  

Telemet ry  
cal ibrat ion 

Canister  
r e l e a s e  

P r e s s u r e  system 
a r m e d  

Deploy 

Proof 
p re s su re  

Ing res s  No. 1 

Ing res s  No. 2 

S tar t  15-day t e s t  

15-day p r e s s u r e  
tes t  

Final vent 

Duratiol 
(min )  

r 5 
i 
~ 5 

I 5 
I 

10 

5 

3 0 

40 

4 0 

5 

15 days 

1 s e c  

-- 
Average load 

( amps  1 
- - 

Remote  1 ' 
Total  load ( a m p s )  

Average P e a k  mode durat ion t- 

0.58  1 1 . 5 8 1  1 I l s e c  
1- 

0. 94 

0 . 9 0  

2 . 0 0  

2 .  The D-21 cont ro l  panel located inside the D -21 a i r lock  
and mounted on the p r e s s u r e  bulkhead 

1.10 

. . . . . .  . . .  

1 I 1 min 

2.09 13.09 

3 .  Emergency  and/or  backup controls  mounted on the e x -  
t e r io r  su r f ace  of the D-21 a i r lock  mounting base s t r u c -  
t u re  

2.30 

. . . . . .  

2 

2 

2 

1 

4. 30 

4.47 

2.56 

The r emote  cont ro l  panel provides the principal' cont ro l  method for  con-  
ducting the D-21 experiment .  Located in the p r e s s u r i z e d  environment  of the 
a i r lock  module,  this  control  panel location wil l  s t i l l  p e r m i t  implementation 
of the D-21 exper iment  in the event that possible  l imitat ions may be imposed 
on EVA. 

. . .  

1 s e c  

1 s e c  

1 s e c  

! s e c  

5.30 

5.47 

3 .56  

The control  panel located inside the D-21 a i r lock  will  not be used during 
the D-21 experiment .  This  piece of hardware  is redundant to the exper iment  
a s  now plar-ned but i s  included in the exper iment  design and hardware  to per  - 
mit  future p re s su r i zed  i n g r e s s / e g r e s s  demonstrat ions.  

3 . 0 0 1  2 
I 

Backup controls  a r e  provided ex te r io r  to the D-2 1 and located on the base 
support  s t ruc ture .  The purpose of these  cont ro ls  i s  to  e n s u r e  implementation 
of exper iment  sequence per formance  in the event of possible  ma l func t~on  of 
the p r imary  control  sys t em opera ted  f rom the r emote  cont ro l  panel. 

1 s e c .  



Remote Control Panel - The remote control panel will be located within 
the airlock section of the NASA AM. This panel, along with appropriate in- 
terconnect wiring to the D-21 experiment, will be supplied and installed by 
McDomell in conformance with overall  exper.iment design requirements. This 
panel, diagrammed in  Figure 14, incorporates the following controls and in- 
dicators: 

Figure 14 - Remote 
Control Panel 

START EXPERIMENT switch to energize panel lighting 
and indicators on all con:rol panels, the e lectr ical  vent 
control, and the pres su re  and tem7erature telemetry 
sensors  in the D-21 airlock 

VENT switch to control the electrical  air lock vent. An 
indicator light is on when the air lock vent valve i s  opep 

CANISTER RELEASE switch to re lease  the airlock 
res t ra ints  system, which permits  the air lock to deploy 

ARMING switch to a r m  the pyrotechnic gas re lease  
valves of the pressurization system. An indicator light 
will come on when the system has been a rmed 

DEPLOY switch to actuate pyrotechnic valve for re lease  
of gas to deploy the air lock 

PROOF switch to actuate pyrotechnic valves for release 
of gas  from two bottles into the airlock for proof p res -  
su re  teat  

D-2 1 LIGHTS switch to illuminate the interior of the 
D-2 1 airlock. Two 2 1  -candl- power lamps a r e  pro - 
vided for this purpose 

INGRESS/EGRESS switches, one for each ingress/  
egress  pressurization, to actuate pyrotechnic re lease  
valves to release gas into the D-21 airlock for two 
ingress/egress tests  

15-DAY TEST switch to actuate pyrotechnic re lease  
valve to re lease  gas into the D -2 1 ai rlock for the 15 - 
day pressure/exposure tes t  



10. High-preraure dual indicator light that goes on when 
p r e s s u r e  in the D -2 1 a i r lock exce-ds 3.5 ~ s i g ,  the 
normal  operating p r e s s u r e  

1 1. Low-pressure dual indicator .light that goer on when 
p r e s a u r e  in the D-21 a i r l o c k  (a l ee r  than 0. 1 paig, at 
which t ime the a i r lock hatch can be opened 

12. An emergency e g r e r a  rya tem i a  provided f o r  rapid 
venting and rubrequent jettiaoning of the D-21 a i r lock 
hatch. An ARUrNC switch is provided f o r  arming the 
aquiba of the emergency vent valve and the emergency 
jettiaon of the air lock hatch. An EMERGENCY EGRESS 
switch act ivates the emergency a i r lock vent and jetti-  
8ona the a i r lock  hatch. 

D-21 A i r l ~ c k  Internal  Control Panel  - This panel, shown in Figure  15, 
i s  located inside the 0 - 2  1 a i r lock and is mounted on the p r e s s u r e  bulkhead 
assembly and has the following controls: 

1. VENT switch to control  operation of the e lec t r ica l  air- 
lock vent 

2. ARMXNG awitch to  a r m  the pyrotechnic valve squibs of 
the two ingress / ingress  pressurizing ga6 bottles 

3.  INGRESS/EGRESS switches to re lease  gas into the D-21 
air lock for the two ingress /eg ress  tes ts  

4. High-pressure dual indicator lights that go on when 
p r e s s u r e  in the D -2 1 air lock exceeds 3. 5 psig, the 
normal  operating p r e s s u r e  

5. Low-pressure dual indicator lights that go on when 
p r e s s u r e  in the D-21 air lock i s  l e s s  than 0. 1 psig, a t  
which time the air lock hatch can be opened 

b. MANUAL V E N T  to vent mechanically the air lock in c a s e  
of malfunction of the electr ical ly operated vent 

j .  EMERGENCY EGRESS has the s a m e  function a s  those 
controls provided on the remote control panel 

Backup Controls - In addition to the experiment controls,  t he re  a lso  a r e  
s o m e  local backup controls provided on the exter ior  surface  of the D-21 sup- 
porting base s t ruc ture .  A diagram of these controls  i s  shown in Figure 16,  
with the following functions: 

1. MANUAL RESTRAINT RELEASE to r e l ease  the a i r  - 
lock canister  res t ra in t  i n  case  of malfunction of the 
e lec t r ica l  res t ra in t  release.  
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Figure 15 - D -2 1 Airlock Internal 
Control F,inel 

Figure 1 6 - Miscellaneous External 
Controls of D-21 Airlock 

2. MANUAL VENT VALVE, located on the exter ior  3f the 
airlock base, to vent the air lock f rom outside in  the 
event of malfunction of the electrically operated vent. 

3.  EMERGENCY EGRESS has the same function a s  those 
controls provided or. the re-ncte contrcl  p n e l .  

EXPERIMENT PROCEDURES 

Procedures for conducting the D-21 experiment have been established 
consistent with attaining the objectives stipulated for  the orbital  tes t  demon- 
stration. 

Deployment will be demonstrated to evaluate the effects of launch and 
boost on s t ructure  packaging and to evaluate Jeployment dynamics on the a i r -  
lock structure.  Proof p ressure  will next be tested to ensure  and to establish 
s t ructural  integrity pr ior  to initiating manned operations. 

Astronaut ingress /egress  will be demonstrated ro evaluate the compat- 
ib;"ty of expandable elast ic recovery mater ia ls  in air lock designs with the 
dynamics involved in operational use. The objective i s  to determine if 
material  stiffness is adequate for airlock designs and to evaluate the effects 
of stiffness on ingress/egress performance by the astronaut. 



' 
A 15-day long-term exposure teat will be conducted with the airlock under 

prersure. Multiple objectives of the 0-21 program will be achieved by thin . 
test requence in the experiment procedurer. Firr t ,  the teat rerultc will be 

f l  ured to evaluate the performance of expandarle material8 in operational ure 
3 when rubjected to the total combined effect6 of the orbital environment. Sec- 

ond, the ter t  reaultr will be ured to ertabl3ah parameterr and requirement8 
for future apecific airlock derignr. 'Third, thia 15-day teat will be ured to 
eatablirh a baaeline from which other application8 of expandable rtructurer 
technology can be extrapolated. 

The final sequence in the experiment procedure. i r  a reviritation mirrion 
n i x  months rubrequent to the initial launch. The purpore of thir final phare 
is  to evaluate apace environment effectr on expandable materialr after pro- 
longed exporure. Thir evaluation will conrirt  earentially of earth return of 
a material rpecimen with rubrequent laboratory analyris. 

The procedure& to be followed in co~c'-~cting the D-21 airlock experiment 
a r e  prere.~ted t r  a functional requence diagram in Figure 17 and in the ex- 
periment procedure8 rurnmary below. The total elapsed t i r ~ ~ c  required to 
conduct the overall experiment i r  estimated a t  191.4 min. The total EVA 
requi -r;ments for each of two astronaut8 required to perform .'he experiment 
a re  eatimateL at 166.1 min. 

The experiment procedurer a r e  to be conducted in three distincc time 
periods o r  phases: 

1. Phase I - Deployment and structural test demonstration 

a. Total elapsed time - 52.8 rnin 

b. Total EVA (each of two crewmen) - 30.9 rnin 

2 .  Phase I1 - Astronaut ingress/egress demonstration 

a. Total elapsed time - 93. 1 rnin 

b. Total EVA (each of two crewmen) - 9 1.8 rnin 

3. Phase U1 - Postenvironment exposure examination 

a. Total elapsed time - 45. 5 rnin 

b. Total EVA (each of two crewmen) - 43.4 min 

A revisitation mission to the SIVB orbital workshop will be conducted 
approximately six months subsequent to the initial experiment. During this 
visit, another postenvironment exposure examination will be conducted in 
accordance with the procedures and time estimates stipulated for Phase IU. 

The experiment procedures summary follows: 

1. Phase I - Deployment (EVA 30.9 min, elapsed time 
57.8 rnin 

a. Depressurize AM 

b. Crewman Number 1 (CM 1 )  moves to anchoring 
station outside thermal curtain and photographs 



Figure 17 - Experiment 
Procedure. Diagram 

deployment while CM2 controls deployment f rom 
inaide the AM 

c. CM1 visually inspects D -2 1 

d. CMl photographs D-21 a s  CM2 initiates proof- 
p ressure  test  

e. CM1 returns to AM 

f. AM is sealed and repressur ized 

g. Proof pressure  test  will continue for a t  leas t  30 
min before Phase 11 begins 

2. Phase 11 - Ingrese/egress demonstration (EVA 91.8 
min, elapsed time 93. 1 min 

b. CM1 moves to anchoring station outside thermal  
curtain 

c. CM1 photographs D-21 a s  CM2 activates depres  - 
surization valve from inside AM 

d. CM1 moves to D-21 and works hatch between p re s -  
surization cycles initiated by CM2 and examines 
sea l  during D-21 pressurization 

e. CM1 and CM2 both move to anchoring station where 
camera i s  t ransferred to CM2 



f. CM2 photographs CMl during two ingresr/egrerr  
cycles conducted without D-2 1 pressurization 

g. Both CM1 and CM2 return to AM 

. AM ia realed and reprer rur i ted  

3. Phare III - Portenvironment expomure examination 

a. Depremsurize AM (EVA 43.4 min, elapred time 
45.5 min) 

b. CM1 moves to anchoring rtation and photographs 
D -2 1 a s  CM2 activates D-2 1 deprerrurization 
rwitch 

c. CMl mover t o  D-21 and virually examiner interior 
and exterior aurface and actuation a t  hatch. photo- 
graphing where appropriate 

-d. CMl receives sample patcher and returns to AM 

e. AM i s  sealed and repreesurized 

4. Revisitation 

a. Same as  a. above 

b. CM1 moves to anchoring station and photographs 
D-21 

c. Same as  c. above 

d. Same a s  d. above 

e.  Same as e. above 

DATA AND INSTRUMENTATION 

Data from the D-21 experiment will be obtained from al l  sources avail- 
able on the SIVB flight. These data will include photographic coverage. as t ro-  
naut voice recordings, biomedical data pertaining to ingress/egress maneu- 
vers, and airlock temperature and pressure  data via telemetry. . 

Photonraphy ( 16 mm Color) 

Movie coverage of the D-21 experiment is  requested. Table 4 ives this 
film coverage. Movie coverage by portable hand-held cameras  i s  d esirable. 
Photographic coverage will be effected from either the MDA o r  the Apollo 
CSM i f  viewing a reas  a r e  appropriate. Fixed camera mounting also can be 
used. However, this method i s  least desirable. 



Airlock canister  release I 

TABLE 4 - MOVIE COVERAGE OF D-2 1 EXPERIMENT 

Experiment period 

Voice Recording 

Time (min) Frames  per second 

Preraure  deployment . - . . . -. ?. .  , 

Ingress/egress demonatration 

Pos tenvironrnent inspection. end 
of 1 5 -day tee t 

A voice recording of astronaut comments concerning the D-21 experi- 
ment i s  being requested. The recording will cover a l l  phases of EVA appro- 
priate to the experiment procedures. The total period involved i s  19 1.4 min; 
recording has  been requested to cover the entire period. 

- 5 

30 

3 

Biomedical Data 

Biomedical data have been requested during the astronaut ingress/egress 
portion of the Do21 experiment. No special data a r e  required. Only those 
data normally recorded during the SIVB orbital workshop flight will be ob -  
tained. 

Telemetry data follows: 

Telemetry 

1. Data channels (eight analog data items can 
be commutated) 

a. Two pressure  
b. Six terpperature 

2 .  Temperature (inner surface of D -2 1 airlock) 

a.  Two sensors  180 deg apar t  

b. Range - -50 to t150 F 

c .  Operating range - 0 to 100 F 

d. Accuracy - *l  percent 

e. Vendor - Yellow Springs Instrument Com- 
pany, Pa r t  No. 427 

3. Temperature (outer surface of D-21 airlock) 

a. Four sensors  90 deg apart  

b. Range - 150 to 250 F 

c. Operating range - 125 to 250 F 



d. Accuracy - *1 percent  

e. Vendor - Roeemont Engineering, e imi lar  
to ~ a ' r t  No. 118L(Goodyear Aeroepace 
Specification Control 66QS1293) 

4. P r e e e u r e  of D-21 airlock"' 

a. Two r e n r o r e  on p r e s r u r e  bulkhead - .".'JTr '4 

b. Range - 0 to 63 0-f g . , 
c. Accuracy - *4 percent  

d. Vendor - Fairchild Controle,  s imi la r  to 
Part No. TP-200 -948A49 1 (Goodyear 
Aeroepace Specification Control 66QS1294) 

5. Senror  output eignal range (all channel6 ) 

Z e r o  to 5'v, dc  

6. Data channel frequency reeponee 

Two cyclee p e r  eecond (minimum) 

7. Data sampling rate 

a. Continuous ( f rom e t a r t  of experiment to 
e t a r t  of 15-day t e s t )  

b. 5 eec/4 h r  (f i ret  two days of 15-day teet)  

c. 5 sec / l2  h r  (remaining 13 days of 15-day 
tes t )  

SUMMARY O F  DEVELOPMENT SCHEDULES AND TESTS 

The hardware development schedule i s  shown in Figure 18. Four s e t s  of 
experiment hardware will  be fabricated in addition to two mockup units that 
will represent  the packaged and deployed hardware  configurations. The f i r s t  
hardware unit will be used for  qualification testing. This teat unit will  be 
shipped to WPAFB after  qualification tes ts  have been completed for continued 
s t ruc tu ra l  testing to destruction. The second hardware  unit will  Le used du- 
ring astronaut  training for  experiment procedures.  

Two flight m i t e  will  be fabricated. These a r e  scheduled fo r  deliver,. 
1 March and 1 April  of 1968. Flight hardware along with aerospace  grouna 
equipment will be shipped to McDox-nell fo r  final integration of the D-2 1 ex -  
periment. 

Table 5 shows the sequence of testing to be performed and the facility 
where  testing will  be done. All space  environment testing will  be conducted 
a t  AEDC (Arnold Engineering Development Center) .  Table 6 summar izes  
the specific types of apace environment t e s t s  to be performed.  These t e s t s  
a l l  will  be performed under vacuum conditions with varying thermal  environ- 
ment and air lock p r e s s u r e s  to s imulate the ex t remes  of the conditions antici-  
pated for the D-2 1 experiment. 

Qualification tes t  requirements for the D-21 experiment represent  a 
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Figure 18 - Hardware 
Development Schedule 

TABLE 5 - TEST SEQUENCE AND FACIUTY 

Functional-ope rational 1 Goodyear Aerospace 

Test  

Humidity I Goodyear Aerospace 

Tes t  facility 

High temperature I Goodyear Aerospace 

I 

Low temperature 

EM1 compatibility 

Electrical  compatibility 

Magnetic fields 

Salt fog 

' Acoustic noise 

Shock 

Acceleration 

Vibration 

Space eil-ironment 

Fungus 

Goodyear Aerospace 

Goodyear Aerospace 

Soodyear Aerospace 

Goodyear Aerospace 

Wylie Labs 

Wylie Labs 

Goodyear Aerospace 

AEDC 

AEDC 

AEDC 

Wylie Labs 



u s l G l ~ ~ ~  pj4cz TABLE 6 - SPACE ENVIRONMENT TESTS 
OF Q U A L I ~  

Airlock Environmental 
prerrure  conditionr 

Operational 0 ~ a c u v m :  1 x 1 0 ' ~  mm ~g 
Temperature: -65 F 

Endurance 

Cycling 

Endurance 5.25 pri 

Vacuum: I X 1 0 ' ~  mm Ha 
Temperature: -450 F 

vacuum: 1 x 1 0 ' ~  mm ~g 
Temperature: -150 F 

Vacuum: I x mm ~g 
Temperature: -150 F 

-6 
Endurance 0 Vacuum: 1 X 10 mm Hg 

Solar radiation 

Cycling 0 to 5.25 pai 

Endurance 

Vacuum: 1 X 1 0 ' ~  mrn Hg 
Solar radiation 

5.25 p i  

Emergency 
egrear 

Vacuum: 1 x 1 0 ' ~  mm ~g 
Solar radiation 

. . Vacuum: I x 1 0 ' ~  mrn ~g 
Temperature: -150 F 

Condition. 

Packaged airlock imtalled in test chunber. 
Muimum availabla vacuum applied to chamber - - 
in two -minute time #pan. 

Airlock, in a packaged configuration, to be 
placed in the apace chamber and required con- 
d i t ion~  obtained. Canister to be ejected and 
unit deployed and inflated. 

With sero  prerrure  in airlock, rubject unit to 
environment for I2 hr. 

Cycle prermure in the airlock 30 timer. Mini- 
mum internal temperature i r  -50 F. 

With 5.25 pri in airlock, proof prerrure  unit 
for 12 hr  and conduct leak teat. Minimum in- 
terval temperature ir -50 F. 

With sero  prerrure  in airlock, rubject unit to 
r o h r  radiation impinging on top rurface of a i r -  
lock. 

Cycle prerrure  in the airlock 30 timer. Solar 
radiation impinging on ride rurface of airlock. 
Muimum internal temperature i r  + 150 F. 

With 5.25 pri in airlock, proof prerrure  unit 
for 12 hr  and conduct leak teat. Sglar radia- 
tion impinging on ride surface of airlock. Max1 - 
mum internal temperature i r  + 1 SO F. 

Operate emergency egrerr  ryrtem. 

comprehensive and extensive testing program.  Successful  completion of this 
p rog ram wil l  be a significant achievement  in i tself  and cer ta in ly  wil l  indicate 
successfu l  per formance  of the D-21 a i r lock  in  orbit .  

CONCLUSIONS 

Conclusions of the D -2 1 expe r imen t  follow: 

1. Flight demonstrat ion of the e l a s t i c  r ecove ry  s t r u c t u r e  
i s  the next logical and needed s t e p  in  the t imely devel -  
opment of the expandable s t r u c t u r e s  fo r  manned space  
flight applications.  

2 .  The D-21 exper iment  ha rdware  can  rneet the space  e x -  
per iment  schedule and requi rements .  

3 .  The exper iment  p rocedures  a s  defined will  achieve a l l  
the exper iment  objectives.  



APPENDIX B 

LUNAR STEM TYP E  ELASTIC 

RECOVERY M A T E R I A L  

GOODYEAR AEROSPACE 
CO.CO.4110m 

GAC 19-1615 



GOODVEAR AEROSPACE 
CO.CO.bV10U 

GAC 19-1615 

The s h e l t e r - a i r l o c k  s t r u c t u r e  was f a b r i c a t e d  p r i m a r i l y  t o  

demonstrate: s t r u c t u r a l  i n t e g r i t y  under a 5 y e 1  design p ressure ;  

packaging c; t h e  s t r u c t u r e  i n  a s imulated launch c a n i s t e r  and 

deployment subsequent t o  unpaclcaging. To meet t h e s e  o b j e c t i v e s ,  

a r e p r e s e n t a t i v e  p ro to type  of t h e  s h e l t e r - a i r l o c k  s t r u c t u r e  was 

f a b r i c a t e d  r e f l e c t i n g  the  proposed STEM deeign.  No a t tempt  was 

m d e  t o  optimize,  from a weight s t andpoin t ,  t h e  "hard s t ruc tu re ' '  

components such as r i n g e ,  frames, door and hatch.  The f l e x i b l e  

p o r t i o n  of t h e  s t r u c t u r e  d i d  however d u p l i c a t e  t h e  proposed design 

w i t h  t h e  except ion t h a t  thermal conduc t iv i ty  c h a r a c t e r i s t i c s  were 

e l iminated.  This d e v i a t i o n  from proposed design,  however, d i d  n o t  

a f f e c t  e i t h e r  f o l d i n g  o r  packaging c h a r a c t e r i s t i c s ,  s o  t h a t  t h e  

majx o b j e c t i v e s  of t h e  f a b r i c a t i o n  model were no t  compromised. 

The f l e x i b l e  s h e l t e r  and a i r l o c k  u t i l i z e d  a f l e x i b l e  f i l amenta ry  

s t r u c t u r e  t o  v i t h s  tand t h e  p r i n c i p a l  loads .  A f  ilament-winding 

technique,  l i k e  t h a t  used i n  t h e  const ruct io l l  of f i b e r g l a s s  motor 

cases ,  was used. The s h e l t e r  s t r u c t u r e  cons i s ted  of two s e t s  of 

continuous windi%gs. A hoop wrap over t h e  c y l i n d r i c a l  por t ion  

c a r r i e d  most of t h e  hoop tension the re .  The curvrd ends were con- 

s t r u c t e d  by means of a geodesic,  o r  n e a r l y  geodesic,  s e t  of 

windings on a p resc r ibed  s u r f a c e  whose shape depended on a 

prescr ibed s u r f a c e  determined by t h e  r a t i o  of i n n e r  t o  o u t e r  

diam!.ter of t h e  ends. The end wrap f i l aments  c a r r i e d  some of the 

hoop tens ion .  

The a i r l o c k  s t r u c t u r e  u t i l i z e d  only a s i n g l e  s e t  of continuous 

windings. The winding was o r ien ted  i n  an angu la r  wrap t o  c a r r y  

both c i rcumferen t ia l  and meridional loads .  
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GOODVEAR AEROSPACE t 
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The f ive -ps i  atmosphere was r e t a i n e d  i n  a three-ply b ladder  t h a t  

was bonded t o  t h c  I n s i d e  of  t h e  s t r u c t u r e .  A f l e x i b l e  foam 

thermal-meteoroid s h i e l d  was bcnded t o  t h e  o u t s i d e  of t h e  

s t r u c t u r e .  The a i r l o c k  was f a b r i c a t e d  by t h e  same technique.  

A f t e r  f a b r i c a t i o n ,  the '  two mudules were b o l t e d  toge the r  through t h e  

ha tch  r i n g s  w i t h  a n  "0" r i n g  employed a t  t h e  i n t e r f a c e  t o  p reven t  

leakage i n  t h e  j o i n t .  A c i r c u l a r  stzp-through ha tch  provided a c c e s s  

t o  t h e  main s h e l t e r  whiL- a n  e l l i p t i c a l  opening permit ted  a walk-in 

e n t r y  t o  the  a i r l o c k .  

The s h e l t e r - a i r l o c k  included a  composite w a l l ,  s h e l t e r  a2d a i r l o c k  

e n t r i e s ,  and a  t e rmina l  bulkhead. 

a .  Composite Wall. The composite w a l l  m a t e r i a l  f o r  t h e  s h e l t e r -  

a i r l o c k  s t r x c t m e ,  a s  shown i n  Figure  28, was divided i n t c  four  

i n d i v i d u e l  l a y e r s  and described i n  the  fo l lowin? ~ a r e g r + h s .  

(1) P ressure  Bladder. The p r e s s u r e  bl.aZ .,;. ,. r$:'cd t o  t h e  

inner  s u r f a c e  of the  s t r u c t u r a l  l a y e r ,  served a s  a gas  

b a r r i e r  f o r  p r e s s u r e  t i g h t n e s s .  The bladder ,  a s  shown 

i n  Figure  29, was a three- layer  laminat ion of f l e x i b l e  

s e a l a n t  m a t e r i a l s .  The o u t e r  l a y e r  was a  close-woven 

nylon c l o t h .  The sandwiched l a y e r  was a  1/16 inch  th ick-  

ness  of v i n y l  foam cnd the  inner  l a y e r  was a n y l ~ r  f i lm- 

c l o t h  laminate .  To f a c i l i t a t e  c o n s t r u c t i o n ,  :he p r e s s u r e  

b l a l d e r  was l a i d  up on the  s h e l t a r  and a i r l o e k  f i l ament  

winding mandrels applying f i r s t  t h e  i n n e r  1am:nate of 

c l o t h  and f i lm.  This was followed by the  layup of the  

foam c e n t e r  and the t h i r d  laminate  of ~ y l o n  c l o t h .  A l l  

t h r e e  laminates  were made wi th  l o n g i t u d i n a l  pane l s  equa l ly  

spaced around the  circumference of the  mandrels.  Seams 

f o r  the  i n d i v i d u a l  l a y e r s  had a  I - inch l a p  j o i n t .  The 

s p l i c e  p a t t e r n  f o r  a l l  th ree  laminates  were s taggered t o  

prevent f a b r i c  build-up i n  l o c a l  a r e a s .  
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FIGURE 28. COMPOSITE WALL FOR LUNAR STEM 



F I G U R E  2 9 .  PRESSURE BLADDER FOR LUNAR S T E M  



(2) S t r u c t u r a l  Wall. Upon conple t ion  o f  f a b r i c a t i o n  f o r  t h e  

p r e s s u r e  bladder ,  t h e  f i l ament  s t r u c t u r e  was wound f o r  

t h e  c a q o s i t e  wa l l .  The winding was performed on t h e  bladder- 

covered mandrels a f t e r  t h e  end r i n g s  f o r  f i l ament  termina- 

t i o n  had been bonded t o  t h e  bladder  and a t t a c h e d  t o  t h e  

form. This procedure, f o r  r i n g  i n s t a l l a t i o n  a f t e r  b ladder  

f a b r i c a t i o n ,  served t h r e e  funct ions .  F i r s t ,  t h e  load- 

c a r r y i n g  r i n g s  sandwiched between t h e  bladder  and t h e  

filament-wound s t r u c t u r e  provided a double bonded a t t a c h -  

ment. Second, t h e  tendency of p e e l  a c t i o n  was e l imina ted  

between t h e  p r e s s u r e  b a r r i e r  and t h e  r i n g .  And t h i r d ,  t h e  

windings of t h e  c a s e  could be epoxy bonded d i r e c t l y  t o  t h e  

r i n g  prevent ing p o s s i b l e  f i lament  ang le  s h i f t  . 

A m a t e r i a l  d e s c r i p t i o n  o f  t h e  s t r u c t u r a l  ( f l e x i b l e )  f i l aments  

fol lows . 

Type 302, 3-strand s t a i n l e s s  s t e e l  c a b l e  

Cable diameter 0.008 i n .  

Strand diameter 0.0036 i n .  

Ultimate t e n s i l e  stress 300,000 p s i  

Design u l t i m a t e  255,000 p s i  

Safe ty  f a c t o r  3 

Design p r c s u r e  5 p s i  

To provide a bond between the  s t r u c t u r a l  l a y e r  and p ressure  

bladder ,  the c a b l e s  were wet wound with  a n  e las tomer  onto  

t h e  mandrels. The p a t t e r n  f o r  t h e  s h e l t e r  was a combina- 

t i o n  of c i rcumferen t ia l  and angular  l s n g i t u d i n a l  wraps. The 

windings f o r  the  c a s e  were composed of 40 l o n g i t u d i n a l ,  

wound a t  10-112 degree ang le ,  and 76 c i r c u m f e r e n t i a l  c a b l e s  

per inch.  For balanced in-plane dome contour on t h e  s h e l t e r .  

a  geodesic 20 degree head was employed on t h e  hatch-r ing end 

of the  s h e l t e r .  An 11 degree geodesic head was configured 

f o r  the  terminal end. 



2 The s t r u c t u r a l  w a l l  ve ighed 0.200 l b l f t  v i t h  a breakdown 
2 2 

of 0.150 l b l f t  f o r  t h e  m a t e r i a l  and 0.050 l b / f  t f o r  t h e  

bonding substance .  R e s u l t s  of  r v a c u u  tart (1.8 x id6 
nm Hg) on t h e  s t r u c t u r a l  l a y e r  were: 

(1)  O f  f-gassing, 0.66 pe rcen t  v e i g h t  loss 

(2) S t a b i l i z e d  i n  approx. 21.5 h r .  

(3) Hicrometeoroid B a r r i e r .  The micrometeoroid b a r r i e r  

was a 2-inch t h i c k  f l e x i b l e  foam bonded t o  t h e  f i l aments .  

The polyurethane open-cell  f l e x i b l e  foam b a r r i e r  had a 
2 

d e n s i t y  of 1.2 pcf and veighed 0.2 l b l f t  . 

The s e l e c t i o n  of f l e x i b l e  polyurethane foam as a micro- 

meteoroid b a r r i e r  was based on company-sponsored hyper- 

v e l o c i t y  p a r t i c l e  impact t e s t s  conducted a t  t h e  I l l i n o i s  

I n s t i t u t e  of Technology. As a r e s u l t  of t h e s e  tests 

(0.0045-gram p a r t i c l e s  a t  22,000 f t l s e c ) ,  i t  was concluded 

t h a t  foam of  1.2-pcf d e n s i t y  was e q u i v a l e n t  t o  s i n g l e  s h e e t  

aluminum of  15  times the  mass p e r  u n i t  a r e a .  Thus, a two- 

inch  th ickness  of 1.2 pcf foam w a s  considered e q u i v a l e n t  t o  
2 

a n  aluminum s h e e t  0.53-cm t h i c k  (1.44 gm/cm ) with  r e s p e c t  

t o  pene t rh t ion  r e s i s t a n c e .  Based on a n a l y s i s ,  t h e  p r o b a b i l i t y  

of zero  p e n e t r a t i o n  f o r  a 30-day pe r iod  would exceed 0.999. 

The s l a b s  of polyurethane were pa t t e rned  and a p p l i e d  much the  

same a s  t h e  v i n y l  foam f o r  t h e  b ladder .  In t h e  c y l i n d r i c a l  

s e c t i o n ,  panels  were made of l o n g i t u d i n a l  s t r a p s  equa l ly  

spaced around t h e  circumference of  t h e  s t r u c t u r e .  The domed 

ends and a i r l o c k  were t a i l o r e d  t o  match t h e  contour .  Panels 

were b u t t  s p l i c e d  and bonded toge the r  a t  t h e  edges t o  form 

a micrometeoroid b a r r i e r ,  an i n s u l a t i n g  s h e l l  and a 

p r o t e c t i v e  spacer  t o  a l l e v i a t e  sharp  bends i n  the  s t r ~ l c  rllr:ll 

f i l aments  dur ing the  packaged phase. Resu l t s  of a vui-rtum 

t e s t  (4 .8  X mm Hg) on the b a r r i e r  m a t e r i a l  were 

(1) Off-gassing,  0.4 pe rcen t  weight l o s s  

(2) S t a b i l i z e d  i n  approx. 1 . 5  h r  
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The foam micrometeoroid b a r r i e r  is an e f f e c t i v e  i n su l a to r  

(K = 0.156). Accordingly, t he  conduct ivi ty  of t he  foam 

must be increased. The proposed technique w a s  t o  use f ive-  

mil diameter copper f i laments  imbedded i n  the foam and 

or iented normal t o  t h e  thickness  layer .  About 26 f i laments1 
2 

inch would be required f o r  K = 1.46. This construct ion is 

shown schematically i n  Figure 66. 

(4) Outer Cover. Application of t h e  ou te r  cover t o  the foam 

completed t he  composite wal l  construct ion.  The mater ia l  and 

i n s t a l l a t i o n  dupl icated t h a t  of t he  inner  laminate on the  

pressure bladder.  Panels were a l s o  pat terned i n  t he  same 

manner, providing f o r  a one-inch l ap  sp l i ce .  The bas i c  

d i f fe rence  betveen the  inner  laminate of t he  bladder and 

foam cover was t he  sur face  coa t ing  f o r  temperature cont ro l .  

Although the cover served pr imari ly  a s  a thermal b a r r i e r ,  

i t  a l s o  functioned a s  a p ro t ec t i ve  sur face  f o r  the foam. I n  

addi t ion fo r  packaging, the sea lan t  laminate permitted 

evacuation of the meteoroid b a r r i e r  thereby reducing the 

t o t a l  wal l  thickness from approximately a 2-112 to a 1 1 2  
-6 

inch thickness.  Results of a vacuum test (4  X 10 mm Hg) 

on the outer  cover were 



f lLM-FABRIC LAMINATE 
(CAC SON-MY LAR) WITH 

COPPER WIRE 

THEZMAL C O A T I N G  
FILAMENTS 

\ 5-MIL DIAMETER 

NOTES 

INTERIOR SIDE 
F I L A c E N T - I V O U N D  
s i ? ~ C i ! J i l E  

FLEXl9LE FCAE.'o 
(FOR PACKAGING) 
DENSITY 1.2 L5 ;13 

1 . F i  lornent V4ind;ng for Struc turol Lwds 
2. Pressure Blodder for G a  Tightness 
3. Flexible Poly~rethone F w m  for Micrometeoroid Protection 
4 .  Copper Wire Filaments (Imbedded in Molded Faom) for Thermal 

Conductivity Requiremenrs 
5. Exterior Surfoce Coated for Thermal Control ( a y ' ~ s  = 0.25) 

FIGURE 6 6 .  DIAGRAM OF SHELTER WALL CONSTRUCTION FOR LUNAR STPI 

- 67 - 
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( 1 )  Off-gassing,  3 . 5  percent weight l o s s  

( 2 )  Stabilized in  approx. 1 . 5  hr  

A s k e t c h  of the o u t e r  cover is shown below. 

Thermal  Cost!r,g of 

Elas tomer  ! 

The rrzal Characteristics (Tes t )  

Coat.-g Degrada t ion  (Vacuum and  U- \' Test$  j 

T irr. e Increase in ( o s ~ c )  
23 2 a \ s  8 P e r c e n t  
i i l  i l h . , . s  3S  Perce7.t 

Tes t s  on t h e  composite w a l l  m a t e r i a l  and i ts component l a y e r s  

under vacuum c o n d i t i o n s  were used t o  e v a l u a t e  of f-gassing e f f e c t s  

on t h e  m a t e r i a l  p h y s i c a l  p r o p e r t i e s  (Table XXVIII). An i n i t i a l  
I 

off-gass ing was encountered,  r e s u l t i n g  from ba i l -o f f  o f  p l a s t i c i z e r s  b 

I 

and v o l a t i l e  s o l v e n t s ,  wi th  a n e g l i b l e  weight l o s s ,  which sub- ! 
I 

sequen t ly  l eve led  o f f  . i 

Tes t s  were made t o  assure t h a t  no t o x i c  by-products, such a s  
i 

those  used i n  t h e  p r e s s u r e  b ladder  polymer type m a t e r i a l s ,  were 

given o f f  whi le  under the  de?loyment environment of 5 p s i a  0 
2 1 

atmosphere. A survey of t o x i c  m a t e r i a l s  known t o  be used i n  the  

p r e s s u r e  b ladder  m a t e r i a l  c o n s t r u c t i o n  was made, and found t o  be  

Toluene-diisocyanate (TDI). Although carbon monoside was not i 
i 
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Tsblr XXVIU.  Vacucm Off-Gassing - Composite Wall Materials 

known t o  be conta ined,  t e s t s  f o r  i t  were a l s o  included.  The test 

procedure f o r  c o l l e c t i n g  t r a c e s  of any t o x i c  gases  was t o  p l a c e  

Yacuum 
Level 

- 6 10 mm 

4 i loo.6 

4 .  8 X 

I .  a x 

1 0 . ~  

the  t e s t  m a t e r i a l  i n  a p r e s s u r e  v e s s e l  t h a t  v a s  evacuated and 

T i m e  to  
Stabilize 

40-Hr s 

1 . 5  

1 . 5  

20. 5 

96. 0 

Material  

T o t a l  Composite 

Outer Cover 

2-Inch Foam 

S:ructural Layer 

P r e s s c r e  Bladder 

subsequently p ressur ized  t o  5 p s i a  v i t h  0 The t e s t  m a t e r i a l  
2 ' 

was exposed for 24 hours,  p r i o r  t o  chemical a n a l y s i s  of t h e  t o x i c  

Per  cen t  I{-eight 
Loss 

2.63 

.' 36 

.39 

.66 

6. 3 

gases ,  and a l l  were found t o  be below t h e  th resho ld  l i m i t  va lues  

f o r  atmospheric contaminants,  e s t a b l i s h e d  f o r  occupat ional  

exposure.  The v a l u e s  a s  determined by ca lo r imete r  type cherniLal 

t e s t e r  o r  mass spect rometer  a r e  ahown i n  Table XXIX. 



Toluene I 200. 0 I 200.0 

Xy lene I 200.0 I 200.0 

Uethyl  Ethyl Ketone I 200.0 I 200.0 

Tolcene -2;isocyanate I 0.01 I 0. 02 

( 1 )  Y c t e  chat the values shown a r e  .~.:nirr.zm sensltivi:). 
values of the ins t ruments  used In test ing.  In ~ 1 1  c a s e s ,  
no t r a c e  of the contaminants w e r e  foanc!, t h e r e f o r e ,  
?rov;ng if  t he re  w e r e  rninate t r a c e s  of contaminants ,  
the co;lcer.:rztlon is below the threshold  l i r ~ l t  va lce .  

( 2 )  .Ar?.er.can Conference of Governmentzl  Ind-str ia l  f-'.? - 
glen: s t s ,  149 3 ,  a r  3at:onal Bzreau of Stanc!;rds. 

4 

: 2l .. . 

GOODVf AR AEROSPACE 1 7; .;,-;.., ; <;,;~llY 
CO.mOm~vIO. *I 
GAC 19-1615 

Table XXIX. Threshold L imi t s  fo r  
Atmospher ic  Contaminants 

Tes t  Rerxlt Thresho ld  
Value L i m i t  Value 

C a s e s  
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Coodyur  Aerospace Corporation (CAC) a m l y z e d ,  designed, developed and q u a l i f i e d  

t h e  f l e x  s e c t i o n  f o r  t h e  t r a n s f e r  tunne l  between t h e  NASA Space S h u t t l e  O r b i t e r  

Crew Cabin and t h e  Space l a b  module loca ted  i n  t h e  payload bay of t h e  s h u t t l e  

under subcontract  t o  McDonnell Douglas Technical  Serv ices  Company (tIDTSC0). The 

Space l a b  Transfer  Tunnel (STT) f l e x  s e c t  i o n s  c o n s t i t u t e  a non-rigid connect i o n  

of t h e  tunne l  t o  minimize STT s e c t i o n  l o a d s  a t  t h e  Space l a b  and o r b i t e r  i n t e r -  

f a c e s  r e s u l t i n g  from a x i a l ,  lateral, t o r s i o n a l  and r o t a t i o n a l  d isplacements  

caused by i n s t a l l a t i o n ,  thermal g r a d i e n t s  and maneuvering. 

Figure A-1 shows t h e  general  l o c a t i o n  o f  t h e  two f l e x  s e c t i o n s  w i t h i n  t h e  crew 

t r a n s f e r  tunnel  as i t  connects  between t h e  o r b i t e r  crew c a b i n  and t h e  Space l a b .  

Also shown is  t h e  s i d e  view of t h e  f l e x  s e c t i o n  along wi th  a c ross - sec t ion  

def in ing  a l l  t h e  major components. Each f l e x  s e c t i o n  c o n s i s t e d  of one f l e x i b l e  

e lenent ,  two inner  and o u t e r  r i n g s ,  two nega t ive  p ressure  r i n g s ,  one d e b r i s  

s h i e l d  and one e l e c t r i c a l  bonding s t r a p .  Figure A-2 shows f i v e  f l e x  s e c t  ion 

f l i g h t  u n i t s  (s tanding v e r t i c a l ) ,  t h e  qua l i f  i c a t i o i ~  test u n i t  (foreground) and 

two spare  f l e x  elements on t h e  t a b l e  i n  t h e  CAC Fabr ic  Eianufacturing f a c i l i t y .  

The f l e x i b l e  e lenen t  c o n s i s t s  of two p l i e s  of f a b r i c ,  s t e e l  beads and f i l l e t .  

The f a b r i c  c o n s i s t s  of Nomex und i rec t iona l  c l o t h  coated with Viton 6-50 

elastomer wi th  each p l y  biased a t  * 1 5  degrees  t o  the  f l e x  element c e n t e r l i n c .  

Overall  th ickness  of the  composite is approximately 0.11 inches  with t h e  

ind iv idua l  th ickness  of t h e  Nomex being approximately 0.025 inches .  Each ply  

of Nomex is coated on each s i d e  with approximately 10 m i l s  of \ ' i ton.  A t en  

m i l  th ickness  of Viton is  added t o  t h e  inner  and o u t e r  s u r f a c e s  dur ing tllc 13v-  

u p .  The f a b r i c  p lys  a r e  wrapped around t h e  beads i n  ttie same d i r e c t i o n  w i t 1 1  
! I 
! 

1 
f i l l e t s  added t o  t h e  outer  diameter of the  beads t o  ensure a smooth t r a ~ ~ s i t  i011 , b  - 

8 

d u r i n g  wrapping. 
A-5 PRKCEI31NCr PAGE BLANK 
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The b u d  i t s e l f  was made from 51 continuous wraps of 0.037" d iaseLGr  s t e e l  

w i r e  whlch t e s t ae  t o  an ul t lmate s.trength of over 15,000 poundr. Thid s t rength  

i s  needed t o  r eac t  t he  stresses i n  t h e  f ab r i c .  The use of continuous wire 

bead is not  a new concept, buthas beeir used i n  t h e  manufacture of automobile 

and truck t i r e s .  

The inner and outer  r ings  provide a means of in te r fac ing  the  f l e x i b l e  element 

with the hard sec t ions  of thc tunnel. The r ings  a l s o  force  the  beads of the 

f l ex ib l e  elemeat o u ~ r d  and upward t o  e f f e c t  t he  pressure 0-1. 

Thenegative pressure r i ngs  ensure tha t  the  f l e x i b l e  element s tops  within a 

desired envelope undcr pressure-reversal condi t ions.  

The bonding srrir provides for  an e l e c t r i c a l  i a t h  t o  ensure t h a t  both s ides  of 

the f l ex ib l e  elenent attachment r i n g s  a r e  a t  the same e l e c t r i c a l  po ten t i a l .  

The debr i s  shield used t o  protect  the  f l e x i b l e  element from f a l l i n g  d e t r i s  

i s  constructed of a stretch-type c lo th  of Kevlar 29 sewn a t  each s ide  to 

preformed and precoated Nomex tapes which a r e  fastened t o  the incer r ings  by 

clamp bars.  

The f l e x  sec t ion  weight was approximately 133 pounds of which the f l e s i h l e  

element represented a l i t t l e  over 20 percent. 



GO ODVEAR AEROSPACE 
COmmom.**om 

The f l e x  sec t ion  design c r i t e r i a  were bas i ca l ly  as follows: 

- A c c m d a t e  Axial 

-Axial de f l ec t ions  of +2.43 Inches to -1.81 inches A 
-Lateral de f l ec t ion  of 2.69 inches 

-Torsional de f l ec t ions  of 0.67 degrees 

-Pitch de f l ec t ions  of 1.33 degrees I 

-Operate between -0.5 ps ig  and +15.9 ps ig  

-Withstand 50 x 4 = 200 f l i g h t  cyc les  (motiotu and pressures  associated 

with each o r b i t a l  f l i g h t )  (Total of 40,000 cyc l i c  l m d i n g s )  

-Withstand a  1 / 2  inch slit under pressure without r e su l t i ng  In  a catastrophic 

f a i l u r e  

-Not burn o r  off  gas i n  an oxygen enriched atmosphere 

-Hinimize in t e r f ace  loads 

-10 year l i f e  

The tunnel f l e x  sec t ion  is a t o ro ida l  sect ion.  similar t o  a  t i r e ,  composed of 

two f l ex ib l e  wire hoops o r  beads joined by two p l i e s  of elastaaer-coated. 

undirect ional  fabr ic .  I f  the  end r ings  a r e  displaced l a t e r a l l v  o r  rotated 

relativ-e t o  each other  one ply supports pore of the load than the other ply. 

o r  a l l  of the  load i f  the  displacement is  l a rge  enough. The r ing loadings a r e  

determined by defining the displacements of one end of the threads or yarns 

r e l a t i v e  t o  the other end of t he  same thread. Only geometric displacements 

were considered i n  the ana lys is .  The thread tensions a r e  resolved in to  

components p a r a l l e l  t o  t he  system global a x i s  a t  both ends. Thesc loadings 

a re  integrzted around the e n t i r e  circumference to determine tttc loads .IC t  ins 

on the r ings.  



An ana ly t i c  wdel of t he  f l e x i b l e  e l n t  ulld VtEXSgCT ws made that can be 

displaced o v u  t h e  var iaur  ui.1, lateral, tor8iaP.l and p i t c h  rations vhlle 

under intarnal preenue8. Output8 from this m u t u  p r o g r r  are cord tens ion  

(from which f a b r i c  stresses are d e t m l n e d r  and d i s t r i bu ted  r eac t ion  loads on 

the  r ings  (which when in tegra ted  g ive  t h e  i n t e r f a c e  loads md mmeats). The 

dis t r ibu ted  reac t ion  loads are then used i n  the stamlard SrWDL (St ruc tura l  

Design Language) computer p r o g r u  along v i t h  the bead pretension load and 

e c c e n t r i c i t i e s  f o r  t he  part t o  e s t a b l i s h  the stresses in the  r ing.  These 

stresses are then used t o  ca l cu la t e  margins of u f e t y  o f  the r h g .  

The in t e r f ace  loads .ad wrrents were c o e p u t d  on CAC1s FLEISECf R o g r u  and 

up-dated by the  inputs  from the  f u l l  s c a l e  test program. 

Detailed deve lopen t  tests were conducted on ca rpownt s  and s u b - s y s t a s  f o r  

the f l ex  section. Viton B-50 elastomer a d  N a e x  c lo th  were chosen because of  

:he long l i f e  and off-gassinglflaraability requirements. Material specirens 

were fabricated and tes ted  t o  determine t h e  e f f e c t  of cut  f i l l  yarns. cure/post 

cure, and vacum bakeof f on s t r i ~  t e n s i l e  s t rength  and peel  adhesion. 

Bead s trength t e s t s  were s d e  along v i t h  extensfve inves t iga t ions  of bead 

incorporation within t he  f l e x  eianent t o  assure  s t r u c t u r a l  adequcy .  

Fabric s t r i p s  of the basic f l ex  element mater ial  were Rotofles and t e n s i l e  

tes ted t o  determine any degradation due t o  cyc l i c  loading. 

Several f u l l  sca le  f l ex  sec t ions  a r e  fabricated and tes ted  t o  v e r i f y  that  

the safe  l i f e ,  leak before burst ,  and burst  pressure requirements were m e t .  

In addi t ion,  t e s t  data  on in t e r f ace  loads and moments were a l s o  obtained. 

Figure A-3 shows the f l e x  sec t ion  mounted i n  a coc puter-controlled cvc l ic  

t e s t  f i x t u r e  under normal and d i s to r t ed  conditions.  The s a f e - l i f c  t e s t  

A- 10 
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demonstrated t h a t  t h e  f l e x i b l e  element des ign  could survive  f i f t y  ( 5 0 )  

o p e r a t i o n a l  c y c l e s  t imes  a t ime- l i fe  f a c t o r  of four  ( 6 )  o r  two-hundred 

(200)  des ign  l i f e  cyc les .  A v i s u a l  examination of t h e  f l e x  element was 

made dur ing and a f t e r  almost every f l i g h t  c y c l e .  There w a s  no evidence of 

wear on t h e  c u t s i d e  of t h e  u n i t  throughout t h e  200 cycles .  The success  of 

t h e  leak-before-burst test demonstrated t h a t  t h e  des ign  of t h e  f l e x  element 

was s t a b l e  under l i m i t  cond i t ions  wi th  r e a d i l y  d e t e c t a b l e  damage. A one-half 

inch c u t  in t h e  f l e x  e lementdid  not grow beyond t h e  i n i t i a l  c u t  l eng th  even 

under pressure .  The element b u r s t  a t  a p r e s s u r e  t h r e e  t imes  t h e  minimum 

required pressure .  
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