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FOREWORD 

The r ad ia t ion  effects ana lys i s   desc r ibed   i n   t h i s   r epor t  

was performed a t  the   Fo r t  Worth operat ion of the  Convair  Aero- 

space  Division  of  General Dynamics f o r  the George C. Marshall 

Space  Flight  Center  under  Contract NAS8-25848. This   contract  

i s  an  extension  of  previous  technology  studies  conducted a t  

t h e  Nuclear  Aerospace Research Fac i l i t y   i n   suppor t  of nuclear  

rocke t   vehic le  development . 
Two primary  tasks were accomplished  under  Contract NAS8- 

25848,  both  of  which were based   in   par t  on t h e   n u c l e a r   f l i g h t  

system  concepts  generated  under  Contracts  W8-24714, NAS8- 

24715, NAS8-24975, and SNP-1. Task 11, t he   r ad ia t ion  effects 

analysis   of   Saturn V materials, components,  and  systems, i s  

documented herein.  The r e s u l t s   o f   t h e  Task I study,  the  design 

of apropel lant   heat ing  experiment   compat ible  w i t h  contemporary 

f l igh t   vehic le   concepts ,  are g iven   i n   t he   Fo r t  Worth operat ion 

r epor t  FZK-380. 

The authors   wish  to  acknowledge the   cont r ibu t ions  of 

H. G. Carter and P. R. Cheever  of the   For t  Worth operat ion;  

M r .  Carter performed  the  calculat ions  of   the   mission-integrated 

gama  doses   given  in   Sect ion V, and M r .  Cheever a s s i s t e d   i n   t h e  

preparat ion of the   r ad ia t ion  effects da ta  summaries. 
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I . INTRODUCTION 

The Saturn V r ad ia t ion   e f f ec t s   ana lys i s  i s  an  evaluation 

of   $ l igh t -qua l i f ied  S - I 1  and S-IVB s t age  materials, components, 

and  systems fo r   poss ib l e   u se  on a Reusable  Nuclear  Shuttle 

(RNS). The objec t ives   o f   th i s   s tudy  were (1) t o  determine  those 

components  and  systems s u i t a b l e   f o r   u s e   i n   t h e  RNS r ad ia t ion  

environment,  and (2) to  determine  those components  and  systems 

poten t ia l ly   hardenable  t o  RNS requirements by material subs t i tu -  

t i o n   o r  minor   design  modif icat ions.   In   addi t ion  to   the  ident i -  

f i c a t i o n   o f   r a d i a t i o n   s e n s i t i v e  materials and the i r   app l i ca t ions ,  

it was necessary  to   determine  the  radiat ion  environment  a t  

poss ib le   loca t ions   o f  the components  and  systems on the   nuc lear  

vehicle .  

The RNS configurat ions are based on the   nuc lear   f l igh t   sys tem 

defini t ion  s tudies   performed by  McDonnell Douglas (Ref .  l), 

Lockheed Missiles and  Space Co. (Ref . 2 ) ,  and  North  American 

Rockwell  (Ref. 3 ) .  Source terms f o r   t h e   n u c l e a r   r a d i a t i o n  are 

from Aerojet  Nuclear  System Company's r e fe rence   da t a   fo r   t he  

ful l - f low NERVA engine  (Ref. 4 ) .  Data f o r   t h e  S-IVB and S - I 1  

stages   of   the   Saturn V were obtained from  drawings  and s p e c i f i -  

cations  provided by t h e  f i l m  repos i tory  a t  MSFC and, i n   p a r t ,  

from information  provided by the  vendors  of  commercial  parts. 
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Although t h e  data  and r e s u l t s   f o r   t h e  S-IVB and S - I 1  s tages  

are qu i t e   de t a i l ed  and spec i f i c ,   an   e f fo r t  has been made t o  

organize and present   the   da ta ,   e .g . ,   rad ia t ion   e f fec ts   da ta  and 

radiation  environment,  in  such a manner t h a t  it w i l l  have u t i l i -  

t a r i a n   v a l u e   t o   d e s i g n e r s   o r   i n   f u t u r e   r a d i a t i o n  effects analyses 

as t h e  RNS becomes  more precisely  def ined.  
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11. SUMMARY AND RECOMMENDATIONS 

This   s tudy   has   been   car r ied   ou t   to   eva lua te   f l igh t -  

qua l i f ied   Sa turn  V materials, components,  and  systems fo r   u se ,  

with  or   without   modif icat ion,   in   the  radiat ion  environment   of  

the   nuc lear   f l igh t   sys tem.  The r e su l t s   r epor t ed   he re in  are p r i -  

mar i ly   i n t ended   t o   a id   des igne r s   i n   t he i r   eva lua t ion   and  selec- 

tion  of  "off-the-shelf"  equipments which may meet t h e   s t r i n g e n t  

requirements  and  specifications  associated  with  application on a 

reusable  nuclear-powered  space  system, i .e. ,  the  Reusable  Nuclear 

Shut t le .  One of t h e   f a c t o r s  which  must  be  evaluated in  the  design 

of t h e  RNS i s  t h e  effects o f   r ad ia t ion  on materials; i t  is  

toward t h i s   a s p e c t   o f   t h e   o v e r a l l   e f f o r t   t h a t   t h i s   a n a l y s i s   h a s  

been  directed.  

2 . 1 General Methods 

Drawings  and specif icat ions  for   the  mechanical   systems  of  

t h e  S-11 and S - I V B  s t ages ,  which are representa t ive   o f   cur ren t  

liquid-hydrogen-fueled vehicles, have  been  examined to   determine 

the   types   and   appl ica t ions   o f   rad ia t ion   sens i t ive  materials. 

Based upon r a d i a t i o n  effects test da t a ,   r ad ia t ion   t o l e rances  

(maximum recommended radiat ion  exposure)  were e s t ab l i shed   fo r  

each  application  of  each material. These  tolerances were then 

compared to   the   p red ic ted   rad ia t ion   exposure  a t  t h e  assumed com- 

ponent  (or  subsystem)  location on t h e  RNS. When t h e   r a d i a t i o n  
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to le rance  was f e l t   t o   b e   i n a d e q u a t e   f o r   t h e   p a r t i c u l a r   a p p l i c a -  

t ion,   modif icat ions by material s u b s t i t u t i o n   o r  minor  design 

changes were recommended such t h a t  r e l i a b l e  performance  could  be 

expected. 

E l e c t r i c a l  and electronic  systems per - se were not  a p a r t  

of t h i s  study. Of t h e  mechanical  systems  and t h e i r  associated 

electrical components, t h e  materials o f   i n t e r e s t  are some f o r t y  

organics   used  in  a v a r i e t y  of appl icat ions.  Only a few of  these,  

and  most often  Teflon, set t h e  l i m i t  f o r  t h e  maximum recornended 

radiation  exposure  of  individual components. The ana lys i s   ind i -  

cates, however, t h a t  almost every component can  be  radiat ion 

hardened to  exposure levels of a t  least 1 x 10" ergs/gm(C) , 
which  exceeds t h e  maximum predicted  exposure  accumulated  during 

missions involv.ing ten  hours of full-power NERVA I reactor  opera- 

t i o n   f o r  a l l  components located  forward  of t h e  engine-gimbal 

in te r face .  

The recommended material subs t i t u t ions  are based  on the  

use   o f   r e l a t ive ly   r ad ia t ion   s t ab le  materials which  can  perform 

t h e  same o r  similar funct ions.  It i s  rea l ized ,  however, t h a t  

the  recommended materials w i l l  not always resu l t   in   des igns   capable  

of   sa t i s fy ing  t h e  component spec i f i ca t ions  due t o  material charac- 

teristics o r  material processing  procedures  unique  to t h e  material 

se l ec t ed   fo r  t h e  or iginal   design.   For   this   reason,   Table  2-1 

l ists  some materials prefer red   for  several common appl ica t ions  
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Table  2-1 

PREFERRED MATERIALS FOR  VARIOUS  APPLICATIONS 
I N  A RADIATION ENVIRONMENT 

Applicat ion 

Gaskets and 
Seals 

Packing 

Electrical 
Insu la t ion  

Spacers 

Backup Rings 

~~ 

Material 

Aluminum 
Kynar 
Polyimide 
Kynar Composite 
Viton A 
Mylar 

Kynar 
Polyimide 
Viton A 

Dia l ly l   Ph tha la t e  
Polyimide 
Mylar 
Kynar 
Aluminum 
Si l icone/g lass  
Polyester /glass  
Kynar 
Polyimide 
Rubber/asbestos 

Polyimide 
Kynar 
Teflon/glass 
Mylar 

2-3 

3x10 10 
2x10 

6x109 
6x109 

1 x 1 0 ~ 0  

3x1010 

6x10 
2x10910 

2X1O1O 
1 x 1 0 ~ 0  
lxl010 
lXlOl0 

2x1ol1 
0-  

6x10 10 
3x10 
3x10 
3x10 lo 

3x10 lo 
3x10 lo 
1 x 1 0 ~ 0  
lxl010 



t o  assist t h e  component designer.   in t h e  f ina l   s e l ec t ion   o f  

materials. 

Section I V  presents  a br ief   discussion  of  t h e  r ad ia t ion  

e f f ec t s   da t a   fo r  each of t h e  organic materials i d e n t i f i e d  and 

those recommended for   use   in   the   rad ia t ion   hardening .   S ince   the  

pa r t i cu la r   app l i ca t ion  of a material has a bearing on i t s  use- 

fulness   in   the  radiat ion  environment ,   the   tolerance  levels ,   g iven 

in   Table  4-1, are based on spec i f ic   appl ica t ions .  The bases   for  

these recommended tolerances are discussed  in   Sect ion IV; here 

again,  t h e  material c r i t e r i a   shou ld   be   ca re fu l ly  examined  by t h e  

des igner   to   ascer ta in  which proper ty ,   o r   p roper t ies ,  are of 

greatest   importance  in  a given  appl icat ion.   In  some instances,  

t h e  r ad ia t ion   e f f ec t s   da t a  were in su f f i c i en t   t o   con f iden t ly   e s t ab -  

l i s h  safe operat ing limits f o r  material appl ica t ions   in  t h e  RNS 

environment  of vacuum, possible  cryotemperature,  and nuclear  

rad ia t ion .  Some recommendations fo r   add i t iona l   t e s t ing  are d i s -  

cussed  in  Section  2.5.  

2.2 Doses for   Base l ine  RNS Tank Configurations 

Four different  propellant  tank  concepts,  namely,  (1) s i n g l e  

tank w i t h  8.5-deg conical  a f t  bulkhead, (2) s ing le   t ank  w i t h  

15-deg conica l   a f t   bu lkhead ,  (3)  two-tank  hybrid,  and ( 4 )  single-  

tank modular,  have  been  used in  the  computation  of  mission- 

in tegra ted  gamma doses  within  the  tank and  along t h e  tank walls. 

These tank  concepts were se lec ted  as being  representat ive of those 
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under active considerat ion a t  t h e  time t h i s   s t u d y  was i n i t i a t e d .  

The computational method  and r e s u l t s  are g iven   in   Sec t ion  V ,  and 

specific  tank  dimensions are in   Sec t ion  111. 

The isodose  contours (Sec. 5.2) correspond t o  a s-ingle 

mission  in which t h e   i n i t i a l   p r o p e l l a n t  mass i s  290,000 l b ,   t h e  

d ra in - r a t e  i s  90 lb/sec,   and t h e  r e s i d u a l   f u e l  mass is  7,500 lb .  

The assumed separat ion  between  the  core   center   of   the  1575-MW 

NERVA and  the  tank  bottom i s  200 in .   Figure 2-1 depic t s  a por t ion  

of   these   resu l t s   conver ted   to  a ten-mission  dose  and shows a com- 

parison  between  the  fourconfigurations.  

Because  of  unresolved  questions  such as f ina l   t ank   conf igura-  

t i o n ,   t h e   a c t u a l   l o c a t i o n  of various  subsystems  and  components, 

and the  requirement   for   an  external   shield,   the   doses   used  in  

t h e  analyses  of  the S - I 1  and S- IVB s t ages  are de r ived   d i r ec t ly  

from t h e  ANSC source-term  data  (Ref. 4 )  by use  of R-2 a t tenua-  

t ion  (Sec.  5.1) and  assuming 10 hours  of  engine  operation. Al- 

though t h i s   r e s u l t s   i n  an  over estimate of   the   dose   wi th in   the  

tank  and  along  the  tank walls, it has  the  advantages af being 

configuration  independent  and  of  representing a worst-case  dose, 

Furthermore, as would be  expected  and as shown in   F igu re  2-1, 

the  doses a t  and  near  the  bottom  of  the  tanks are e s s e n t i a l l y  

t h e  same f o r  a l l  the   conf igu ra t ions ;   t h i s  i s  the   reg ion   of  

pr imary   in te res t   s ince  a number of  subsystems,  or a t  least p a r t s  

thereof,   must  necessarily  be  located  near  the  engine.  The 
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loca t ion  of components or  subsystems  along  the  lower walls of t h e  

tank may be somewhat a r b i t r a r y ,  and  here  the  hydrogen  attenuation 

and  tank  geometry become important. The data   given  in   Sect ion 

5,2 may be   u sed   i n   eva lua t ing   spec i f i c   s i t ua t ions .  

2 . 3  Summary of S-IVB and S - I 1  Analyses 

Major  systems  of t h e  S-IVB and S-11 s tages ,   d i scussed   in  

d e t a i l  in Sect ions V I  and V I I ,  r espec t ive ly ,  have been  examined 

and  found to   conta in   rad ia t ion   sens i t ive   o rganic  materials which 

would preclude t h e i r  use on t h e  RNS i n  t h e i r  present  design con- 

f igura t ions .  However, it i s  bel ieved t h a t  radiat ion  hardening by 

material s u b s t i t u t i o n s   o r  minor  design  modifications  would  enable 

v i r t u a l l y  a l l  of t h e  examined  components t o   w i ths t and   r ad ia t ion  

dosages in   excess  of those  predicted.  

Nevertheless, it must be  emphasized t h a t  material subs t i t u -  

t i ons  might  be a r e l a t ive ly   s imp le  matter o r   t h e y   c o u l d   r e s u l t  

i n  a major  redesign  of  possibly  greater  magnitude  than  start ing 

from scratch. Every material, component, o r  system  considered 

fo r   u se  on t h e  RNS w i l l  eventual ly  have to   be  evaluated on i t s  

own merits f o r  t h e  pa r t i cu la r   app l i ca t ion   i n  a particular en- 

vironment. It is  hoped t h a t  t h i s  e f f o r t  i s  a s t e p   i n   t h a t  

d i rec t   ion .  

The following  bar charts, Figures 2-2 through 2-14, depict  

t h e   g a e r a l   a n a l y t i c a l   r e s u l t s  by  subsystem f o r   t h e  S-IVB and 

So11 systems  examined (wi th  t h e  exception  of t h e  S - I V B  support 
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assembly,  which w a s  found to   con ta in  no organics,   and  the S-IVB 

thermocondition  system,  which  uses  only a f e w  organics) .  Each 

c h a r t  shows a comparison  between the  predicted  exposure level, 

t h e  tolerance  of  t h e  as-designed  subsystem,  and t h e  tolerance 

of  the  subsystem as modified ( i f  required) .  

A d i s t i n c t i o n  is made between material appl ica t ions  which 

were considered c r i t i ca l  to  mission  success  and  those which were 

cons idered   no t   to   be  cr i t ical .  These r a the r   a rb i t r a ry   a s s ign -  

ments,  based on engineering  judgment, have been made to   avo id  t h e  

impl ica t ion   tha t  a l l  usages of r a d i a t i o n   s e n s i t i v e  materials are 

equally  important  insofar as replacement is  concerned.  In  the 

f igu res ,  a nonc r i t i ca l   app l i ca t ion   o f  a material of  lower  radia- 

t ion   to le rance   than  t h a t  assigned  to  the  subsystem i s  ind ica ted  

by t h e   t r i a n g l e ;  i f  all organic material appl ica t ions   in   the   sub-  

system are cons ide red   nonc r i t i ca l ,   t he   s t r i ped   ba r  i s  used. 

The lowest  tolerances are set by hoses  l ined  with  Teflon 

6 TFE ( 3  x 10  ergs/gm(C))  and  Teflon TFE seals, gaskets ,  etc. 

(7  x 10 ergs/gm(C)).  Other  Teflon TFE applicat 'ons are given 6 

7 8 rad ia t ion   to le rances  of from 2 x 10 t o  1 x 10 ergs/gm(C). 

Other material appl ica t ions   having   re la t ive ly  low rad ia t ion  

8 tolerances are: Buna N hoses, 1 x 10 ; nylon seals, 5 x lo8; 
hydraul ic   f lu id  (MIL-H-5606), 5 x lo8; neoprene seals, 6 x 10 ; 

Teflon FEP seals, gaskets,   bearings,  e tc . ,  7 x 10 ; s i l i c o n e  

rubber seals, 8 x 10 ; and s i l i c o n e   l u b r i c a n t  (DC-510), 8 x 10 

8 

8 

8 8 
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Figure 2-2 

RADIATION HARDENING SUMMARY - S-IVB HYDRAULIC SYSTEEI 

Subs ys t e m  Gamma Environment  (ergs/gm(C)) 

lo6  lo7 lo8 lo9 1010 loll 

1 

Tank Assy 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Pump Assy 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Actuator  ass^ 
Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

A m  Hydraulic Pump 
Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Switch Assy 
Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Adapter Assv 
Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Hose Assy 
Predicted Environment 

Tolerance as Designed 

Tolerance as Pfodified 

Accumulator Asse 
Predicted Environment 

Tolerance as Designed 

Tolerance as Hodified 

Hydraulic  Fluid 
Predicted Environment 

Tolerance as Designed 

Tolerance as Hodified 

Assumed to  use  Teflon 

bigs   not   avai lable   for   complete   analysis  

I I I I I I I 
I - - - I  I I I I 

t I I I I I 
I I I I I 

I I I 
i i l  

t 1 I I 

t I I I I I  I I 

.I I I 
1 

I I I - - -  I 1 1  

I I I I I 
I I I I 

1 

I I I I - Lowest tolerance of  cr i t ical  V Tolerance i f  based upon a 
material appl ica t ion  nonc r i t i ca l  material 

 owes st to lerance  of  material 
applications  not  considered 
c r i t i ca l  

appl ica t ion  

I I I I I I I 
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Figure 2-3 
RADIATION HARDENING SUMMARY - S-IVB AUXILIARY PROPULSION  SYSTEM 

Engine I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Pressurizat ion System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Propulsion System I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Wiring  Harness I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Transducer  Installations 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Leak Detection System 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  ilodified 
Bus Connector I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

E lec t r i ca l  Module 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

(Dwgs not  available  for  complete  analysis [ 

I 1 
I 1 

. .  1 

lo6 lo7  108  109 10 0 l o l l  
Gamma Environment  (ergs/gm(C)] 

& 

I I 

I  owes st tolerance of c r i t i c a l  
ma te r i a l   a lp l i ca t ion  

-Lowest tolerance of mater ia l  
applications  not  considered 
c r i t i c a l  
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Figure 2-4 

RADIATION HARDENING SUMMARY - S-IVB PROPULSION SYSTEM 

Subsystem I lo6  
Gamma Environment  (ergs]gm(C)) 

lo7  lo8  lo9 1010 l o l l  

1 

U I  
Chilldovm I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Plodified 

Engine I n s t a l l a t i o n  

Predicted Environment 
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Tolerance  as  Modified 

Or i f i ce   In s t a l l a t ion  

Predicted  Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Ambient Repressurization System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Oxidizer Vent  System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

GH:, Vent  System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Nodified 

Pneumatic Power (lB75000) 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Pneumatic  System (1B58006) 

Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

Pneumatic Power (1B75003) 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Pneumatic  System (1B66405) 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  EIodified 

+I I I 
I 

I I 
I I I I I I 
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Figure 2-4 (cont ' d) 

RADIATION HARDENING SUMMARY - S-IVB PROPULSION SYSTEM 

Subsystem lo6  lo7  108  109 10 l o l l  
Gamma Environment  (ergs/gm(C)tO 

Pneumatic Power  (lB7.5004) 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Burner Ins t a l l a t ion  

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Swi tch   Ins ta l la t ion  (1B58001) 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

LH2 F i l l  System 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Oxidizer  Feed System 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Pneumatic  System (lB58008) 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

I " I  I 

- Lowest tolerance  of cr i t ical  
material appl ica t ion  
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Subsystem Gamma Environment  (ergs/gm(C) 
106 lo7 lo8  lo9 10 i 0  

Thrust Chamber 

Predicted Environment 

Tolerance as Designed 

Tolerance as Plodified 

S t a r t  System 

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Gas Generator 

Predicted Environment 

Tolerance as Designed 

Tolerance as Nodified 

Propellant  Feed System 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Customer Connections 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Flight  Instrumentation 

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Control System 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

I I I I I 

1 
I I I I 
I I I 

Subsystem Gamma Environment  (ergs/gm(C) 
106 lo7 lo8  lo9 10 i 0  

I I 
1 

I I I 

I 

L L L 
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Figure 2-6 
RADIATION HARDENING SUMMARY - S-IVB STRUCTURES A S S  

Subsystem I l o6  
G a m  

10' 
1 

Insu la t ion   In s t a l l a t ion  (lA93131) 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Sea l   In s t a l l a t ion  

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Probe  Support 
Predicted Environment 

Tolerance as Designed 
Tolerance  as  Modified 

Tank Assy 

Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

Sk i r t  Assy 
Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

Insu la t ion   In s t a l l a t ion  (lA39314) 

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Tunnel I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

A u x  Tunnel I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Fwd Sk i r t  Assy 

Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

S k i r t   I n s t a l l a t i o n  

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

I I I I I 

I I I I I 

Environment  (ergs/gm(C)) 
108 l o 9  1o1O 

1 I 

U I  c I I I 

I I I I 

I I I I I 
1 

I I I I I 
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Figure 2-6 (cont'd) 

RADIATION HARDENING SIJ$NARY - S-IVB STRUCTURES ASS! 

Subs y s  tern 

Helium Bottle 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Deflector Assy 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Stud I n s t a l l a t i o n  

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Insu la t ion   In s t a l l a t ion  (1B65892) 

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Gamma Environment (ergs/gm;m(C) 
10; 1,08 l,og 1; 

1 .1 

- ~ o ~ e s t  t o l e rance   o f   c r i t i ca l  
mater ia l   appl ica t ion  

IIllWU Lowest tolerance o f  mater ia l  
appl ica t ions  not considered 
c r i t i c a l  
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Figure 2-7 
RADIATION HARDENING SUMMARY - S-I1 ENGINE ACTUATION SYSTEM, HYDRAULIC 

Subsystem 

Hydraulic Sys Assy 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Hydraulic Accumulator 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Pump Assy 
Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Servoactuator Assy 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Gamma Environment  (ergs/gm(C)) 
lo6  10’ lo8 lo9 1o1O 10 l1 

I 
I 

I I I I 
I I I I 

i ! I  I 
1 

I 

I I I 
I 
I 

I I 

I I I 
I I I 

I I I ! I  I 
Based on par t ia l   information 

Dwgs not  available  €or  complete  analysis 

I I I I  - Lowest t o l e r a n c e   o f   c r i t i c a l  
mater ia l   appl icat ion 

Line  I n s t l ,  LH2 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Line   Ins t l ,  LOX -I 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

L i n e   I n s t l ,   F i l l  and  Drain 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

I I I 
1 

I I -  I 

Figure 2-8 
RADIATION HARDENING SUMMARY - S-I1 PROPELLANT FEED SYSTEM 

Subsystem Gamma Environment  (ergs/gm(C)) 
lo6  lo7  lo8 lo9  10 lo l o l l  

I I I I 

-Lowest tolerance of c r i t i c a l  v Tolerance i f  based upon a 
mater ia l   appl icat ion nonc r i t i ca l   ma te r i a l  

appl icat ion 
I 1 I 

. 



Figure 2-9 

RADIATION HARDENING SUt@ARY - S-I1 PRESSURIZATION SISTTM, LH2 AND M X  TANKS 

Subsystem 

Pressurizat ion System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance  as  Modified 

Vent  System, LOX Tank 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Pneumatic  Actuation  System 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Helium Pressure System 

Predicted Environment 

Tolerance  as  Designed 
Tolerance  as  Modified 

Helium In jec t ion  System 

Predicted Environment 

Tolerance  as  Designed 

Tolerance as Modified 

A t I I I 

I I I I 
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Figure 2-10 
RADIATION HARDENING SUMMAHY - S-I1 LEAK DETECTION AND PURGE SYSTEM 

Tolerance  as Designed 
Tolerance as Modified 

Conrmon  Bkd & J-Ring 
Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

-Lowest tolerance of mater ia l  
applications  not  considered 
c r i t i c a l  

Figure 2-11 

RADIATION HARDENING SUMMARY - S-I1 ELECTRICAL SYSTEM, GENERAL 

Subsystem 

Bracket   Ins t l  

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Harness I n s t l  

Predicted Environment 
Tolerance  as Designed 

Tolerance  as  Modified 

Electrical h s t l  
Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

Separation System 

Predicted Environment 

Tolerance  as Designed 

Tolerance  as  Modified 

lo6 
Gamma Environment  (ergs/gm(C 

lo7  lo8 lo9 10 

I I I 1 
I I I 

I 1  
I I  

I I I I 
I I 1 

I 11 

Lowest tolerance  of   mater ia l  
applications  not  considered 
c r i t i c a l  



Figure 2-12 

RADIATION HARDENING SUNbIARY - S-I1 ENGINE INSTALLATION 

Subsystem 

Support, Engine Service  Lines 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

LH2 Recirculation System 

Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

lo6  
Gama Environment  (ergs/gm(C)) 

lo7  lo8  lo9 10 lo 

I I V  
I I - Lowest tolerance of  c r i t i c a l  v Tolerance if based upon a 
mater ia l   appl icat ion nonc r i t i ca l   ma te r i a l  

appl icat ion 

Figure 2-13 

RADIATION HARDENING SUMMARY - S-I1 STAGE  STRUCTURE 

Subsystem 

Stage  Structure 
Predicted Environment 

Tolerance as Designed 

Tolerance  as  Modified 

Aft   Skir t   to   Thrust   Structure  

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

- 

Gamma Environment 
lo6  lo7  lo8 10 10 l1 

L 

lIIIIIIIIIIl Lowest tolerance  of  material  
applications  not  considered 
c r i t i c a l  



Figure 2-14 
- RADIATION HARDENING SUMMARY - S-I1 A'SULATION AND HEAT SHIELDS 

Subsystem T 
Heat Shield, Engine Base 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Insulation,  Stage 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Insulation,  Flanges,  LH2 Feedlines 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Insulation, Frame Structure 

Predicted Environment 

Tolerance as Designed 

Tolerance as Modified 

Diaphragm, Temp Control 

Predicted Environment 

Tolerance as Designed 
Tolerance as Modified 

Gamma Environment  (erFs/gm(C)) 
lo6 lo7 lo8 lo9 1o1O 10 

I I I I 
I I 

I I I I 

I 

IIUUiUN Lowest toleranceuf  material  
applications  not  considered 
c r i t i c a l  
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2.4 Summary of  Propellant  Shut-off Valve Analysis 

A 17-in.   rotary  shutoff  valve (Whittaker  Corporation; 

P/N 138025A), which was spec i f ica l ly   des igned   to   func t ion  as t h e  

LOX p reva lve   fo r   t he  SI-C s tage   o f   the   Sa turn  V ,  was redesigned 

and radiation  hardened by t h e  Whittaker  Corporation  for  poten- 

t i a l  appl ica t ion  as t h e  RNS hydrogen  tank  shut-off valve. A 

descr ip t ion  of these  design  modifications  and a discussion  of   the 

r a d i a t i o n  effects a n a l y s i s   f o r   t h i s  valve are g iven   in   Sec t ion  

VLII. These d a t a   i n d i c a t e   t h a t   r e l i a b l e   o p e r a t i o n  of the valve 

i s  expected a t  exposures up t o  1 x 1O1O ergs /gm(C) . 
2.5 Recommended Radiation Effects Tes t ing  

A l l  modified  components  and  systems w i l l  r e q u i r e   t e s t i n g   t o  

determine  their  compliance  with  system  requirements.  This test 

program will require  both  nuclear  and  non-nuclear tests i n  a 

vacuum environment a t  appropr ia te   t empera tures   p r ior   to   f ina l iza-  

t i o n  of design  configurations.  The recommended r ad ia t ion   t o l e rances  

f o r  most materials (Sec. IV) are based upon r a d i a t i o n   e f f e c t s  

tests performed a t  ambient  conditions,  although it is  r e a l i z e d  

t h a t  t h e i r  per formance   can   d i f fe r   s ign i f icant ly  a t  cryogenic 

temperatures  and  in vacuum. I n   g e n e r a l ,   r a d i a t i o n   s t a b i l i t y  

improves i n  a vacuum due to   the  absence  of  oxygen,  Teflon  being 

an  outstanding  example;  however, there are exceptions. The 

effects o f   c ryo tempera tu re   i n f luence   t he   r ad ia t ion   s t ab i l i t y   i n  

a random manner,  with some materials showing  marked  improvements 
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when i r r a d i a t e d  a t  cryotemperature  and o the r s  being more s t a b l e  

a t  room temperature. 

With t h e  possible  exception  of  Teflon, combined vacuum and 

cryotemperature   effects  are not   expec ted   to   g rea t ly   in f luence  t h e  

rad ia t ion   to le rance  limits used  in  t h i s  analysis .  However, it 

would c e r t a i n l y  be d e s i r a b l e   t o   r e f i n e  t h e  useable  limits of t h e  

more c r i t i ca l  materials t o  more accurately reflect t h e  inf luence 

of   the combined  environments. I f  combined environmental data 

are lacking,  either for   o rganic  materials used i n  t h e  Saturn V 

o r  new materials considered  for   use on t h e  RNS, such   tes t ing  

should  be  considered  mandatory. 

Some addi t ional   uncer tainty i s  i n j e c t e d   i n t o  any  discussion 

of r ad ia t ion   e f f ec t s  on materials i n   s p e c i f i c  RNS appl ica t ions  

due to   the   pauc i ty   o f   da ta   for  materials i r radiated  under   load 

and the   genera l   l ack  of da ta   for   repea ted  low-dose  exposures  over 

a long  period  of t i m e .  Both of these f ac to r s  are probably of 

l i t t l e  s ign i f i cance   fo r  many organic materials, p a r t i c u l a r l y  

r i g i d   p l a s t i c s  and those  used  without  being  under  any  particular 

load. However, materials under  load,  such as seals, O-rings, 

and valve seats, o r   sub jec t   t o   o the r  stresses or  wide  temperature 

va r i a t ions  may be  adversely  affected  to  a grea te r   ex ten t   than  

indicated by da ta  from s t a t i c  tests. 

A general  recommendation is ,  therefore ,  t h a t :  
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A s  RNS materials and appl ica t ions  become defined, these 
be   rev iewd from the   s tandpoin t  of t h e  adequacy  of t h e  
r a d i a t i o n  effects da ta  and  appropriate   tes t ing  be  ac-  
complished as required., 

I n  several in s t ances ,   add i t iona l   r ad ia t ion   e f f ec t s   da t a  

would  be  of  immediate  value i n   t h e   p r e d i c t i o n   o f  material per- 

formance on t h e  RNS. These are d i scussed   b r i e f ly  below. 

2.5.1 Teflon 

Teflon i s  t h e  most  widely  used  organic material i n  S-I1 and 

S-IVB components,  appearing i n  a var ie ty   o f   appl ica t ions  from 

one  end  of t h e   v e h i c l e   t o   t h e   o t h e r .  It has  outs tanding  value  for  

u se   w i th   l i qu id  hydrogen.  Since it  also  has   the  lowest  recom- 

mended rad ia t ion   to le rance   o f  a l l  the   o rganic  materials, a l a r g e  

number of components are a f f e c t e d  by the  perhaps  unnecessarily 

conservat ive limits used in   t h i s   ana lys i s .   Fo r   t h i s   r ea son ,  it 

appears   p rof i tab le  t o  perform  addi t ional   radiat ion effects test 

t o  more accurately  determine  the safe operat ing limits for   Teflon 

under  conditions more d i r e c t l y   r e l a t a b l e   t o  RNS appl ica t ions .  If 

t h e  recommended to le rance  level can  be  increased,   the  material 

can  be  specif ied  for   use  over  a g rea t e r   po r t ion  of t he   veh ic l e .  

Whether cons ide r ing   ex i s t ing   o r   t o t a l ly  new components,  Teflon 

i s  unexcelled for some appl ica t ions .  

2.5.2 Kynar 

Based on tests performed a t  Convair  Fort Worth i n  1965, Kynar, 

a vinylidene  f luoride  manufactured by t h e  Pennsalt  Corp., i s  
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rad ia t ion   res i s tan t   to   exposures   g rea te r   than  3 x 10" ergs/gm(C). 

These  data,  coupled  with i t s  mechanical  properties,  make Kynar a 

prime  candidate material f o r  use  in   radiat ion  hardened components. 

S ince   t he   r ad ia t ion   e f f ec t s   da t a  are very   l imi ted ,   addi t iona l  

t e s t i n g  i s  recommended f o r  Kynar seals, gaskets, O-rings, etc.  

i n   o r d e r   t o   i n v e s t i g a t e  t h e  mechanical  properties  of Kynar i n  

d i f f e ren t   app l i ca t ions  and t h e  inf luence of various  processing 

techniques.  (See  Section VI11 fo r   app l i ca t ions  of  Kynar  and a 

K y n a r  composite i n  t h e  modified  17-in. LOX prevalve.  This valve 

i s  scheduled f o r  t e s t i n g  i n  t h e  r ad ia t ion / l i qu id  hydrogen  environ- 

ment a t  Convair  Fort Worth i n  December 1971. 

2.5.3 Kel-F 

Kel-F has  useful  properties  over a wide  temperature  range. 

Important  uses are as seals, gaskets,  O-rings, valve seats,  and 

bearings. Data f o r  Kel-F i r r a d i a t e d   i n  a i r  ind ica t e  t h a t  i t s  

p rope r t i e s   de t e r io ra t e   r ap id ly  a t  doses  above  about 1 x lo9 ergs/ 

gm(C).  'In  vacuum i t s  p rope r t i e s  appear to   be   re ta ined   to   h igher  

dose levels, but t h e  da t a  are too few and sca t te red   over   too  

wide a dose  range  to   permit   def ini t ion  of  a val id   upper  l i m i t  

fo r   use .  T h i s  material, which i s  widely  used on the  Saturn V, 

cannot  be recommended for   use  in   the  high-dose areas of t h e  RNS. 

It i s  the re fo re  recommended t h a t   a d d i t i o n a l   t e s t i n g   i n  vacuum 

be  conducted to  determine t h e  upper limit f o r  i t s  use on t h e  

RNS . 
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2.5.4 Elastomers 

Elas tomers   (e .g . )   n i t r i l e ,   s i l i cone ,   u re thane)  are widely 

used  in   Saturn V components  and  can  be  expected t o  have numerous 

appl ica t ions  on t h e  RNS. The effects o f   r ad ia t ion  on elastomers 

genera l ly  varies widely  depending upon t h e   p a r t i c u l a r   p r o p e r t y  

measured. Some l imi ted  dat-a i n d i c a t e s ,   f o r  example, t h a t  com- 

press ion  set of some elastomers may become evident at  much lower 

doses when they are irradiated  under  compression.  Tensile  pro- 

p e r t i e s  may be a poor  indicator  of  elastomer  performance. 

I n   t h e   e a r l y  1960s, considerable   research was conducted t o  

develop  radiat ion  res is tant   e las tomers .   Radiat ion effects test- 

ing showed t h a t  many of these  formulations  did  indeed  have i m -  

p roved   r ad ia t ion   s t ab i l i t y  - i n  some cases by ve ry   s ign i f i can t  

amounts. Some of  these  products may be  commercially  available; 

o thers  may not.  In  any case, as the  requirements  for  elastomers 

on t h e  RNS become defined, these rad ia t ion   res i s tan t   e las tomers  

should  be  invest igated as p o s s i b l y   s u i t a b l e  materials. Addi- 

t i o n a l   t e s t i n g  w i l l  be   requi red   to   assure  t h a t  t h e  r ad ia t ion  

e f f e c t s   d a t a  are appropr i a t e   t o   t he   va r ious   app l i ca t ions .  

2 . 5.5 Hypergolic  Propellants 

Very l i t t l e  da ta   ex is t   regard ing  t h e  effects of   radiat ion on 

hypergolic  propellants  such as monomethyl hydrazine  or  nitrogen 

te t roxide .   Radia t ion   e f fec ts  tests must  be  performed to  determine 
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i f  hypergolic  propellants,   which are used i n   t h e   a u x i l i a r y   p r o -  

pulsion  system, w i l l  func t ion   proper ly   in   the  RNS environment. 

2.5.6 Hydraulic Hoses 

The Teflon-lined  hydraulic  hoses  used on t h e  S-I1 and S-IVB 

s tages   have  poor   radiat ion  res is tance.  The use  of  welded alumi- 

num o r  steel l i n e s ,  as recommended in   the   ana lyses ,  may not   be  

s a t i s f a c t o r y   f o r  a l l  appl ica t ions .   Therefore ,   the   t es t ing   o f  

f lex ib le   hoses   cons t ruc ted  of such materials as Teflon FEP, Kynar, 

o r   f iberg lass   l amina ted  w i t h  Kynar i s  recommended. 

2.5.7 Hydraulic  Fluid 

I f  a hydraulic  actuation  system i s  t o  be  considered  for 

use on t h e  RNS, add i t iona l   da t a  on hydrau l i c   f l u ids  w i l l  be re- 

quired. The petroleum-base  f luid  conforming  to   specif icat ion 

MIL-H-5606A which is  used for both  the S-I1 and S-IVB hydraulic 

systems  has a recommended tolerance  of  5 x lo8 ergs/gm(C). 

T h i s  i s  about  the  exposure t h a t  would  be  received i n  one  hour 

of engine  operation (at least a t  the   ac tua tor   pos i t ion) .   Fre-  

quent  replacement  of  the  f luid  or  use  of a remotely  located 

r e se rvo i r  would  both  add  undesirable  complications. The use  of 

Oronite 8515 ( r ad ia t ion   t o l e rance  of 5 x lo9  ergs/gm(C)) i s  a 

poss ib i l i t y ,   and  t h i s  and more recently  developed  f luids  should 

be  invest igated.  
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I11 . PROCEDURES 

3.1 Scope  of the  Analysis  

Components and  systems  of t h e  S-IVB and S - I 1  s tages ,   being 

representat ive  of   current   l iquid-hydrogen  fueled  vehicles ,   have 

been  analyzed to   determine  those components  which  can  be u t i l i z e d  

as present ly   des igned   or   the   modi f ica t ions   necessary   to   rad ia t ion  

harden them for  analogous RNS appl ica t ions .  The only  other  com- 

ponent  analyzed i s  the S-IC s t a g e  LOX shutoff  valve, which  has 

been   redes igned   for   po ten t ia l   appl ica t ion  as t h e  RNS propel lan t  

tank  shutoff valve. 

In  general,  systems  locat'ed on o r   nea r   t he  a f t  end  of t h e  

s tages  were s e l e c t e d   f o r   a n a l y s i s  on the  assumption  that  a 

similar loca t ion   on   the   nuc lear   vehic le  would be  necessary  or 

des i rab le .  It was evident   that   systems  located on the  forward 

end of t h e  nuclear  vehicle would b e   s a t i s f a c t o r y  from t h e  

standpoint of t h i s   ana lys i s ,   so   t hey  were considered  only  to  a 

minor  extent. 

It d id   no t  f a l l  wi th in  t h e  scope of t h i s   c o n t r a c t   t o  

e v a l u a t e   e l e c t r i c a l  and e l ec t ron ic  components unless   they were 

an i n t e g r a l   p a r t   o f  a mechanical  system.  In  addition,  those 

systems  involving  the  use  of  pyrotechnics  and  explosives are 

being  evaluated  separately  under  Contract NAS8-18024. Other- 

wise, a l l  of  the  major  mechanical  systems - including  the LH2> 
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LOX, hydraulic,  and  engine  systems - were inves t iga ted   in   o rder  

t o   ob ta in  a comprehensive  coverage  of materials and  components 

and   t he i r   app l i ca t ions .  

It was, of course,   necessary  to  exercise judgment i n   t h e  

number and  types of subsystems  invest igated  in   order   to   keep 

the  study  within  managea'lle limits. The S - I V B  stage  has  been 

broken down i n  cons iderable   de ta i l   and   the  S - I 1  s t a g e   i n  lesser 

d e t a i l ;  however, t h e  components and materials are general ly  

similar from the   r ad ia t ion   e f f ec t s   s t andpo in t .  

3.2 Saturn V Data 

The r ad ia t ion   ana lys i s  of Saturn V materials, components, 

and  systems was i n i t i a t e d  by the   acqu i s i t i on  from t h e  MSFC 

repos i tory   o f  t h e  top  assembly  drawing (10M15112) of vehicle 

AS-512.  From t h i s  drawing,  stage  assembly  drawings  for t h e  S-IVB 

(Drawing 1A39300-517) and S-I1 (Drawing V7-000002-2691) were 

iden t i f i ed .  Working down from the  stage  drawings,   drawings  for 

a l l  o f   t he  S-I1 and S - I V B  systems were ordered from t h e  MSFC 

reposi tory.  These  drawings were reviewed t o  identify  subsystems 

o r  components containing,   or   thought   to   possibly  contain,   radia-  

t i o n   s e n s i t i v e  materials, and  additional  drawings  and  specifica- 

t i o n s  were ordered. T h i s  process was  cont inued  unt i l   one of t h e  

following  ends was reached: 

1. The r a d i a t i o n   s e n s i t i v e  materigls were iden t i f i ed .  
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2 .  

3 .  

4.  

To 

The component or  subsystem  could  be  eliminated  from 
fur ther   considerat ion  based on t h e  absence  of  radia- 
t ion  sensi t ive  rnater ia ls   (where  "radiat ion  sensi t ive"  
i s  i n t e r p r e t e d   i n  terms of t h j s   ana lys i s ) .  

A p a r t  number 
iden t i f i ed .  

and vendor f o r  a commercial p a r t  was 

The pu r su i t  was discontinued  due t o  i n s u f f i c i e n t   d a t a  
o r   f o r  lack of time t o  fo l low up. A r e l a t i v e l y  small 
number of t h e   t o t a l  components i n v e s t i g a t e d   f a l l   i n t o  
t h i s  category,and it i s  believed t h a t  l i t t l e  i f  any 
basic  information was l o s t .  

obtain  information on t h e  materials used  in  comzercial 

components, p a r t  numbers and  vendor names were forwarded t o  

t h e  Contracting  Officer 's   Representative.  Letters were then 

s e n t  t o  the  vendors from the  Astronautics  Laboratory a t  MSFC 

request ing t h e  required  data .  Of i n q u i r i e s  t o  93 vendors, 

r e p l i e s  were received from 64. 

Per t inent   spec i f ica t ions   and   s tandards  were also  reviewed; 

these  included  those  of t h e  s t age   con t r ac to r s ,  NASA, and  the 

mi l i t a ry .  Data r e l a t e d   t o   t h e s e   s p e c i f i c a t i o n s  are tabula ted  

in   Sec t ion  4.2. 

The approximate numbers of drawings  and  other  data  sources 

u t i l i z e d   i n   t h e   i d e n t i f i c a t i o n  of materials and  applications 

are : 

S -1VB Drawings - 462 

S-IVB Speci f ica t ions  - 92 

S - I 1  Drawings - 272 

S - I 1  Spec i f ica t ions  - 130 
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MIL, MC, MS, AMs, and NAS Spec i f ica t ions  - 100 

Vendor Responses - 64 

3 .3  Baseline RNS Tank Configurations 

Data presented a t  t h e  f i rs t  in t e r im   b r i e f ing  of Phase 111 

of t h e  Nuclear  Shuttle  Definition  Study  (September 2 and  3, 

1970) have  been  used to   def ine   four   p rope l lan t /propuls ion   tank  

concepts,  namely (1) s ing le   t ank  w i t h  an  8.5-degree  conical 

a f t  bulkhead  (Fig.   3-l) ,   (2)  single  tank w i t h  a 15-degree 

c o n i c a l   a f t  bulkhead  (Fig.  3-2),  (3)  two-tank  hydrid  (Fig.  3-3), 

and (4) single  tank  modular  (Fig.  3-4); t h e  f i rs t  three of these 

tanks  have a nominal  300,000-lb LHZ capacity  and t h e  modular 

tank has a nominal  38,000-lb LH2 capacity.  

Since it w a s  evident  from t h e  Phase 111 d e f i n i t i o n   s t u d i e s  

t h a t  several configurat ions were s t i l l  under   act ive  considerat ion,  

r a d i a t i o n   f l u x   p r o f i l e s  were ca l cu la t ed   w i th in  and  along  the 

walls of t h e  tanks  for  each  configuration. The 15-degree 

conical   tank  configurat ion w a s  used as the   re fe rence   des ign   for  

predict ing  the  exposures  of t h e  components a t  t h e i r  assumed 

loca t ions .  The  assumption  of a d i f f e ren t   con f igu ra t ion   o r  a 

diff . . . rent  location on t h e  configuration  can  be  evaluated from 

t h e  r ad ia t ion   f l ux   da t a   g iven   i n   Sec t ion  V f o r  t h e  o the r  con- 

f igu ra t ions .  
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3.4 Radiation  Environment 

The r a d i a t i o n  levels used   in  t h i s  ana lys i s  are based on 

Aerojet  Nuclear  Systems  Corporation  source  data  for t h e  ful l - f low 

NERVA engine  given  in  Reference 4. The r a d i a t i o n   f i e l d  was 

assumed t o  be  unattenuated by any  external  shielding,  equipment,  

or   propel lant .   Therefore ,  t h e  pred ic ted   rad ia t ion  .levels used 

in   Sec t ions  VI, V I I ,  and VI11 are for   wors t -case   rad ia t ion  levels 

and 10 hours  of  engine  operation. A l l  subsystem  and component 

loca t ions  are taken  with  respect   to  t h e  15-degree  tank  configura- 

t ion .  

In   o rde r   t o   eva lua te   t he  effects of configuration  and  pro- 

pe l l an t   sh i e ld ing  on t h e  r a d i a t i o n  levels, mission-integrated 

gamma doses  have  been  computed f o r  each of   the  tanks shown i n  

Figures 3-1 through 3 - 4 ;  t hese   da t a  are given  in   Sect ion 5.2. 

The configurat ions are compared  from the   s t andpo in t   o f   t o t a l  

dose levels in   Sec t ion  2.2. 

3.5 Radiat ion  Effects  Data 

The r a d i a t i o n  effects d a t a   u s e d   i n   t h e   a n a l y s i s  are sum- 

marized  in  Section I V .  Experimental  data from many sources were 

reviewed i n   a r r i v i n g  a t  a relat ively  concise   compilat ion  of   data  

pe r t inen t   t o   t he   s tudy .  To ensure  completeness ,   l i terature  

searches were obtained from: 

1. NASA Scient i f ic   and  Technical   Information  Faci l i ty  
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2 Defense  Documentation  Center 

3 .  Radiation Effects Information  Center 

The r ad ia t ion   e f f ec t s   da t a   have  been  examined,  and recom- 

mended r ad ia t ion   t o l e rance  levels have been e s t ab l i shed   fo r   t he  

var ious  appl icat ions of  each material. The c r i t e r i o n   f o r  these 

recommended upper limits on exposure  dose is  t h a t  degradation 

i n  mechanical  properties  important  to  the  application  should  not 

be  great  enough t o  compromise t h e  functional  performance of t h e  

material . 
3 . 6  Radiation Hardening: Analysis 

The rad ia t ion   hardening   ana lys i s   descr ibed   here in  was per-  

formed i n  accordance w i t h  t h e  following  procedures: 

1. The top  assembly  drawings  of each s t age  were re- 
viewed  and  drawings of each  major  system were 
ordered from t h e  MSFC repos i tory .  These  drawings 
were examined  and each system  containing components 
which  might  be employed i n  t h e  RNS were se l ec t ed   fo r  
de t a i l ed   ana lys i s .  

2. Subsystem  drawings were inves t iga ted  for p o t e n t i a l  
appl icat ions  requir ing  organic  materials o r   o the r  
r a d i a t i o n   s e n s i t i v e  materials. Work shee ts  were pre-  
pared  to  fac i l i t a te  a thorough  and  complete  analysis 
of  each  subsystem.  In t h e  i n i t i a l   s u r v e y ,  a l l  com- 
ponents  suspected  of  containing  organic  or  other 
r a d i a t i o n   s e n s i t i v e  materials were l i s t e d  and  addi- 
t i ona l   r e sea rch  of component drawings,  standards , 
spec i f i ca t ions ,  and  vendor  data was performed u n t i l  
each   r ad ia t ion   s ens i t i ve  material and i t s  appl ica t ion  
could   be   ident i f ied   o r  t h e  materials of  construction 
could  be  determined. From these analyses,  a summary 
t a b l e   o f   r a d i a t i o n   s e n s i t i v e  materials and t h e i r  
appl ica t ions  was prepared. 
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3 .  The functional  requirements  of  each  application em- 
p loy ing   r ad ia t ion   s ens i t i ve  materials was examined 
and t h e  appl ica t ion  was c l a s s i f i e d   e i t h e r  c r i t i ca l  
or   no t  cri t ical ,  depending upon i t s  involvement  with 
respec t  t o  the  achievement  of a l l  RNS mission  goals. 
Th i s   c l a s s i f i ca t ion ,  which is  based upon engineering 
judgment, f ac i l i t a t ed   t he   r ad ia t ion   ha rden ing   ana lys i s  
by emphasizing t h e  components requir ing  modif icat ion 
and  more a c c u r a t e l y   r e f l e c t s   t h e   a b i l i t y  of t h e  com- 
ponent  or  system  to  perform i t s  required  functions.  

4. Data were compiled  concerning  the effects of   radia-  
t i o n  on the  mechanical  properties  of  each material 
i d e n t i f i e d   i n   S t e p  2 above  and f o r  each material con- 
s idered  as a replacement. Recommended r a d i a t i o n  
tolerances were establ ished  for   each material appl i -  
cat ion.  The b a s i s   f o r   t h e s e  recommended limits are 
d iscussed   in   Sec t ion  I V .  

5. Each  component o r  subsystem  analyzed w a s  examined 
w i t h  r e s p e c t   t o  i t s  relative placement i f  it were 
u t i l i z e d  on t h e  RNS. The predicted  nuclear   environ-  
ment of  each  Saturn V component and  system was 
determined by superimposing  the assumed locations  of 
each component onto t h e  p red ic t ed   r ad ia t ion   f l ux  
prof i le   descr ibed   in   Sec t ion  5.1. 

6 .  Each bas ic ,  i .e . ,  as designed,  system w a s  analyzed. 
The recommended l i m i t  for  each component was estab- 
l i s h e d  by t h e  lowest recommended r ad ia t ion   t o l e rance  
of material appl ica t ions  c r i t i c a l  t o   f l i g h t   s a f e t y  
o r  t h e  funct ional   performance  of   the  specif ic  component. 

7. The recommended tolerance  for   each component was then 
compared t o  t h e  predicted  nuclear   environment .   I f  
the  tolerance  exceeded  the  predicted  environment by 
a f ac to r   o f   t en   o r  more, i twas  cons idered   su i tab le  
f o r  t h e  application  under  investigation  and no addi- 
t i o n a l   a n a l y s i s  was performed. I f  t h e  recommended 
to le rance  was a t  least  as g rea t  as the   p red ic t ed  
environment  but  exceeded it by less than a fac tor   o f  
10 ,  a radiation  hardening  procedure was considered 
desirable.   Radiation  hardening was considered manda- 
t o r y   i f  t h e  recommended to le rance   d id   no t  meet t h e  
predicted  environment  and i f  t h e  appl ica t ion  was a l s o  
judged t o  be c r i t i ca l .  Modifications were recommended 
for   both c r i t i c a l  and non-cr i t ica l   appl ica t ions ;  
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however, t h e   a s s i g n e d   c l a s s i f i c a t i o n   f o r   n o n - c r i t i c a l  
appl ica t ions  i s  denoted  "non-crit ical .  11 

8. I n  most instances, radiat ion  hardening w a s  achieved 
through material s u b s t i t u t i o n ,  i.e., materials with 
low rad ia t ion   t o l e rances  were replaced by  more radia- 
t i o n   r e s i s t a n t  materials whose mechanical  properties 
can  satisfy  the  system  requirements.  However, several 
components  and  subsystems  could  only  be  radiation 
hardened  through  minor  design  modifications.  If  de- 
s ign  modif icat ions were bel ieved  to   be  necessary,  
these  changes  and  resultant improvements are discussed. 

9. I n  some instances,  recommendations  and  conclusions re- 
garding  usage of  r a d i a t i o n   s e n s i t i v e  materials could 
not  be made with  confidence  due  to   lack  of   radiat ion 
effects test data .   In   these  instances ,  recommendations 
are provided  in   Sect ion I1 regarding t h e  requirements 
fo r   add i t iona l   da t a   and   r ad ia t ion   e f f ec t s  tests. 

The assumptions  used i n  t h i s  a n a l y s i s   r e s u l t   i n  what  i s  

probably a wors t -case   s ince   the  maximum r a d i a t i o n  levels (un- 

a t tenuated)   for  10 hours  of  engine  operation were used,  and t h e  

recommended r ad ia t ion   t o l e rances   fo r  each material appl ica t ion  

were chosen to   be   conserva t ive .  

A 15-degree  conical  tank  configuration was used as a 

r e f e r e n c e   t o   i n d i c a t e  t h e  assumed  component locat ions.  The 

assumption  of a d i f f e r e n t  configurat ion o r  a d i f f e r e n t  loca t ion  

on the   conf igura t ion   can   readi ly   be   eva lua ted  from t h e  f l u x  

da ta   for   o ther   conf igura t ions   g iven   in   Sec t ion  V. The doses a t  

vehicle  locations  of  primary  concern - those  around  the  bottom 

of the   t ank  - are re l a t ive ly   une f fec t ed  by t h e  choice of con- 

f igu ra t ion ,   bu t   i n  moving forward  along t h e  tank walls r a t h e r  

s ign i f i can t   d i f f e rences  between  configurations are apparent. 
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The ana lyses   in   Sec t ions  V I ,  V I I ,  and V I I I ,  which are based 

on IO hours of engine  operation a t  f u l l  power, are assumed to   be  

unaffected by t h e  time sequence i n  which t h e   t o t a l   d o s e  i s  

appl ied,  The effects of shor te r   opera t ing  times o r   d i f f e r e n t  

r eac to r  power levels can  be  evaluated  simply by sca l ing  down 

t h e  given  doses. T h i s ,  of course,   ignores   the  possibi l i ty   of  

more se r ious   adve r se   e f f ec t s   r e su l t i ng  from periodic   engine 

operation  spread  over a per iod   of ,   sap ,   th ree   years .  It can 

be presumed t h a t  material degrada t ion   resu l t ing  from o the r  en- 

vironmental   or   operat ional   factors  would act  i n   a d d i t i o n   t o   t h e  

radiation,  but  the  consequences of cyc l ic   opera t ion  are l a r g e l y  

unexplored. It i s  known t h a t  vacuum and  cryotemperature al ter 

(usual ly   favorably)   the  radiat ion  response  of  some materials; 

where these   da t a  are ava i lab le   they  are pointed  out .   Further-  

more, radiation  induced  changes  in  organic materials are 

i r reversible   and  anneal ing  does  not   occur ,   so   in   this   respect  

the  assumption  of  accumulation  of  dose i s  va l id .  

The compilat ion  of   radiat ion  sensi t ive materials (Sec. IV) 

i s  quite  complete;  however,  in some ins tances   par t  materials 

were not   ident i f ied   e i ther   because  it was f e l t  no new informa- 

t i o n  would be  gained  or   due  to   the  unavai labi l i ty   of   vendor  

drawings  and  specifications.   This  condition i s  denoted i n   t h e  

t a b l e s   o f   r a d i a t i o n   s e n s i t i v e  materials, e.g.,  Table 6-3 ,  by 

e i t h e r  N/A o r  N/R, where N/A des igna tes   tha t  no attempt w a s  made 
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to   obtain  the  drawings  or   specif icat ions  and N/R ind ica tes  t h a t  

t h e  drawings were requested  but  not  received. 

Obviously, t h e  predicted  nuclear  environment  can  be  lessened 

by either r e loca t ing  t h e  component i n  a region  fur ther  away from 

t h e  r e a c t o r   o r  by placing t h e  component behind a s h i e l d ;  however, 

these radiation  hardening  techniques were n o t   u t i l i z e d   i n  t h i s  

analysis  because t h e  purpose of t h i s   s tudy  was t o  determine i f  

t h e  components could  be  radiation  hardened. 

Radiation  hazdening was accomplished  primarily  thro ,...g'n 

material subs t i t u t ion ,   i . e . ,   r ep lac ing  t h e  r a d i a t i o n   s e n s i t i v e  

materials which have low  recommended tolerances w i t h  r a d i a t i o n  

s t a b l e  materials having  mechanical  properties  thought  to  be 

compatible  with t h e  requirements of t h e  pa r t t cu la r   app l i ca t ion .  

It is  recognized  that   redesigning a Component w i t h  new mater ia l s  

t o  have  the same operat ing characteristics and size  envelope  as 

or iginal ly   designed is  not  easy,  as i s  i l l u s t r a t e d   i n  t h e  e f f o r t  

to   rad ia t ion   harden  t h e  S-IC LOX p reva lve   fo r   l i qu id  hydrogen 

usage on t h e  RNS (Sec, VIII). The  recommended material subs t i -  

t u t ions  were based  largely upon t h e  replacement material pro- 

viding  the  required  mechanical   s t rength  in   the  predicted  nuclear  

environment. Material processing  techniques, which may have 

been t h e  c r i te r ia  employed i n   t h e   o r i g i n a l   m a t e r i a l   s e l e c t i o n ,  

might  prevent  usage  of materials se l ec t ed  on t h e  bas i s  of r ad ia -  

t i on   s t ab i l i t y .   Eng inee r ing  judgment was t h e  bas i s  forrecommended 
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material s u b s t i t u t i o n s ,  however, t h e  component o r  material might 

be   r equ i r ed   t o   s a t i s fy  a unique  design o r  system  requirement. 

Therefore, component designers,  familiar with a l l  design  aspects ,  

must  examine t h e  recommended design  modifications  and  in some 

instances must select alternate materials. To f a c i l i t a t e   t h i s  

a l te rna te   se lec t ion ,   Table  2-1 has  been  prepared. It summarizes 

t h e   b e s t  materials for  each  type  of  application.  In many in-  

s tances  t h e  design  can  be  modif ied  to   e l iminate   organic  materials. 

These  improvements  can  only  be  incorporated by t h e  component 

designer  who i s  familiar  with  system  requirements. 
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IV, RADIATION EFFECTS DATA 

The  recommended  radiation  tolerances,  i.e,  the  maximum  recom- 

mended  exposure  levels,  for  various  Saturn V applications  of 

radiation  sensitive  materials  are  presented  and  discussed in this 

section,  Table 4-1 lists  the  identified  materials,  their  appli- 

cations,  and  the  radiation  tolerances  based on data  summarized 

in subsequent  subsections;  Table 4-2 gives  supplementary  infor- 

mation  for  materials  described  by  military  and  stage  contractor 

specifications.  The  recommended  limits  are  conservative  for  the 

following  reasons : 

The  recommended  tolerances  are  predicated  upon 
radiation  damage  to  the  least  radiation  stable 
chemical  formulation  of  the  particular  class 
or  type of material. 

The  limits  are  established  below  the  exposure 
required  to  degrade  the  mechanical  properties 
sufficiently  to  compromise  the  functional  per- 
formance of the  material  as  used. 

The  recommended  tolerances  are  based  primarily 
upon  tests  conducted in air,  although it is 
realized  that most organics  have  higher  thresholds 
for  damage in the  space  environment  where  oxygen 
is  excluded.  Limits  were  based  upon  data  from 
tests  conducted in a vacuum  when  sufficient 
test  data  are  available  or  whenever  test  data 
indicate  the  material  properties  of  interest 
degrade  at  lower  exposures in a vacuum  than 
in air.  Data  from  tests  conducted  at  cryotem- 
peratures  were  considered  when  available. 

The  recommended  limits  were  established  conservatively 

because (1) a high  confidence  level  is  required  for  the  mission, 



Material 

Aclar 

Buna N 

Diallyl 
Phthalate 

Kel-F 

Kynar 

Kynar  Composite 
with Teflon & 
Fiberglass 

Mylar 

Table 4-1 

RECOMMENDED RADIATION TOLERANCES 
FOR ORGANIC MATERIALS 

Application 

Elastomers and Plastics 

Sleeves 

Hoses 
Gaskets, seals,  O-rings, and 

Sealants 
Packing 
Grommets 

retainer  rings 

Insulation,  electrical  
Molded parts 

Potting 

Seals,  gaskets, and valve  seats 
O-rings 
Bearings 
Rings, retainer 
Insulation,  electrical  
Spacers and washers 

Insulation,  electrical  
Seals,  gaskets, & backup rings 
Spacers & pads 

Seals 

Seals & gaskets 
Diaphragms 
Backup rings 
Insulation,  electrical 
Tape, e lec t r ica l  
Liners 

2x1~9 

1x108 
lX109 
8x109 

1x10;; 
1x10 

2x1010 

1x1010 



Table 4-1 

Material 

~~ 

Neoprene 

Nylon 

Phenolics 

Phenolics, 
Cot ton  Filled 

Polycarbonate 

Polyethylene, 
Aluminized 

Po lyimide 

Polyolefin, 
Irradiated 

Polyurethane 

Rubber, 
Natural 

Rubber, 
Asbestos 
Fil led 

RECOMMENDED RADIATION TOLERANCES 
FOR ORGANIC MATERIALS (cont’d) 

Application 

Seals 
Insulation,  electrical  
Fabric and cord 
End plugs,  inser ts ,  and fasteners 

Molded parts 

Spacers 
Laminated rods 

Molded parts 

Liners 

Insulation,  electrical  
Varnish,  insulation 
Tape, e lec t r ica l  
Seals,  valve  seats, and gaskets 
Spacers and  backup rings 

Sleeves 

Insulation, thermal 
Spacers 
Po t t ing  and molding 

Gaskets and seals 
Tape, e lec t r ica l  

Seals and gaskets 
Spacers 
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6x108 
1x109 
~ 0 9  

5x108 
3x109 
3x109 
3x109 

lXlO1O 

3x10’ 
3x109 

4x109 

1x109 

3x1010 

3x10’ 



Silicone Rubbe] 

Silicone Resin 

Teflon TFE 

Teflon FEP 

Table 4-1 
RECOMMENDED RADIATION TOLERANCES 
FOR ORGANIC MATERIALS (cont  'd) 

Application 

Gaskets, seals,  & O-rings 
Insulation,  electrical  
Sealants 
Packing 
Tap e 
Inserts 
Insulation, thermal 
Molding 
Grommets 
Sleeves & tubing 
Spacers 
Liners 
Potting 

Coatings 
Primers 

Hoses 
Gaskets, seals,  & valve  seats 
Retainer  rings 
Packing & O-rings 
Tape 
Bushings & bearings 
Inserts 
Backing for  explosives 
Face coated  seals. 
Insulation,  electrical  
Grommets 
Adapters, pads, & spacers 
Sleeves 

Gaskets and seals 
Bearings 
Retainer  rings 
Packing & O-rings 
Insulation,  electrical  
Grommets 
Adapters , pads, & spacers 
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8x108 
1x109 
1x109 
1x109 
1x109 
1x109 
2x1~9 
2x1~9 
2x109 
2x109 
2x109 
2x109 
2x109 

1x10~0 
1x10~0 

3x106  6 
7x10 
7x106 
7x106 

3x107 
3x10, 7 

2x107 

7x108 
7x108 
7x108 
7x10; 
1x10 
1~109 
1x109 



Table 4-1 

RECOMMENDED RADIATION TOLERANCES 
FOR ORGANIC MATERIALS (cont'd) 

MAterial 

Teflon,  Asbestos 
Fil led 

Teflon,  Fiberglass 
Fi l led 

Viton A 

Polysulfide 
Polyurethane 
EPOXY 
Buna N 
Silicone 

Phenolic 
EPOXY 
Polyurethane 
Polyester 
Silicone 

MIL-H-5606 
Oronite 8515 
Silicone (DC-510) 
Silicone (DC-710) 
Halocarbon 
Drilube  (Teflon) 

Application 

Spacers 

Seals, gaskets, & valve seats 
Bearings 
Inserts 
Retainer and  backup rings 
Tubing 
Spacers & pads 

Ring seals 
O-rings 

Adhesives 

Adhesive 
Adhesive 
Adhesive 
Adhesive 
Adhesive 

Fiberglass Laminates 

Spacers and doublers 
Spacers and doublers 
Spacers and doublers 
Spacers and doublers 
Spacers and doublers 

Fluids and Lubricants 

Hydraulic f luid 
Hydraulic fluid 
Lubricant 
Lubricant 
Grease 
Grease 
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5x10; 
8x10 
8x109 
lxl010 
1x10~0 
lxl010 

6x109 
6x109 

6x109 
1x10~0 
l X l O l 0  10 
1x10 
1x10 

2x1o10 
2x1010 
2x10 10 

2x1011 
6x10 

5x108 
5x10; 
8x10 
1x10~0 
1 ~ 1 0 9  
1x108 



Leather 
Cork 

Table 4-1 
REiCOMMENDED RADIATION TOLFZANCES 
FOR ORGANIC MATERIALS (cont'd) 

Miscellaneous Materials 

Backup rings 
Insulation 
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Recormnended 
Tolerance 

(ergs/gm(C>> 



Table 4-2 
RECOMMENDED RADIATION TOLERANCES FOR MATERIALS IDENTIFIED BY SPECIFICATIONS 

Specification 

1P20001 
1P20005 

1P20011 
1P20014 
1P20016 

1P20025 
1P20040 
1120056 

1120057 

1P20066 

1120075 
1P20098 
1P20111 

AB0150-001 
AB0150-006 
(Type w 
AB0150-007 
AtlS 3209 

AIG 3302 
AIG 3650 

AIG 3651 
AIG 3653 
AIG 7271 

L-T-100 

MBO120-008 
MB0120-023 
MB0120-024 
MB0120-041 
MB0130-015 

Description 

Adhesive, RTV 

Adhesive, n i t r i l e  
type 

Foam 
Adhesive, RTV 

Potting & cable 
molding 
Adhesive, f lexible 
Primer 
Lubricant 

Sealant 

Primer 

Adhesive, f lexible 
Adhesive 
Primer 

Tubing 
Vir e 

Wire 
Packing 

Grommets 
Holded rubber: 

Bearing 
Insert  
Gasket 

Seal 
Tubing 
Backup rings 

Tape, identification 

Adhesive 
Adhesive 
Sealant 
Sealant 
Molded p l a s t i c  

Basic Material 

Epoxy base 
Acrylonitrile  rubber 
with  phenolic adhe- 
sive 
Polyurethane 
Silicone  rubber 

Polyurethane 

Modified epoxy 
Silicone  rubber 
Perfluorinated 
aliphatic 
Synthetic  rubber 

Synthetic  rubber 

Polyurethane  base 
Polysulfide  rubber 
Silane  base 

Teflon TI?E 
Teflon TFE insul. 

Teflon TFE insul. 
Synthetic  rubber 

Silicone  rubber 

Ke 1-F 
Kel-F 
Ke 1-F 
Teflon TFE 
TGflon TFE 
Synthetic  rubber 

Cellulose  acetate 
and sil icone adhe- 
sive 
Epoxy base 
Modified eposy 
Polyurethane  resin 
Silicone  rubber 
Polyurtheane 
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Recommended 
Tolerance 

(ergs/gm(C)) 
1x10~0 

1x10~0 

1x10~0 
1x10~0 

1x10~0 

1x10~0 
1x10~0 
1x108 

lX109 

1x10~0 

1x10~0 

1x10~0 

1x108 
1x108 

1x108 
lX109 

2x109 

2x109 

lX109 

1x108 
iX109 

2x109 

6x10' 

8x10' 

7x106 

1x10~0 
l X l O l 0  

lXlO1O 

lX109 
1x10~0 

Basis for  Recommendation 

See Section 4.4 
Similar t o  Buna N adhesives; 
6ee Section 4.4 

See Section 4.3.15 
See Section  4.4 

See Section 4.3.15 

See Section  4.4 
See Section 4.3.18 
See Section  4.6.2 

Requirements can be met with 
silicone  rubber;  see  Section 
4.3.18 
Requirements can be met with 
silicone  rubber;  see  Section 
4.3.18 
See Section  4.4 
See Section  4.4 
Similar  to  silicone  primer; 
see  Section 4.3.18 
See Section 4.3.19 
See Section 4.3.19 

See Section 4.3.19 
Requirements can be met with 
neoprene; see  Section 4.3.8 
See Section 4.3.18 

See Section  4.3.5 
See Section 4.3.5 
See Section  4.3.5 
See Section 4.3.19 
See Section 4.3.19 
Requirements can ,be  met with 
dimethyl  siloxane  silicone 
rubber;  see  Section 4.3.18 
Exposure i s  25%  damage thres- 
hold  for  both  tensile strength 
6r elongation (Ref. 5, p. 94) 
See Section  4.4 
See Section 4.4 
See Section 4.3.15 
See Section 4.3.18 
See Section 4.3.15 



Table 4-2 (continued) 
RECOMMENDED RADIATION TOLERANCES  FOR MATERIALS IDENTIFIED BY SPECIFICATIONS 

Specification 

MBO130-019 

MB0130-020 
MBO130-034 
MBO103-052 

MBO130-053 
11Bo130-060 
MBO130-069 
MBO130-077 
MBO135-021 
MBO150-025 
MBO295-009 
MC252C4TA 
MC266B-xxx 
MC266J-xxx 
MIL-A-5092 

MIL-A-7021 
MIL-A-17472 

MIL-C-5015 

MIL-G-3036 

MIL-G-5510 

MIL-H-5606A 
MIL-1-631 

MIL-1-002707 
MIL-1-17091 

MIL-1-18057 
MIL-1-22129 
MIL-"14 
MIL-"19833 
MIL-P-997 

MIL-P-3115 

MIL-P-5315 

Description 

Rubber composition: 
Seal 
Sealant 
Adhesive 

Insulation 
Insulation 
Bearing 
Spacer 
Seal 
Seal 
Insulation 
Insulation 
Fabric 
Tubing 
Gasket 
Face coated  seal 
Packing 
Packing 
Adhesive: 

Type 1 
Gasket 
Gasket 
Spacer 
Connector: 

Inser t  
End plug 

Grommets 

Preformed packing 

Hydraulic f lu id  
Insulation,  electrical 

Insulating  varnish 
Molded par ts  : 

Type G 

Seal 
Insulation,  sleeve 
Insulation,  tubing 
Molding 
Insulation 
Washer, insulation 

Plastic  sheet 

Preformed packing 

Basic Material 

Silicone  rubber 
Silicone  rubber 
Silicone  rubber 
Cork 
Silicone rubber 
Teflon FEP 
Teflon FEP 
Kel-F 
Mylar 
Polyurethane 
Polyurethane 
Nylon 
Teflon 
Teflon 
Teflon WE coated 
Buna N 

Silicone rubber 

Natural  rubber 
Asbestos/rubber 
Asbestos/rubber 
Asbestos/rubber 

Silicone rubber 
Nylon 
Synthetic  rubber 

Synthetic  rubber 

Petroleum base 

Hylar 
Polyimide 

Nylon 
Silicone  rubber 
Teflon TFE 
Diallyl  phthalate 
Diallyl  phthalate 
Laminated silicone 
rubber 6 fiberglass 
Laminated paper and 
phenolic res in  
Synthetic  rubber 
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Recommended 
Tolerance 

(ergs/gm(C)) 

8x108 
lX109 
1x10~0 
l X l O l 0  

2x109 

lX109 
lX109 

1x10~0 
1x10~0 

1x108 

1x108 
1x10~0 
lX109 

1x10~0 

7x108 

6x10' 

3x10' 

7x106 

5x10' 
5x10' 
3x1010 

lX1o9 

2x109 

lX109 

3x10' 

5x108 

l X l O l 0  

1x10~0 

5x108 
2x109 
1x108 
2x1010 
2x1010 
2x1011 

1x10~0 

6x109 

Basis for  Recommendation 

See Section 4.3.18 
See Section  4.3.18 
See Section  4.3.18 
See Section  4.7.2 
See Section  4.3.18 
See Section 4.3.19 
See Section 4.3.19 
See Section  4.3.5 
See Section  4.3.7 
See Section  4.3.15 
See Section  4.3.15 
See Section 4.3.9 
See Section 4.3.19 
See Section 4.3.19 
See Section 4.3.19 
See Section  4.3.2 
See Section 4.3.18 

See Section  4.4 
See Section 4.3.17 
See Section 4.3.17 
See Section 4.3.17 

See Section  4.3.18 
See Section 4.3.9 
Requirements  can be  met with 

4.3.18 
silicone  rubber;  see  Section 

Requirements  can be  met with 
s i l icone rubber;  see  Section 
4.3.18 
See Section 4.6.1 

See Section  4.3.7 
See Section  4.3.13 

See Section 4.3.9 
See Section  4.3.18 
See Section 4.3.19 
See Section  4.3.3 
See Section  4.3.3 
See Section  4.5 

See Section  4.5 

Requirements  can  be met with 
Buna N (Sec.  4.3.2) o r  Viton 
A (Sec.  4.3.21) 



Table 4-2 (continued) 
RECOINENDED RADIATION TOLERANCES  FOR MATERIALS IDENTIFIED BY SPECIFICATIONS 

Specification 

MIL-P-5516 

141IL-P-15035 

MIL-P-18177 

MIL-P-25732 

1U.L-P-25988 
MIL-R-79 

MIL-R-003065 

MIL-R-5521 
14IL-R-5847 

MIL-R-9300 

MIL-R-25897 

MIL-S-8784 

HIL-S-8802 

ML-STD-417 

MIL-T-713 
MIL-T-9906 

MIL-T-22742 

MIL-T-23594 

141L-T+583 

ML-I+7139 
MIL-W-16878 

Description 

Preformed packing 

Laminate 

Laminate 

Preformed rubber: 
Packing 

Seals 

Packing 
Laminated rods 

Rubber composition: 
Type 
Type Rs 

Backup washer 
Rubber composition: 

Seal 
Inser t  

Resin for  laminating 
fiberglass  cloth 
Preformed rubber: 

Seals 
Packing 

Sealant 

Sealant 

Sealant 

Rubber composition: 
Type RS 

Type RN 
Twine 
Tape, i d e n t i f i c a i d n  

Tape, e l ec t r i ca l  

Tape, e l ec t r i ca l  

Itire,  insulated: 
Class 220" 
Class F 

Wire, insulated 

Tarire, insulated: 
Type 3 
Type 4 

Basic  Material 

Synthetic  rubber 

Cotton fabric and 
phenolic  resin 

Epoxylfiberglass 

Synthetic  rubber 

Synthetic  rubber 

Silicone  rubber 
Cotton fabric and 
phenolic  resin 

Natural  rubber 
Synthetic  rubber 
Leather 

Silicone  rubber 
Silicone  rubber 
Epoxy base 

Viton A 
Viton A 

Synthetic  rubber 

Polysulfide  rubber 

Synthetic  rubber 

Synthetic  rubber 

Natural  rubber 
Waxed nylon 
Polyester backing 
w/silicone  adhesive 

~'2flon TFE backing 
wlsilicone  adhesive 
Teflon TFE backing 
w/silicone  adhesive 

Polyimide 
Synthetic  fiber 

Teflon TFE 

Teflon TFE 
Teflon FEP 
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Recommended 
Tolerance 

(ergsIan(C>) 

1x10~0 

3x109 

2x1010 

1x10~0 

lX1o9 

lX109 
3x10' 

1x1010 
1.~109 
5x109 

8x108 
lX109 
2x1010 

6x10' 
6x10' 
5x109 

5x109 

~ 0 9  

1.~109 

l X l O l ( J  

2x109 

m o 7  

2 x 1 ~ 7  

1x1010 

3x10' 

3x10' 

1x108 

1x108 
lX109 

Basis for  Recommendation 

Requirements can be met with 
Buna N; see  Section 4.3.2 

See Section 4.3.10 

See Section 4.5 

Similar  to Buna N ;  see 
Section 4.3.2 
Similar  to Buna N; see 
Section 4.3.2 
See Section 4.3.18 
See Section 4.3.10 

See MIL-STD-417 

See Section  4.7.1 

See Section 4.3.18 
See Section 4.3.18 
See Section  4.5 

See Section 4.3.21 
See Section  4.3.21 
Requirements can be met with 
polysulfide  rubber;  see below 
Elongation  decreases 50%; 
tensile  strength  decreases 
25% (Ref. 5, p. 113) 
Requirements can be m e t  with 
silicone  rubber; see Section 
4.3.18 

Similar  to  silicone  rubber; 
see  Section 4.3.18 
See Section 4.3.16 
See Section 4.3.9 
Exposure is 25%  damage thres- 
hold  for  both  tensile  strengtl 
& elongation (Ref. 5, p. 94) 
See Section 4.3.19 

See Section 4.3.19 

See Section 4.3.13 
Specification  can be met w i t h  
nylon; see  Section 4.3.9 
See Section 4.3.19 

See Section 4.3.19 
See Section 4.3.19 



Table 4-2 (continued) 
RECOMMENDED RADIATION TOLERANCES  FOR  MAlERIALS  IDENTIFIED BY SPECIFICATIONS 

Specification 

IIMEI-A-188 
MS 21266 
MS 28774 
MS 28775 

MS 28777 
MS 28778 

NS 28782 
MS 29512 

MS 29513 

MSEC-222 
MSEC-276 
NAS-1593 

PPP-T-97 

RAO106-004 
RAO106-035 
RBO120-005 
RBO130-005 
RBO130-007 
RBO130-009 
RBO130-039 
RBO130-064 
RBO130-065 

RBO130-068 
RB0150-009 
RB0150-015 
RBO150-019 
RB0150-028 
RBO150-029 
-14-1010 

22-R-765 

Description 

Adhesive 
Grommet 
Retainer 
Packing 

Backup ring 
Packing 

Retainer 
Preformed  packing 

Preformed  packing 

Potting 
Tubing 
Packing 

Tape, ident i f icat ion 

Potting 
Potting 
Potting 
Gasket 
Seal 
Retainer  ring 
Seal 

Tubing 
Molding 
Insulation,  thermal 
Tubing 
Cable, jacket 
Wire, e l ec t r i ca l  
Wire, e lec t r ica l  
Cable, jacket 
Receutacle. e lectr ic ;  s l  : 

kser t  
h d  plug Nylon I Silicone rubber 

Rubber composition: 
Liner 
Grommet 

Basic Material 

Urea resin 
Teflon TFE 
Teflon TFE 
Synthet5c  rubber 

Leather 
Synthetic rubber 

Teflon TFE 
Synthetic  rubber 

Synthetic  rubber 

Epoxy base 
Irradiated  polyolefir 
Synthetic Rubber 

Polyester  rein- 
forced  with  fiber- 
glass  filaments 
Epoxy, s i l i c a   f i l l e d  
Silicone  rubber 
Silicone rubber 
Kel-F 
Teflon FEP 
Kel-F 
Mylar 
Not received 

Silicone rubber 
Silicone rubber 
Silicone foam 
Not received 
Teflon FEP 
Teflon TEE 
Teflon TEE insulated 
Teflon FEP 

Silicone rubber 
Silicone rubber 

I 

Recommended 
Tolerance 

(ergs/gm(C)) 

1x10~0 
1x108 

1x10~0 

5x10' 

7x106 

lX1o9 

7x106 
6x109 

6x10' 

2x1010 
3x109 
lxl010 

2x1010 

2x1010 
2x109 
2x109 
lX109 
7x10' 
5x109 
6x109 

2x109 
2x109 
zX1o9 

lX109 
1x108 
1x108 
lX109 

lX109 

2x109 
2x109 

3x10' 

~ ~ ~ ~ ~~~~ 

Basis for  Recommendation 

See Section 4.4 
See Section 4.3.19 
See Section 4.3.19 
Requirements can be met with 
Buna N ;  see  Section 4.3.2 
See Section  4.7.1 
Requirements  can be  met with 
s i i icone rubber;  see  Section 
4.3.18 
See Section 4.3.19 

I with Buna N (Sec. 4.3.2) 
Requirements  can be met 

o r  Viton A (Sec. 4.3.21) 

See Section 4.3.4 
See Section 4.3.14 
Requirements  can be  met with 
Buna N; see  Section  4.3.2 
See Section  4.5 

See Section  4.3.4 
See Section  4.3.18 
See Section 4.3.18 
See Section  4.3.5 
See Section  4.3.19 
See Section  4.3.5 
See Section 4.3.7 

See Section  4.3.18 
See Section 4.3.18 
See Section 4.3.18 

See Section  4.3.19 
See Section 4.3.19 
See Section  4.3.19 
See Section 4.3.19 

See Section  4.3.18 
See Section 4.3.9 

See Section 4.3.18 
See Section 4.3.18 
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and (2) component designers must be alert t o  potent ia l  problems 

which might resul t  from indiscriminate usage o r  fa i lure  t o  ade- 

quately  specify materials. Component designers  should  be  cogni- 

zant  of  the  following  information i f  deviations from the recom- 

mended tolerances are necessary: 

1. Most materials  retain their useful properties 
t o  higher  exposures i n  vacuum than i n  air .  

2. Antirads,  i.e. chemical compounds which increase 
radiation  stabil i ty,  can  be compounded with most 
elastomers t o  increase  the recommended limits t o  
exposures ten times greater  than  the  tolerances 
recommended i n  Table 4-1. 

3.  Oriented  films have greater  radiation  stabil i ty 
than the random polymer. 

4. Polymers fi l led  with  f iberglass  or  similar ma- 
t e r ia l s   a re  much stronger  than  unfilled poly- 
mers. 

Table 4-3 l i s t s  several  radiation  resistant  materials  that 

are  relatively  unaffected  at exposures below 1 x 1 O I 2  ergs/=((=). 

In many instances,  they can be used t o  radiation harden components 

and systems. For example, ceramic inser t s  can  be  used t o  re- 

place  organic  inserts  in  electrical  connectors. Other applica- 

tions of these  radiation  stable  materials  are  discussed  in  the 

radiation hardening  analyses found i n  Sections V I ,  V I I ,  and V I I I .  

4.1 Radiation  Tolerances  for  Organics 

Table 4-1 summarizes the recommended radiation  tolerances 

for  various  applications of radiation  sensitive  materials. Sup- 

porting  test  data and the  cr i ter ia  used in  establishing  these 
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Table 4-3 

MATERIALS ESSENTIALLY UNAFFECTED BY RADIATION I N  AREAS 
ABOVE UPPER THRUST  STRUCTURE 

Material 

Metals 

Asbestos 

Fiberglass  

Ceramics 

Solid-Film 
Lubricants 

Comment 

Mechanical  properties  of  metals are not   a f -  
fected when i r rad ia ted   wi th  fast neutrons 
to   f luences us to ,  and usual ly   greater   than,  
1 x 1016 n/cm . 

Mechanical  properties were not   affected when 
i r rad ia ted   wi th  fast neutrons  to   f luences 
greater   than 1 x lozo n/cm2. 

The thresholds   for  damage are about 2 X lo1’ 
n/crn2 and 1 x 1O1I ergs/gm(C) (Ref. 5, P. 
634). 

Ceramic mater ia ls ,  as a c l a s s ,  are radia- 
t i on   r e s i s t an t .  No changes i n  mechanical 
properties  hfze  been  noted  at  exposures 
below 1 x 10 ergs/gm(C). However, F-center 
formation  and  color  changes  can  be  expected 
a t  exposures  above 1 x 109 ergs/gm(C) (Ref. 
5, P.  43) 

Solid-film  lubricants  of  non-organic  base, 
e.g. ,   graphite or  MoS base,   are   not   af-  
fected a t  exposures o$ up t o   a t  least 1 x 
1011 ergs/gm(C). 

limits  are  discussed in Sections 4 . 3  through 4.7:  plastics  and 

elastomers  are  discussed in Section 4 . 3 ;  adhesives  are  discussed 

in Section 4 . 4 ;  fiberglass  laminates  are  discussed in Section 4.5 ;  

organic  fluids  and  lubricants  are  discussed in Section 4 . 6 ;  and 

miscellaneous  radiation  sensitive  materials  are  discussed in 

Section 4.7. 

4.2 Specifications  Pertaining  to  Organics 

Table 4-2 gives  the  recommended  radiation  tolerances  for 

various  materials  identified  by  military  and  stage  contractor 

specifications. In situations in which  the  material  was  not 
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explicit ly  stated,   the  least   radiation  stable  material  which 

could satisfy  the requirements was assumed t o  be  used. The bases 

for  these recommendations are  described  in  Sections  4.3 through 

4.7. 

4.3 Data Summary for  Plastics and Elastomers 

4.3.1 Aclar 

Aclar i s  a fluorocarbon  film (polychlorotrifluoroethylene) 

manufactured by Allied Chemical Corporation. The effects  of 

radiation on Fluorthene, which i s  also a polychlorotrifluoro- 

ethylene, are given below (Ref. 5, p. 94): 

Property Affected Damage a t  Dose i n  ergs/gm(C) 
Incipient 25% 50% 

Tensile  strength 
4x10; 

8x109 1x10~0 
Elongation 4x108 

1. 8x109 4x109 
Impact strength 4x10 1. 8x109 4x109 

Sleeves. The recommended radiation  tolerance of Aclar 

sleeves, 2 x 10 ergs/gm(C), i s  the exposure a t  which i t s  elonga- 9 

t ion and impact strength  begin t o  degrade very  rapidly. 

4.3.2 Buna N 

Buna N,  a n i t r i l e  butadiene  rubber, i s  employed for  various 

applications throughout the  Saturn V system. Radiation effects 

t e s t  experience  indicates: 

1. Buna N appears t o  be less satisfactory when 
i r radiated  in  a vacuum than when irradiated 
i n   a i r   a s  i s  evidenced from the  following  data 
(Ref. 6 ,  p. 61): 
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Exposure  (ergs/gm(C)) 
Mechanical  Property In Vacuum In A i r  

25%  Damage for  Elongation 1. 5x109 3x109 
50% Damage for  Elongation 2 x 1 ~ 9  6x109 
25%  Damage for   Tens i le   S t rength  2x109 1 x 1 0 ~ 0  
50%  Damage for   Tens i le   S t rength  8x109  Not reached 

a t  2x1010 

2. 

3. 

4. 

5. 

6. 

The mechanical  properties  of Buna N O-rings were 
inves t iga ted   in   bo th  a i r  and vacuum a f t e r  irra- 
d i a t ion  to exposures up t o  1 x 10'' ergs/gm(C) 
wi th   r e su l t s  lower  than  those shown i n  Item 1 
above by a fac tor   o f  3 (Ref. 7 ,  p.  84). 

The e f f e c t s  of  rad ia t ion  on Buna N formulation 
depends  on the   ac ry lon i t r i l e   con ten t  which v a r i e s  
depending  on  the  application. Also, t he   e f f ec t s  
of   radiat ion depend  on the  loading  during  irradia- 
t ion .  Data from only  one set of tests ava i lab le  
showed an  increase  in   compression  set   values  f o r  
test conducted i n  a i  from  17.8% fo r   t he   con t ro l s  
t o  26.8% a t  1.1 x 10 ergs/gm(C)  and t o  64.6% a t  
1.7 x l o 7  ergs/gm(C).  This i s  an  increase  of 56% 
and 275%, respectively,   in  compression set  (Ref.  8, 
p .  79). 

A Buna N O-ring  formulation  with  three parts FLX 
ant ioxident  as an   an t i rad  showed no decrease   in  
ult imate  elongation a t  1 3 x LO9 ergs/gm(C)  and 
50% decrease a t  9.8 x 10 9 ergs/=((=)  (Ref. 9 ,  
p. 234) 

When i r r a d i a t e d   i n  a i r  a t  room temperature  to  an 
exposure  of 2.4 x lo9  ergs/gm(C), Buna N with a 
Shore-A durometer  hardness  of 80 showed a 10% de- 
crease  in  compression set  (reduced from 56% t o  50%), 
and a 20% decrease  in   e longat ion.  Buna N with a 
Shore-A durometer  hardness of 40 was o n l y   s l i g h t l y  
a f f e c t e d   i n   t h i s  environment  (Ref. 10, p. A-87). 

Buna N hoses  appear t o  be  funct ional ly   sat isfac-  
to ry  a t  exposure  doses up to  about 4 x lo8  e rgs /  
gm(C) a t  elevated  temperatures (up t o  3500F) and 
s t a t i c   p r e s s u r e s  o f  1200 ps ig ,   a l though  in  some 
tests leaks were noted below th is   exposure   l eve l ,  
An in te rmi t ten t -pressure   t es t  (0 t o  1000 psig)  a t  
350°F indicated Bu a N hoses to be   s a t i s f ac to r  
t o  a t  l e a s t  1 x 10 8 ergs/gm(C)  (Ref.  5, p.  1517. 
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Hoses. The recommended radiation  tolerance  for Buna N hoses 

i s  1 x lo8 ergs/gm(C); however, caution must be exercised i n  

using th i s  l i m i t  since  data  are  not  available  at low temperatures. 

Gaskets, Seals, 0-Rings, and Retainer Rings. The  recommended 

radiation  tolerance  for  these  applications i s  1 x l o 9  ergs/-((=). 

This i s  the exposure a t  which gross changes in   the mechanical 

properties  begin  for  materials  irradiated  in a vacuum. No phys- 

ical  deterioration i s  expected a t   t h i s  exposure. 

Sealants. The  recommended radiation  tolerance  for  sealants 

whose basic  ingredient i s  Buna N i s  8 x lo9, the exposure a t  

which i t s  elongation  decreases by 90% and i t s  tensile  strength 

decreases by 50%, when irradiated i n  a vacuum. 

Packing and  Grommets.  The  recommended radiation  tolerances for 

t h e s e  applications, 1 x 101oergs/gm(C), i s  the  exposure a t  which Buns 

N becomes very b r i t t l e  and physical  deterioration begins when it  

i s  i r radiated  in  a vacuum. 

4 . 3 . 3  Diallyl  Phthalate 

Diallyl  Phthalate i s  employed as  electrical   insulation and 

molded parts.  Limited radiation  effects  test  data  indicate: 

1. Coi l  forms, insulators, and standoffs were relatively 
unaffected a t  an exposure of 6 x lo1* ergs/gm(C) 
(Ref. 6 ,  p.  92) when i r radiated  in  a i r  a t  100°F. 

2. Diallyl  phthalate laminated fiberglass was reactor 
i r rad ia ted   in   a i r  t o  several doses up t o  1.3 x 10l1 
ergs/gm(C) and in  vacuum t o  two doses,  the  highest 
of which was about 3 x 1O1O ergs/gm(C). I ts  mechan- 
ical   properties were essentially  unaffected  at  the 
highest doses  under either  condition (Ref. 11). 
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Molded Parts and E lec t r i ca l   In su la t ion .  The recommended 

r a d i a t i o n   t o l e r a n c e   o f   d i a l l y l   p h t h a l a t e   e l e c t r i c a l   i n s u l a t i o n  

and  molded p a r t s  i s  2 x 10 ergs/gm(C).  Although  the material 

i s  probably  usable   to  much higher   doses ,   the   l imited  data  do not  

permi t   re l iab le   conc lus ions   to   be  drawn for   genera l   appl ica t ions .  

10 

4 . 3 . 4  Epoxy 

Thermosetting epoxy i s  employed as molded p a r t s  and f o r  

po t t i ng  

d i ca t e  : 

1. 

2. 

3 .  

4 .  

electrical components. Radia t ion   e f fec ts  tes t  da ta   in=  

The predominant  effect of t he   i r r ad ia t ion   o f  
epoxy  polymers i s  c ross   l ink ing  as i s  evident  
from increases i n   v i s c o s i t y  and  hardness. 

Aromatic  curing  agents result i n  more r ad ia t ion  
r e s i s t a n t  materials than   those   wi th   a l ipha t ic  
curing  agents.  Cure i s  an  important   factor   with 
po t t ing  compounds sub jec t ed   t o   t he   r ad ia t ion  and 
vacuum condi t ions  of  a space  environment; a higher  

" 

temperature  cure i s  p re fe r r ed   t o  a room temper- 
a tu re   cu re .  

When i r a d i a t e d   i n  a vacuum to  an  exposure  of 
3 x 10" ergs/=((=) , Scotchcast 212, an epoxy 
po t t ing  compound manufactured by  Minnesoto  Mining 
and  Manufacturing Company, showed a 20% increase 
in  crushing  load and a 40% increase  in  compression 
s t r eng th  (Ref. 9, p .  3 5 4 ) .  

Fiberglass-epoxy compounds are more r e s i s t a n t  t o  
rad ia t ion   than   the  bulk res in   a lone .  Laminated 
specimens  of 30% resin content  showed no loss 
of  flexural s t r eng th  after i r r a d i a t i o n   i n  a i r  a t  
room temperature  to an exposure of  1 x 10 11 
ergs/gm(C)  (Ref. 12) .  

Pot t ing Compounds. The recommended rad ia t ion   to le rance   o f  

10 epoxy pot t ing  compounds i s  2 x 10 ergs/gm(C).  Proper  curing 
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can increase t h i s  l i m i t  as can the  addition of inorganic  f i l lers.  

4.3.5 Kel-F 

Kel-F, a fluorocarbon  manufactured by Ylnnesoto Mining  and 

Manufacturing Company, i s  employed i n  numerous applications 

throughout the  propellant  feed system. Radiation  effects test 

experience  indicates: 

1. 

2. 

3. 

4.  

5. 

6 .  

In a i r ,   the  damage threshold a t  room temperature 
i s  approximately 1 x lo8 ergs/gm(C). The ex- 
posures a t  which the  tensile  strength and elon- 
gation  decrease by  25% are 2 x lo9  and 1.5 x l o 9  
ergs/gm(C), respectively. The tensi le  s rength 
and elongation  decrease by 50% a t  2 x 10' ergs/ 
gm(C) (Ref. 9 ,  p.  1578. Kel-F crumbled a f t e r  
an exposure of 8 x 10 ergs/gm(C) (Ref. 7 ,  p. 
9 6 ) .  

Kel-F is  more s tab le   in  vacuum than  in  air .  It 
became b r i t t l e   w i th  vacuum i r r ad ia t ion   a t  an ex- 
posure of 1 x 1010 ergs C) and crumbled a f t e r  
an  exposure of 1.5 x 10i'2rgs/gm(C) (Ref. 7). 

A t  LN2 temperature,  there was  no s t r  ngth  degra- 
dation  after an exposure of 8.7 x 10 ergs/gm(C) 
(Ref. 13, p. 126). 

Kel-F  becomes sof t  and tacky a t  doses  approaching 
1 x lo9  ergs/gm(C), whereas embrittlement dominates 
a t  doses above 1.4 x LO9 ergs/gm(C) (Ref. 5,  p.  
137). 

The effects  of radiation  are  influenced by oxygen 
as is evidenced by the  fact  that  the  tens le  
strength of  Kel-F decreased 25% a t  6 x 10 ergs/ 
gm(C) i n   a i r ,  whereas the  tensile  strength was 
unaffected when Kel-F was i r rad ia ted   in   s i l i ca te  
e s t e r   f l u ids   a t  room temperature t o  1O1O ergs/ 
gm(C) (Ref. 6, p.  58). 

After  irradiation t o  10 ergs/=((=), Kel-F l iberates 
either molecular Fa, a powerful corrosive agent w i t h  
resDect to  metals,  or HF gas which reacts  vigorously 
w i t h  glass and many o the r  silicon  bearing compounds. 

E 

;s 

8 
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Seals,  Gaskets,  Valve  Seats,  and  O-rings.  The  recommended 

radiation  tolerance  for  Kel-F in these  applications is 1 x 10 9 

ergs/gm(C), which  is  below  the  exposure  at  which  its  mechanical 

properties  begin  to  degrade  very  rapidly in air. At this  exposure, 

no  physical  degradation  of  the  material  is  anticipated.  The 

effects  of  corrosive  products  should  be  evaluated  on  the  basis of 

application,  quantity  of  Kel-F,  and  the  exposure  dose. As 

indicated  above,  Kel-F  should  be  more  stable  in  the RNS environ- 

ment, i.e., at  low  temperature  and in vacum. 

Bearings.  The  recommended  radiation  tolerance  for  Kel-F 
9 bearings  is 1 x 10 ergs/gm(C). At this  exposure,  its  compres- 

sive  strength  has  decreased  by  approximately 25%. 

Rings,  Retainer.  The  recommended  radiation  tolerance  for 

Kel-F  retainer  rings  is 1 x l o9  ergs/gm(C). At this  exposure, 

Kel-F  retains at  least 75% of its  preirradiation  values  for  both 

its  tensile  strength  and  elongation. 

Electrical  Insulation.  The  electrical  insulating  character= 

sitics of Kel-F  are  not  expected  to  degrade  significantly  as  long 

as  it  retains  its  physical  integrity.  Therefore,  the  recommended 

radiatfon  tolerance  for  Kel-F  insulation  is 2 x 10 ergs/gm(C), 
I 9 

which  is a factor  of 5 below  the  exposure  at  which  Kel-F  crumbles 

in a vacuum. 

Spacers  and  Plugs.  The  recommended  radiation  tolerance  for 

these  applications of Kel-F, 3 x 10 ergs/gm(C),  is a factor  of 9 
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3 below the exposure a t  which  Kel-F crumbles i n  a vacuum. 

4.3.6 Kynar 

Kynar (vinylidene  fluoride  resin manufactured by Pennsalt 

Corporation) i s  a high  molecular  weight  fluorocarbon polymer 

characterized by excellent  physical, mechanical,  thermal, e lec t r i -  

ca l ,  and chemical properties; i t  i s  s tab le   in  vacuum. Unlike 

other  fluorocarbons, i t  has good radiation  resistance. The  manu- 

facturer reports (Ref. 14) that   "at  a dosage level exceeding 

3 x 10" ergs/gm(C) (C060 source), Kynar  shows  no change in   t ens i l e  

strength though the polymer darkens in   color  and elongation i s  

reduced. 

The tensile  properties and dielectric  properties of Kynar 

have been tested under i r radiat ion  in  a i r  a t  room temperature 

and i n  vacuum a t  both room temperature and a t  cryotemperature. 

The resul ts  of these tests are summarized  below (Ref. 15):  

1. 

2. 

3 .  

4. 

Under irradiation  the  material  progressively 
changes color from l igh t  cream t o  yellow, t o  
tan, and f ina l ly  t o  dark brown. 

A t  cryotemperatures  the  tensile  strength  increases 
and the  percent  elongation  creases  with  radia- 
t ion exposures up t o  3 x 10" ergs/gm(C). A t  
higher  exposures, i t s  tensile  strength  decreases. 

Break patterns of tensi le  specimens change with 
i r r ad ia t ion   a t  room temperature - necking is  
extensive a t  first   with  the  material  becoming 
more and more b r i t t l e   a t  higher  exposure  levels. 

Break pa t te rns   a t  cryotemperatures were b r i t t l e  
fractures  with  the  ultimate  strength and tensi le  
strength a t  rupture  virtually  identical .  
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5. No  significant  changes in tensile  properties  were 
observed in air  irradiations  at  doses in excess 
of 3 x lo1' ergs/gm(C). At a dose of 1 x 
ergs/gm(C)  there was a definite  decrease in both 
ultimate  tensile  strength  and  percent  elongation. 

The  effects of radiation on the  mechanical  and  electrical 

properties of Kynar  are  summarized  below. 

Characteristic 
Property 

Incipient  Intermediate 
Damage  Damage 

(ergs  /gm(c> 1 (ergs/gm(C> ) 

Tensile  strength 3 x 1010 -50% at 2 x 10" 
Elongation 3 x 1o1O -50% at 1 x 10 11 

Compression  strength 1 x 1o1O Not  reached  at 3 x 1O1O 

Impact Not meas. -50% at 1 x 10" 
Dielectric  constant 2 x 1o1O Essentially  unchanged  at 

3 x 1010 
Dissipation  factor 2 x lo8  SigniffGantly  increased  at 

3 x 10 
Volume  resistivity 1 x lo7 Decreased  several  orders 

of  magnitude  at 1 x 1O1O 

Insulation,  Electrical. The recommended  radiation  tolerance 
10 for  Kynar  insulation, 1 x 10 ergs/gm(C), is the exposure  at 

which the  impact  strength  decreases  by 50% for  air  irradiation. 

The  decrease in volume  resistivity  is not serious  since  the  pre- 

irradiation  value, 10 ohm-cm,  is  extremely  high. It should 

be  noted  that  stiffness  increases  rapidly  at  cryotemperatures; 

however,  the  material  retains a moderate  degree  of  impact  strength 

at -30O0F. 

14 
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Seals, Pads, and Spacers. The  recommended radiation  tolerance 

for Kynar seals,  pads, and spacers i s  3 x l o l o  ergs/gm(C), the 

exposure a t  which degradation  begins. 

Composite Seal of Kynar, Teflon TFE, and Fiberglass. A 

special  seal, which consists of a molded multilayer of fiberglass 

fabric and Teflon TFE encapsulated i n  Kynar, i s  employed in   the 

modified S-IC propellant  shut-off  valve. It was fabricated t o  

Whittaker  Corporation's  specification PS 2014, "Process Specifi- 

cation  for  the  Fabrication of Gasket, Cryogenic and Radiation 

Service. 11 

Leak-tests were conducted on the composite s ea l   ( f l a t ,  2-in.- 

diam gaskets)  before and af te r   i r rad ia t ion  t o  2 x l o l o  ergs/gm(C). 

No leakage was detectable   a t  -320°F with a 2000-psi flange  load 

and helium pressure of 275 p s i .  Load-deflection and stress- 

relaxation  tests were conducted on both  control and irradiated 

gaskets.  Test specimens were loaded 10 times i n  compression from 

0 t o  2000 p s i  and the compressive deflection was recorded  each 

time; irradiated specimens had a,greater  deflection  than  similar 

control specimens. Stress-relaxation  tests  indicated  negligible 

cold flow and therefore a single  torquing sequence would suffice. 

The  recommended radiation  tolerance  for  these composite 

seals i s  1 x l o l o  ergs/gm(C). A t  th i s  exposure, some  damage i s  

expected; however, the  seal should function  satisfactorily.  
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4.3.7 Mylar 

Mylar, an oriented  polyethylene  terephalate  polyester  film, 

i s  employed as  electrical   insulation, diaphragms, backup rings, 

and seals  in  the design of actuators,  valves, and various  other 

components. Aluminized Mylar, i . e . ,  Mylar film  coated  with 

aluminum  on  one side, i s  u t i l i zed  as a l iner  t o  ref lect  engine 

heat from heat  sensitive components  and systems. 

Radiation  effects  testing of both Mylar and aluminized 

Mylar film  indicates: 

1. The threshold and 25% damage points  for  the 
tensile  strength of  Mylar film when tested  in 
a i r   a t  room temperature are 4.4 x 108 and 8.7 
x l o 9  ergs/gm(C) , respectively (Ref. 5 ,  p .  150). 

2 .  The 25% and 50% damage points  for  the  elongation 
of  Mylar films when irradiated and tes ted   in   a i r  
a t  room temperature  are 4 x lo9  and 6 x l o9  ergs/ 
gm(C) , respectively (Ref. 9 ,  p. 1 5 5 ) .  

3 .  Irradiation  in vacuum t o  8.7 x 10 ergs/gm(C) 9 

produced the same  damage as 4.4 x lo9  ergs/gm(C) 
i n   a i r ,  thus  indicating  that  oxidation  plays some 
part  in  the damage induced  (Ref. 5 ,  p. 1 5 0 ) .  

4 .  No significant  degradation  in  the mechanical prop- 
e r t i e s  were measured for   e i ther  Mylar film o r  
aluminized Mylar when t e s t ed   a t  LN2 temperatures 
a f te r   i r rad ia t ion  t o  2.7 x lo9  ergs/gm(C) (Ref. 
6 ,  p.  1 0 5 ) .  

5 .  The electrical   properties of M lar   are   s table  
t o  an absorbed dose of 1 x ergs/gm(C) 
(Ref. 5 ,  p.  150). During irradiation,  the  dielec- 
t r i c  constant and dielectr ic  loss undergo signif- 
icant changes,  but  they  recover on removal  from 
the  radiation  field. 
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Gaskets,  Seals, and  Diaphragms. The  recommended radiation 

tolerance of Mylar gaskets,  seals, and diaphragms used in  actua- 

tors, valves , and regulator  assemblies i s  6 x l o 9  ergs/gm(C). 

A t  th i s  exposure, i n  a vacuum environment, Mylar  would retain 

approximately 75% of i t s  preirradiation  values  for  both elonga- 

t ion and tensile  strength. No physical  deterioration i s  anti-  

c ipated  a t  t h i s  exposure, 

Insulation,  Electrical. Although Mylar retains i t s  e lee t r ica l  

insulating  properties  at absorbed doses greater  than those which 

result   in  physical   deterioration, i t s  recommended radiation t o l -  

erance l i m i t ,  l x 10" ergs/gm(C), i s  based upon physical  deteri- 

oration  limiting i t s  application  since  the Mylar insulation could 

be subjected t o  mechanical s t ra in .  

Backup Rings. Radiation  causes Mylar t o  become hard and 

b r i t t l e ;  however, th i s  w i l l  not  effect i t s  usefulness  as backup 

r ings   a t  exposures below those which result  in  physical  deteriora- 

tion.  Therefore,  the recommended radiation  tolerance  for Mylar 

backup rings i s  1 x 10 ergs/gm(C). In a vacuum a t  th i s  absorbed 

dose, Mylar retains approximately 80% and 50% of i t s  preirradiation 

10 

values of tensile  strength and elongation,  respectively. 

Tape, Electrical ,  The  recommended radiation  tolerance of 

Mylar-backed electrical  insulating  tape, 1 x 10" ergs/gm(C), 

i s  based upon physical  deterioration of both Mylar  and the ad- 

hesive  limiting i t s  usage. 
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Liners.  Since  the RNS environment for  aluminized Mylar i s  a 

vacuum and the  structural  requirements are  not  severe, some 

physical  deterioration w i l l  not  seriously  effect i t s  function  as 

an insulated  liner.  Therefore,  the recommended radiation t o l -  

erance  for aluminized Mylar l iners  i s  3 x l o l o  ergs/gm(C).  In 

a i r  a t   t h i s  absorbed  dose, Mylar retains approximately 60% of i t s  

preirradiation  tensile  strength and 25% of i t s  elongation. 

4 . 3 . 8  Neoprene 

The mechanical properties of neoprene (chloroprene  rubber) 

elastomers  as  well  as their s tab i l i ty in  a radiation environment 

depend  upon the  specific polymer, cure, and additives, The 

data  in Table 4-4 show the  effect  of radiation on various neoprene 

rubber compounds  when irradiated and tes ted  in  a i r  a t  room t e m -  

perature. 

Radiation  effects test  experience  indicates: 

1. Data obtained on the  effects of radiation on 
neoprene i n  vacuum as compared with  irradiation 
i n  a i r  are  conflicting. These differences  are 
probably due t o  the type  of  neoprene studied, 
differences  in compounding,  and cure.  In most 
instances,  the  effects of radiation  are more 
severe  in  air  than vacuum. 

2. Neoprene rubber i s  not  normally recommended 
for-  applications  at  cryogenic  temperatures ; 
th i s  probably  explains  the  fact  that no data 
were reported for cryogenic  temperature. 

Seals. The  recommended radiation  tolerance  for neoprene 

8 seals i s  6 x 10 ergs/gm(C). This limit i s  based upon a 25% 
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Table 4-4 
EFFECTS OF RADIATION ON NEOPRENEYC 

i 
! 

! 
! 

I 
I 
i 
j 
I 

, 

i f  
' E  

I 

i 
I 
I 
I 

I 
I 
I 
j 

Neoprene-W 1x10 Tensile  Strength (2.9 k s i )  
(A-109D-73) Elongation (450%) 

9 . lX109 (H-83) 4.  lX109 Shore  Hardness (H=78) 
6x108(Decrease) 1 . 8 ~ 1 0 ~  Compression set (9%) 

3 ~ ~ 1 0 9  1 . 6x10 Se t  a t  break (6%) 
1 . 8x10' 4. 1xlOg 

9 6 . 6x10' 1 . 6x10" 

1.3~10  Decrease) 
1 . 4x10 ?r;H=88) 

4.1~109 

PR-22702bk Tensile  Strength (2.7 k s i )  
(O-rings) Elongation (290%) 

lx1o9 
2x109 1.~109 
1 x 1 0 ~ 0  

Neoprene 

Not measured Not measured Shore  Hardness (H=68) 
Not measured Not measured Elongation (520%) (139-62) 

Not measured Not measured Tensile  Strength (2.1 k s i )  
(WT) 

6x108 
4x109 (H=74) 

'?Ref. 5, p. 113,  Ref. 16 ,  p .  28,  Ref. 9 ,  p .  240,  Ref. 15, p .  158,  and Ref .  6 ,  p .  60. 

YeWalues are  approximately  the same fo r   i r r ad ia t ions  i n  both a i r  and vacuum. 



change i n  some properties and the  fact  that neoprene i s  not  recom- 

mended for  the low temperature anticipated  for  the RNS missions. 

Since the  results of i r radiat ion  tes ts  depend upon the  particular 

material  formulation and the test  conditions  (temperature, medium, 

etc.) ,   care must be used in  the  selection of a neoprene. 

Grommets. The  recommended radiation  tolerance  for neoprene 

grommets, 1 x 10 ergs/gm(C), i s  considerably below the exposure 

a t  which physical  degradation  occurs.  This  conservatism i s  based 

upon the  lack of radiation  effects test data a t  cryogenic temper- 

atures. 

9 

4.3.9 Nylon 

Nylon (polyamide) i s  used t o  hold  thermal insulation  in  place 

and as  seals  in  the  construction of valve and regulator assem- 

bl ies .  

Various  chemical  formulations of nylon have been tested  in 

radiation environments. The following  data summarize the  results 

of these tests: 

1. 

2. 

3. 

A t  an  exposure of 2 x 10" ergs/gm(C), Nylon 6-6 
l o s t  68% of i t s  tensile  strength when irradiated 
and tefted i n  air  a t  75OF. A t  an exposure of 
1 x 10 ergs/gm(C), Nylon 6-6 crumbled (Reg. 17). 

A t  an exposure of 1.4 x lo9  ergs/gm(C), Nylon 700L 
l o s t  28% of i t s  tensile  strength and 16% of i t s  
elongation when irradiated and t e s t e d   i n   a i r   a t  
75OF (Ref. 17). 

Nylon 300 showed decreases in  tensile  strength 
and elongation of 64% and 54%, respectively, when 
irradiated and tes ted   in   a i r   a f te r  an exposure 
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of 4.6 x 10 ergs/gm(C). When i r radiated  in   ni-  
trogen t o  the same exposure, the material was not 
damaged (Ref. 17), thus  i l lustrating  that   the 
mechanical properties of nylon are markedly im-  
proved by the  exclusion of  oxygen. 

8 

4 .  A t  an exposure of 8.5 x 10 ergs/gm(C),  nylon l o s t  
50% of i t s  tensile  strength when i r radiated  in  
a i r ,  but  only 15% when i r radiated  in  vacuum (Ref. 
17) .  

8 

5. Coating  nylon wi th  vinyl will increase  the  radia- 
tion  tolerance of the  material. The 25% damage 
threshold was a factor o f  10 higher  for  the  coated 
fabric (Ref. 18). 

Seals. The  recommended radiation  tolerance  for nylon seals,  

which are  incorporated  into  propellant management components, i s  

5 x lo8 ergs/gm(C) . This l i m i t ,  which i s  based upon tests con- 

ducted  with  the  least  radiation  stable chemical  formulation in  

air   ( the  radiation  stabil i ty of nylon i s  much be t te r   in  a vacuum), 

i s  predicated upon the  material   retaining  at   least  50% of i t s  

preirradiation  tensile  strength and elongation. 

Insulation,  Electrical. The  recommended radiation  tolerance 

for  electrical   insulation i s  3 x 10 ergs/gm(C). The dissipation 9 

factor and the  e lectr ical   character is t ics   are  no t  significantly 

effected  a t   th is  exposure; however, the p o s s i b i l i t y  of physical 

deterioration  established  this l i m i t .  

Fabric, Cord, and Fasteners. Since the nylon fabric,  cord, 

and fasteners which hold  thermal  insulation  in place are not 

related t o  f l i g h t   c r i t i c a l  components, the recommended radiation 

tolerance, 3 x 10 ergs/gm(C), i s  based upon the exposure s l ight ly  9 
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below that which results i n  physical  deterioration. 

End plugs. The  recommended radiation  tolerance  for  the nylon 

end plugs which f i t   i n t o   e l e c t r i c a l  connectors i s  3 x 10 ergs/@ 

(C).  A t  th i s  absorbed  dose, the  electrical  insulating  character- 

9 

i s t i c s  of nylon are  not  affected by nuclear  radiation; however, 

i t s  usage i s  limited by the  possibil i ty of physical  deterioration 

which may occur a t  higher  exposures. 

4.3.10 Phenolic - Fil led and Unfilled 

Phenolics  similar t o  phenol-formaldehyde are   qu i te   b r i t t l e ,  

exhibiting an  elongation of only 2% a t  room temperature; hence 

most of their  applications  are based upon tensi le  o r  impact 

strength. This material i s  affected by radiation i n  an unusual 

way; a t  an exposure of 1.1 x lo9  ergs/gm(C> , i t s  elongation  in- 

creases by approximately 25%, and a t  1 x 10" ergs/gm(C) i t s  

elongation i s  almost twice  as  great  as i t s  preirradiation  value 

(Ref. 19,  p. 55). The tensile,  shear, and impact strengths of 

unfilled  phenolics  decrease from their  preirradiation  values by 

approximately 50% when i r rad ia ted   a t  room temperature t o  an ex= 

posure of 3 x 10" ergs/gm(C) (Ref. 5,  p. 96) .  When irradiated,  

unfilled  phenolics  swell, become very b r i t t l e ,  and tend t o  crumble. 

The addition of f i l lers ,   par t icular ly   mineral   f i l lers ,  

increases  the  stability of phenolics. The type of f i l l e r  and the 

processing  procedures  significantly  effect  the  radiation  stability 

of filled  phenolics. Phenol-formaldehyde with  asbestos f i l l e r  
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(Haveg 41) shows excellent  radiation  stability, being  unaffected 

by dosages  of 3.9 x 10" ergs/gm(C). The tensile  strength of 

paper f i l l e d  phenolic  degrades by 25% a t  3 x 10 9 ergs/gm(C), 

whereas the  tensile  strength and elongation of cot ton  f i l led 

phenolics  degrade  rapidly a t  exposures above 7 x 10 ergs/gm(C) 

(Ref. 5) .  

9 

Phenolics - Molded Parts. A t  the recommended radiation t o l -  

erance of l x 10" ergs/gm(C), tensile  strength  decreases by 25% 

from i t s  preirradiation  value. 

Cotton Fi l led Phenolics - Spacers and Laminated Rods. The 

recommended radiation  tolerance, 3 x 10 ergs/@((=), i s  below the 9 

exposure a t  which physical  deterioration  occurs. 

4.3.11  Polycarbonate 

Polycarbonate, a polyester of carbonic  acid and bisphenol A ,  

was found i n  only a few applications  in  the  Saturn V. This ma- 

t e r i a l  has  been irrradiated  in  both  sheet and film form. Data for 

polycarbonate  sheet  irradiated  in  air t o  f ive dose levels between 

3 x 10 and 1.2 x 10 ergs/gm(C) show  no significant changes i n  

ultimate  tensile  strength and  Shore-D hardness up t o  a dose of 

1.5 x 10 ergs/gm(C). Yield stress decreased  with  dose,  having 

dropped by about 10% a t  a dose of 3.6 x 10 ergs/=((=); samples 

irradiated t o  1.2 x 10" ergs/@((=)  did  not  exhibit a yield  point. 

Ultimate tensile  strength was essentially  unaffected  at a dose of 

1.5 x lo9  ergs/gm(C) (Ref. 20). 

8 10 

9 

9 

The above data were confirmed i n  a separate experiment (Ref. 

11) i n  which polycarbonate  sheet was i r rad ia ted   in   a i r  and i n  

4 -29 



. . .~ "" _ ~ _  

vacuum t o  maximum doses  of 2 x 10" and-3 x 10" ergs/@((=),  re- 

spect ively.  The t e n s i l e   p r o p e r t i e s  were essent ia l ly   unaf fec ted  

through a dose  of  3.6 x lo9  ergs/gm(C) i n  a i r ,  bu t   de te r iora ted  

ra ther   rap id ly  a t  higher  doses. The data  from the  vacuum irra- 

d i a t ion  gave similar r e s u l t s .  

Formed Parts. The  recommended radiat ion  tolerance  for   poly-  

9 carbonate formed p a r t s ,  4 x 10 ergs/gm(C), i s  based upon minor 

changes i n  i t s  t ens i l e   p rope r t i e s .  

4.3.12  Polyethylene  (Aluminized) 

Polyethylene films coated  with aluminum  on one s ide  are used 

as l i n e r s  t o  re f lec t   engine   hea t  away from hea t   sens i t ive  com- 

ponents .   Radiat ion  effects   data   indicate:  

1. 

2. 

3 .  

The r ad ia t ion  damage threshold  for  low-density 
polyethylene films i r r a d i a t e d   i n  a i r  a t  room t e m -  
pera ture  i s  about 4 . 4  x lo8 ergs gm(C) and the 25% 
damage threshold i s  about 9 x lo i  ergs/gm(C) 
(Ref. 5, p.  150). Polyethylene i s  sub jec t   t o  ox- 
i da t ion  when i r r a d i a t e d  and th i s   t ends   to   expla in  
t h e   v a r i a b i l i t y   o f   r e s u l t s   o b t a i n e d   i n   t e s t i n g  
samples with  thicknesses  ranging between 2 and 15 
m i l s .  Polyethylene films are damaged less when 
i r r a d i a t e d   i n  a vacuum than when i r r a d i a t e d   i n  
air .  

A 2 -mi l  f i l m  of  high-density  polyethylene  (Marlex) 
was ex t r eme ly   b r i t t l e  and crum l e d  when i r r a d i a -  
ted  to  an  exposure  of 4 . 4  x 10' ergs/gm(C) i n  a i r  
and t e s t e d  a t  room temperature. A t  an  exposure 
of 4 . 4  x lo8 ergs/gm(C) the  e longat ion had  de- 
creased 92% and t e n s i l e   s t r e n g t h  12%. 

Doubly aluminized Mylar (Mylar-Al-Al-Mylar) vapor 
b a r r i e r   i r r a d i a t e d  t o  a dose  of  6.7 x 1O1O ergs /  
gm(C) i n  a i r  and t e s t e d   i n  a i r  retained 28% of 
i t s  o r i g i n a l   t e n s i l e   s t r e n g t h  a t  break  and less 
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than 10% o f  i t s  or ig ina l   e longat ion .   I r rad ia-  
t e d   i n   l i q u i d  hydrogen t o  a dose  of  3.2 x 101o 
ergs/gm(C)  and t e s t e d   i n  a i r ,  t h i s  material re- 
ta ined 79% of i t s  o r ig ina l   t ens i l e   s t r eng th  and 
52% of i t s  or ig ina l   e longat ion .  Bubbles i n   t h e  
f i lm  surface were clear  evidence  of  gas  evolu- 
t i on ,   t he  specimens i r r a d i a t e d   i n  a i r  ( to   the  
higher  dose) showing considerably more bubble 
formation  (Ref. 21, p. 118). 

Liners,  The  recommended radiat ion  tolerance  for   a luminized 

polyethylene f i l m  when employed as a l i n e r  i s  1 x 10 ergs/=((=). 9 

A t  th is   exposure,   the  material w i l l  be s l i g h t l y  b r i t t l e ;  however, 

no phys ica l   de te r iora t ion  i s  an t ic ipa ted .  

4.3.13  Polyimide 

Polyimide  has  been  tested in   var ious  forms,  and i n  each 

instance i t  h a s   e x h i b i t e d   e x c e l l e n t   s t a b i l i t y   i n  a rad ia t ion   envi r -  

onment. The t ens i l e   s t r eng th   o f  HT-1 polyimide  f ibers (DuPont 

Nomex yarn),  which  have  approximately  the same strength  charac-  

t e r i s t i c s  as nylon, was re la t ive ly   unaf fec ted  by exposures t o  

3.3 x 10" ergs/gm(C)  (Ref. 6 ,  p. 108). 

The mechanical  properties  of  polyimide H-Film, which i s  con- 

s idered   for   use  as a hydrogen ba r r i e r ,   d id   no t  change s i g n i f i c a n t l y  

a f t e r  a vacuum-irradiation  exposure o f  1.1 x 10" ergs/gm(C). 

10 After  an  exposure t o  2.9 x 10 ergs/gm(C), the  elongation  decreased 

by  20% (Ref. 9 ,  p.  182). Radia t ion   d id   no t   a f fec t  hydrogen per-  

meabi l i ty .  A t  an  exposure  of  3.9 x 10" ergs/gm(C) i n  a i r ,  t he  

elongation  of  H-film  decreased  only 35%. 

Polymer SP-1, which i s  the  same base  polymer  type as H - f i l m  

but  compounded by a d i f f e ren t   p rocess ,  was v i r tua l ly   una f fec t ed  

when i r r a d i a t e d  a t  l iquid-nitrogen  temperature  to  an  exposure  of 
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1 x 10" ergs/=((=) (Ref. 9 ,  p .  187). 

DuPont  Pyre-ML, a polyimide resin enamel electrical   insula- 

tion,  did  not  exhibit a noticeable  degradation of dielectr ic  

properties  after an exposure  of 1 x 10" ergs/gm(c). The insula- 

t ion was used on the  s ta tor  of a generator (Ref. 22, p .  B-22). 

Electrical  Insulation, Varnish, and Electrical  Insulating 
Tape. Although the  di.electric  properties of polyimide are 

unaffected a t  1 x 10" ergs/gm(C) and i t  should  function  satis- 

f ac to r i ly   a t  higher  exposures,  the recormended radiation  tolerance 

for  these  applications i s  1 x 10" ergs/gm(C). Additional  testing 

i n  a combined  vacuum, cryogenic  temperature, and radiation  environ- 

ment i s  required t o  provide  confidence a t  higher  exposures. De- 

terioration of the  adhesive l i m i t s  the recommended radiation t o l -  

erance for  polyimide  tape t o  l x 10" ergs/@((=), even though 

polyimide  possesses good mechanical propert ies   a t  3 x 10 ergs/ 10 

gm(c) 

Gaskets,  Seals, and  Valve Seats. The  recommended radiation 

tolerance o f  polyimide gaskets,  seals, and valve  seats i s  2 x 10 10 

ergs/gm(C). A t  th i s  exposure i n  a cryogenic  envirorment,polyimi.de 

i s  very  stable,  possessing  greater  than 90% of i t s   p re i r rad ia t ion  

tensile  strength and 75% of i t s  elongation.  Physical  deteriora- 

t ion i s  not  anticipated  at exposures below 1 x 1011 ergs./gm (C). 

Spacers. The  recommended radiation  tolerances  for Polyimide 

spacers, 3 x 10" ergs/gm(C) , i s  below the exposure a t  which 

severe  physical  deterioration  occurs. 
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4.3 .14  Irradiated  Polyolefin 

Limited  data on industrially  irradiated  polyolefin  (heat 

shrinkable  polyvinyl  chloride,  Thermofit RNF) indicate  that a 

threshold of damage  occurs  between  doses of 1 x LO9 and 1 x 10 10 

for  irradiation  in  both  air  and  vacuum  at  room  temperature.  Ulti- 

mate  elongation  decreased  about 25% at a dose  of 1 x lo9 ergs/gm 
10 (C) in both  air  and  vacuum  and  was  near  zero  at 1 x 10 ergs/= 

(C). Ultimate  tensile  strength  was  essentially  unaffected  at 1 

x 10 ergs/gm(C), and  had  decreased  moderately at 1 x lo1' ergs/gm 9 

(C) (Ref. 9, p. 182) 

Heat  Shrinkable  Sleeve.  The  recommended  radiation  tolerance, 

3 x 10 ergs/gm(C), is  based on a 50% decrease in ultimate  elonga- 9 

tion  for  the  polyvinyl  chloride  material. 

4 .3 .15  Polyurethane 

Rigid  polyurethane  foam,  both  preformed  and  cast in place, 

is used  throughout  the  Saturn V as  thermal  insulation  and  as 

spacers  to  maintain  the  relative  position of  components  and 

plumbing. In addition,  polyurethane is also  employed  as  molding 

and  potting. 

Radiation  effects  test  experience  with  polyurethane  foam 

materials  is  summarized  below: 

I. Two polyurethane  foam  materials  manufactured  by 
Chemical  Plastics  Research  Company  were  irradiated 
in vacuum  and  tested  for  compression  strength  at 
25% deflection  in  both  air  and  vacuum.  After a 
radiation  exposure  of l o9  ergs/gm(C),  the 
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2.  

3 .  

compression strength of  CPR-200 did  not change 
when tes ted   in   a i r  (100 p s i  to 99 ps i ) .  When 
tes ted   in  vacuum a f t e r  a radiation exposure of 
5 x 10 8 ergs/gm(C),  compression strength  for 
25% deflection  increased t o  124.5 ps i .  With 
the second material, CPR-1021-2, compression 
strength  for 25% deflection  again d i d  not change 
significantly when t e s t ed   i n   a i r   a f t e r  being 
i r radiated  in  vacuum t o  5 x l o8  ergs/gm(C). 
(Values were 33 p s i  before and 29.8 p s i  a f te r  
irradiation.)  When tes ted  in  vacuum after  the 
same radiation exposure,  compression strength 
increased t o  49.4 p s i  (Ref. 9 ,  p. 213). 

Stayfoam AA 402,  a polyurethane  thermal  insula- 
tion  material, was i r rad ia ted   a t  cryogenic tem- 
peratures. There appeared to  be an approximate 
threshold  point  for compressive resistance of 
this  material a t  an exposure of about 5 x l o9  
ergs/gm(C) (Ref. 13, p .  195). 

A flexible polyurethane foam, a blown polyester 
urethane produced by General Foam Co., was i r -  
radiated and tes ted   a t  75OF. The compression 
s e t   a t  50% deflection  increased from i t s  preir-  
radiation  value of 8% t o  20% a t  1 x l o9  ergs/- 
(C) t o  95% a t  8.3 x l o 9  ergs/gm(C) and 100% a t  
2.8 x 1O1O ergs/gm(C). A t  the  highest dose, 
9.4 x 1O1O ergs/-((=),  the  material  adhered t o  
the  plates (Ref. 6, p. 68). 

Thermal Insulation and Spacers. Based  on the above data, 

the recommended radiation  tolerance  for  rigid  polyurethane thermal 

insulation and spacers i s  5 x l o 9  ergs/gm(C). A t  th is  exposure 

the compression se t  w i l l  be significantly  increased and the com- 

pression-resistance  strength should increase. However, these 

changes i n  i t s  mechanical properties should no t  adversely  affect 

i t s  usage as a thermal insulator o r  spacer. 
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Potting and  Molding. The  recommended radiation  tolerance  for 

polyurethane  base  potting and molding materials i s  1 x 10" ergs/ 

gm(C). Its tensile  properties should  be  adequate a t  higher ex- 

posures; however, additional  testing i s  required i f   th is   mater ia l  

i s  to  be used confidently at exposures greater  than 1 x 10" ergs/ 

m(c)  

4.3.16 Natural Rubber 

Natural  rubber  products  are  only employed in  limited  appli- 

cations on the  Saturn V vehicle. Considerable  research  has been 

performed with  regards t o  improving the  radiation  stabil i ty of 

natural rubber by the  use of antirad  materials. This research 

and development has resulted  in marked  improvements in   the me- 

chanical  properties of rubber. 

The effects  of radiation on natural  rubber  without  antirads 

are summarized  below for room temperature tes t s  (Ref. 5 ,  p. 112) : 

Property  Affected 
and Preirradiation 
Value 

Damage a t  Dose in Ergs/gm(C) 
Incipient 25% 50% 

Elongation (420%) 6 .  8x108 4. 5x109 1. 2x1010 

S e t  a t  Break (32%) 4. 5x108 5x10 lXlO1O 

Compression Set (13%) 1. 8x108 5x109 lXlO1O 



Gaskets and Seals. The recommended radiat ion  tolerance  of  

9 natural   rubber   gaskets  and seals, 5 x 10 ergs/gm(C) , i s  the  ex- 

posure a t  which most of the  mechanical   propert ies   re ta in  a t  least 

75% of  t he i r   p re i r r ad ia t ion   va lue .  

Tape. The recommended radiat ion  tolerance  of   rubber   e lectr i -  

ca l   i n su la t ion   t ape  i s  1 x 10" ergs/gm(C). A t  th is   exposure  the 

t ens i l e   s t r eng th   r e t a ins   ove r  75% of  i t s  p re i r r ad ia t ion   va lue ;  

however, most adhesives  degrade  very  rapidly a t  higher  exposures, 

thus  l imiting  the  usage  of  rubber  tape.  

4.3.17  Rubber,  ,Asbestos F i l l e d  

Al though   t he   add i t ion   o f   a sbes tos   f i l l e r s   i n   p l a s t i c s   can  

improve t h e i r   r a d i a t i o n   s t a b i l i t y  by an  order of magnitude o r  

more (e .g . ,   the   addi t ion  of   asbestos  t o  phenolics  changes  the 

31 25% damage threshold from 1.1 x l o 9  ergs/gm(C) t o  3.9 x 10 ergs /  

gm(C), Ref. 5 ,  p. 96) ,  a s b e s t o s   f i l l e r s  do not  improve the  sta- 

b i l i t y  of  rubbers  (Ref. 5 ,  p. 96) .  The r a d i a t i o n   s t a b i l i t y  of 

asbestos/rubber compounds i s  approximately  the same as for   rubber  

s tock.  

Seals and  Gaskets. The recommended radiat ion  tolerance  of  

asbestos/rubber  gaskets and seals i s  5 x l o9  ergs/gm(C),  the 

exposure a t  which most of  the mechanical proper t ies  of rubber 

have  degraded by 25%. 

Spacers. The  recommended rad ia t ion   to le rance  o f  asbestos/  

10 rubber spacers i s  3 x 10 ergs/gm(C),  the  exposure a t  which  the 
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material  begins t o  deteriorate very  rapidly. 

4 . 3 . 1 8  Silicone 

4.3.18.1 Silicone Rubber 

Silicone rubber i s  used  throughout  the  Saturn V vehicle  for 

numerous applications. The usages are  varied and require s i l i -  

cone rubber of different forms, e .g . ,  sponge, sheet, formed, and 

fi l led  with  f iberglass  or  other  materials.   In  addition, a variety 

of silicone  elastomers having different chemical constituents  are 

manufactured,  thus  confounding the  radiation  effects  test  data. 

The data  in Table 4-5 show the  effect  of radiation on various 

formulations of silicone rubber when i r radiated and tes ted  in  

a i r   a t  room temperature. 

Radiation  effects  test  experience  indicates: 

1. 

2. 

3.  

The s t ab i l i t y  of silicone rubber compounds i n  
a vacuum, as  contrasted t o  i r r ad ia t ion   i n   a i r ,  
depends on the  specific chemical  formulation. 
Those  showing be t te r  mechanical properties 
i n  vacuum than in   a i r   include dimethyl, 
dimethyl-phenyl, and dimethyl-vinyl types, 
whereas the  reverse was true  for  the methyl- 
phenyl-vinyl compound (Ref. 6, p.  7 4 )  . 
Upon irradiation,  the damage t o  silicones w i l l  
vary  with  the  type and amount of radiation, 
the composition of material, time of cure,  the 
volume of the sample exposed, and environmental 
factors. 

Certain  types of stresses  increase  the  radia- 
tion damage, e.g.,  stretching,  twisting,  shearing, 
and swelling  forces. On the  other hand, compres- 
sion may resul t   in   less   radiat ion damage (Ref. 
5, p .  132) .  
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P 
w 
I 

00 

Chemical 
Formulation 

Dimethyl-siloxane 
(Silastic  7-170) 

Dimethyl-siloxane 
(77-018) 

Methyl-vinyl- 
siloxane 

(SE  750) 

Methyl-phenyl- 

(Y-1668) 
siloxane 

Nitrile-silicone' 
(NSR-X-5602) 

Table 4-5 
EFFECTS  OF  RADIATION  ON  SILICONE  RUBBER2k 

Property  and Damage  at  Dose  in  ergs/gm(C) 
Original  Value Threshold I 2S% 1 50% 

Tensile  strength  (520  psi) 
Elongation  (95%) 1.2~10: 

Shore  hardness  (H=59) 
1 2x10 Compression  set (1.4%) 
1 4xE08 

1 . 2x108 
4 9x109 
6 . 8x10: 
3 . 8x10 
1 2x109 

1 . 5x10" 
1 . 6x10; 
9 . 1xj.8 
1x10 

Tensile  strength (920 psi) 

1x108 Shore  hardness (H=78) 
1x10 Elongation  (375%) 
1X108 8 Not  eached  at 2 x loy 

8x10 s I 1 .4x1Q9 
Not  reached,at 2  x loy 

Tensile  strength  (750  psi) 

Elongation (140%) 
Short  hardness (H=54) 

2x1~7 

9x107 
7x107 

Tensile  strength (800 psi) 

Elongation (330%) 
Shore  hardness  (H=52) 

Tensile  strength (980 psi) 
Elongation  (280%) 
Compression  set (16%) 

I 1x108 

No test 
No test 
No test 

7x10' Not  reached  at  7x10 
i 9 

7x108 
4x109 1 4x10' 
1.6~10' 

3x10'  Not  reached  at  8x109 
1 

6x108 1x109 
1 . lX109 4x109 

8x108 8 lXlO1O 
2X108 8x108 

a x l o  ax108 

7kRef. 6, p. B-90. 



4. Irradiation of nitrile-silicone  rubber  at -65'F 
and  testing  at 80°F yielded  data  similar to 
that  for  specimens  irradiated  and  tested  at 
80°F. 

5. Silastic 950, a high-phenyl,  high-strength, 
extreme-low-temperature  silicone  rubber,  showed 
a 30% decrease in both  tensile  strength  and 
.elongation when irradiated  to 6.7 x lo9  ergs/ 
gm(C) in LU2 and  tested  at UI2 temperatures 
(Ref. 15, p.  295). 

Gaskets,  Seals  and  O-Rings.  The  recommended  radiation tol- 

erance  for  silicone  rubber  gaskets,  seals,  and  O-rings, 8 x 10 8 

ergs/gm(C), is based  upon a less  than 50% reduction in elongation. 

At this  exposure  the  compression  set of  nitrile-silicone  rubber 

would  have  increased  from an initial  value of 16% to  over 60%; 

therefore,  nitrile-silicone  rubber  should  not  be  used  for  these 

applications. 

Electrical  Insulation,  Tape,  and  Inserts.  The  recommended 

radiation  tolerance  for  silicone  rubber  employed  as  electrical 

insulation,  electrical  tape,  or  inserts in electrical  connectors 

is 1 x 10 ergs/gm(C). At this  exposure  the  electrical  insula- 9 

ting  properties  of  silicone  rubbex  have  not  degraded;  however, 

the  degradation in its  mechanical  properties,  i.e.,  reduction in 

tensile  strength  and  elongation  to  about 40% of  their  preirradia- 

tion  values,  limits  its  usefulness  at  higher  exposures. 

Sealants  and  Packing.  The  recommended  radiation  tolerance 

for  silicone  rubber  sealants  and  packing  is 1 x 10  ergs/gm(C). 9 

This  is  the  exposure at  which  all  types  of  silicone  rubber 
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r e t a i n   a t   l e a s t  40% of   t he i r   p re i r r ad ia t ion   va lues  o f  both  elonga- 

t i o n  and t ens i l e   s t r eng th .  

Spacers, Grommets, Sleeves,  Tubing,  Liners,  Thermal  Insulation, 
and  Molding. The recommended rad ia t ion   to le rance   for   these  

9 appl icat ions  of   s i l icone  rubber ,  2 x 10 ergs/-((=) , is  the  ex- 

posure a t  which many chemical  formulations  of  silicone  rubber 

begin to phys ica l ly   de te r iora te .  

Pot t ing.  The recommended r ad ia t ion   t o l e rance   fo r   s i l i cone  

rubber  pott ing compounds used  for   encapsulat ing  e lectr ical  com- 

ponents, 2 x 10 ergs/gm(C), i s  the  exposure a t  which many  chem- 9 

ical   formulat ions  of   s i l icone  rubber   begin to phys ica l ly   de te r ior -  

ate. 

4.3.18.2 Silicone  Resin 

S i l icone   res ins  which are   used  in   conjunct ion  with  coat ings 

are not  seriously  degraded a t  exposures  of 1 x 10" ergs/gm(C) 

and, w i t h  t h e   p r o p e r   f i l l e r ,   a r e   s a t i s f a c t o r y  t o  1 x 10 ergs /  11 

gm(C) (Ref. 5 , p.  99) .  The presence  of  phenyl  groups i n   t h e  

s i l i cone   cha in   i nc reases   r ad ia t ion   s t ab i l i t y ,  whereas  the addi-  

t ion  of   methyl   groups  increases   f lexibi l i ty .  

Coatings and Primers. The recommended rad ia t ion   to le rance  

for   s i l i cone   res in   base   coa t ings  and  primers i s  1 x 10" ergs/gm 

(C). A t  th i s   exposure ,   the   mater ia l  w i l l  only be s l i g h t l y   a f -  

fec   t ed  . 
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4.3.19 Teflon 

Teflon i s  employed for  numerous applications  in  the S- I1  and 

S-IVB stages of the  Saturn V vehicle.  Establishing  radiation 

tolerance limits for  these  applications i s  complicated by  many 

factors. Firs t ,  there  are two chemical  compositions for  Teflon: 

Teflon TFE (tetrafluoroethylene) and Teflon FEP (fluorinated 

copolymer of ethylene and propylene). Secondly, tes ts   indicate  

that  the  effects of radiation  are dependent upon the  tes t  environ- 

ment, i . e . ,  temperature,  atmosphere, and t e s t  specimen thickness. 

Kerlin and Smith (Ref- 15, p. 218) irradiated Teflon W E  

and Teflon FEP of varying  thickness  ranging between 2 and 40 m i l s  

t o  exposures up t o  9 . 7  x LO9 ergs/gm(C) i n  both a i r  and vacuum 

and subsequently tensile  tested  the specimens i n   a i r .  Their 

data  indicate: 

1. 

2. 

3 .  

4 .  

The 

The thickness of the  material  affects  the u l t i -  
mate values  in  both  air and vacuum  by a factor 
of two ,  the  thicker specimens being affected  less 
by radiation. 

In vacuum, 10-mil-thick  Teflon FEP film  retains 
i t s  elongation  property at   radiat ion exposures 
ten times  higher  than does Teflon TFE. 

I n   a i r ,  Teflon FEP i s  a factor of 1 6  more resis-  
tant than  Teflon W E .  

Teflon FEP retains i t s  elongation p rope r ty  t o  
a factor of 2 higher dose i n  vacuum than in  
a i r .  

i r radiat ion temperature strongly  influences  the radia- 

tion  tolerance of Teflon,  as i s  evidenced by experimental  data a t  
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7 an  exposure of 2 .6  x 10 ergs/@((=)  in which Teflon W E  showed 

decreases in  tensile  strength of 40% and 60% a t  70°F and  350°F, 

respectively,  but  exhibited only negligible changes a t  -350°F 

(Ref. 5,  p .  105). 

Since there i s  a significant  difference  in  the  radiation 

s t ab i l i t y  of Teflon TEE and Teflon FEP, recommended radiation 

tolerances  are  presented  for  both  types of Teflon. These  recom- 

mendations are based upon tests performed i n   a i r   a t  room tempera- 

ture (Ref. 10, p.  25, Ref. 19 , p. 43, and Ref. 23, p. 677). These 

data  are  presented below. 

Type Proper ty  Affected Damage a t  Dose i n  Ergs/gm(C) 
Of Teflon Incipient 25% 50% 

TFE Tensile  strength 2.1x106 1. ~ ~ 1 0 7  9 . 1 ~ 1 0 7  
FEP Tensile  strength Not measured 4 . 0 ~ 1 0 ~  l.0x109 

TFE 1 . 5 ~ 1 0  3. 4x106 7 .3~10 6 Elangation 
FEP Elongation Not measured 1. 2x107 7 .  Ox108 

6 

TFE Shear strength 1. 8x107 4. Ox107 1. 5x108 

TFE Impact strength 1. 8x107 3. 6x107 5. Ox107 

Experimental data  indicate  that Teflon  should not be adversely 

affected by an environment of cryogenic  temperatures and  vacuum, 

as i t s  radiation  stabil i ty  increases  in vacuum and a t  cryogenic 

temperatures. 

Hoses. Hydraulic  hoses which contain an inner  lining of 

Teflon TFE impregnated  with  carbon  black  should  only be  employed 

i n  environments i n  which the  integrated exposure i s  less  than 

3 x 10 ergs/gm(C).  This l i m i t  i s  based upon tes t s  performed 6 
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by Collins (Ref. 5, p .  151) who demonstrated tha t   fa i lure  of Teflon 

8 TFE hoses  occurs a t  about I x 10 ergs/gm(C) for  static  pressure 

t e s t s  and 1 x 10 ergs/gm(C) for  intermittent  pressure  tests. 7 

Since  hydraulic  hoses w i l l  be flexed and pressurized  periodically 

throughout the RNS mission,  the recommended radiation  tolerance 

limit i s  3 x 10 ergs/gm(C). 6 

Gaskets,,Valve Seats, and Seals. The primary  concern for  these 

applications i s  radiation damage resul t ing  in  leakage of gases 

and fluids  as  well  as  physical  deterioration of the  gasket and 

subsequent  contamination of the  fluids which could  cause  malfunc- 

t ion o f  valves o r  increased system pressure due t o  plugging of 

f i l t e r s .  The  recommended radiation  tolerances  for  Teflon TFE 

and Teflon FEP gaskets,  seals, and valve  seats  are 7 x 10 ergs/ 

gm(C) and 7 x 10 ergs/gm(C), respectively.  Physical  deterioration 

b 

8 

should no t  occur below these  levels. 

Retainer Rings. Radiation  causes  Teflon  retainer  rings t o  

harden and  become b r i t t l e ;  however, they  should be usable  as long 

as  neither  elongation nor tensile  strength degrades below 50% of 

i t s  preirradiation  value. Therefore, the recommended radiation 

tolerance  for Teflon TFE and Teflon FEP retainer  rings  are 7 x 

10 ergs/gm(C), and 7 x 10 ergs/gm(C), respectively,  the exposure 

a t  which elongation  decreases by 50%. 

6 8 

Packing and 0-Rings.  Teflon  packings and O-rings are used 

in  the  construction of valves and transducers.  In  these 
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applications,  Teflon should function  satisfactorily  as long as 

i t s  tensile  strength and elongation  maintain a reasonable  value 

and the  material does not  physically  deteriorate. The recornended 

tolerance  for  Teflon TFE packings and O-rings i s  7 x 10 ergs/ 6 

gm(C), the exposure a t  which i t s  elongation and tensile  strength 

have decreased t o  50% and 85%, respectively, of their   preirradia- 

tion  values. The  recommended radiation  tolerance  for Teflon FEP 

packings and O-rings, 7 x 10 ergs/gm(C) , i s  the exposure a t  which 8 

i t s  tensile  strength and elongation have decreased by approximately 

50%. Physical  deterioration i s  not  anticipated a t  these  exposures. 

Tape. Teflon TFE tape i s  used for  identification purposes 

and t o  hold  thermal insulation on pipes  containing  cryogenic 

fluids o r  hot  gasses. The  recommended l i m i t  for  these  noncrit ical  

applications i s  2 x 10 ergs/gm(C), the exposure a t  which i t s  7 

elongation and tensile  strength have decreased t o  25% and 70%, 

respectively, of their preirradiation  values. 

Bearings and Bushings. The  recommended radiation  tolerance 

for  Teflon TEE bearings and bushings, 3 x 10 ergs/gm(C) , i s  the 7 

exposure a t  which i t s  impact strength has decreased by 25%. The 

8 recommended radiation  tolerance  for Teflon FEP bearings , 7 x 10 

ergs/gm(C), i s  the exposure a t  which i t s  mechanical properties 

begin t o  degrade rapidly. 

Inserts.  The  recommended radiation  tolerance  for Teflon TFE 

inser t s ,  which are used t o  p in  parts on shafts and perform 
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functions  similar t o  shear  pins, 3 x 10 ergs/gm(C), i s  the ex- 7 

posure a t  which the  shear  strength has decreased 10% from i t s  pre- 

irradiation  value; however, shear  strength  decreases  very  rapidly 

7 a t  exposures greater  than 4 x 10 ergs/gm(C). 

Backing for  Explosives.  Teflon TFE i s  employed as backing 

for  the  linear shaped charge assembly explosive  materials. The 

recommended radiation  tolerance, 5 x 10 ergs/gm(C), i s  based 7 

upon a conservative  estimate of the  radiation exposure a t  which 

the backing material  begins t o  physically  deteriorate. 

Face-Coated Seals.  Teflon TFE face-coated  seals of a design 

similar t o  MC252C4TA (corrosion  resistant  steel  coated  with 

0.0005 in. of Teflon  primer and 0.0010 in. of black  Teflon enamel) 

are used  throughout the  propellant management  and pneumatic sys- 

tems. Since the mass  of material i s  small,  physical  deterioration 

has been used t o  establish  the  radiation  tolerance  for  these 

seals. Although the  forces  holding  the  seals  in  position should 

prevent  contamination of the  f luids  if   the Teflon  coating  deteri- 

orates,  the recommended radiation  tolerance  for Teflon TFE face- 

coated  seals, 1 x 10 ergs/gm(C) , i s  s l igh t ly  below the exposure 8 

a t  which physical  deterioration  begins. 

Electrical  Insulation.  Teflon  insulated  wires have  been 

tested while  being irradiated and af te r   i r rad ia t ion  t o  exposures 

of up t o  8.7 x 10" ergs/gm(C) (Ref. 6 ,  p. 627).  These tes t s  

indicate  that good insulation  properties  are  retained even though 
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the  mechanical  properties are severely  degraded  and  physical  de= 

te r iora t ion   has   occur red .  The recommended r ad ia t ion   l imi t s   fo r  

Teflon TFE and  Teflon FEP insu la ted  wires are 1 x 10 and 1 x 10 

ergs/gm(C),  respectively.  These limits, which are s l i g h t l y  below 

8 9 

the  exposures a t  which  physical   deter iorat ion  occurs ,  are recom- 

mended s ince  wires may be  subjected  to  mechanical  strain.  

Sleeves. The recommended rad ia t ion   to le rance   for   Tef lon  'SFE 

sleeves, which are used t o  bundle   wir ing  harnesses   and  faci l i ta te  

harness  routing as well as t o  pro tec t   the  wires from physical  

damage, 1 x 10 ergs/gm(C), i s  based upon phys ica l   de te r iora t ion  

l imi t ing  i t s  useful lness .  

8 

Adapters,  Pads,  and  Spacers. The  recommended r ad ia t ion  

tolerance  for  Teflon  adapters,   pads,   and  spacers,   which are u t i -  

l i zed   t o   s epa ra t e  components  and maintain them i n   f i x e d   p o s i t i o n s  

relative t o  one another,  i s  based upon phys ica l   de te r iora t ion  

l imi t ing  i t s  usage. The  recommended limits for   Teflon TFE and 

Teflon FEP i n   t hese   app l i ca t ions  are 1 x lo8 and 1 x 10 ergs/@ 

(c )  , respect ively.  

9 

Grommets.  The  recommended radiat ion  tolerances  for   Teflon 

TFE and  Teflon FEP grommets are 1 x lo8 and 1 x 10 ergs/gm(C), 

respectively,   based upon phys ica l   de t e r io ra t ion   l imi t ing   t he i r  

useful lness .  

9 
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4.3.20 Teflon,  Filled 

4 .3 .20 .1  Teflon,  Fiberglass  Filled 

Armalon, which i s  a trade name for  fiberglass  reinforced 

Teflon (either 

i n  a radiation 

perature. The 

2 3 ,  p .  673):  

TFE o r  FEP) manufactured by DuPont, has been tested 

environment a t  both room temperature and LH tem- 

resul ts  of these  tests  are summarized  below (Ref. 

2 

1. 

2. 

3 .  

4.  

The incipient damage threshold  for  tensile 
strength i s  approximately 1 x lo9  ergs/gm(C) 
for  both FEP and TFE Teflon  type Armalon a t  
both room and LH2 temperatures. The 25% damage 
threshold i s  approximately 5 x lo9  ergs/=((=) 
for specimens i r radiated  in  I;H and a i r .  The 
50% damage threshold i s  about 2 x 1O1O ergs/ 
P ( C )  

The elongation  of  both FEP and TFE Teflon  type 
Armalon a t  room temperature ( <1.5%) i s  re la t ively 
unaffected a t  exposures up t o  2 x 1010 ergs/ 
P ( C )  1 
The elongation of FEP Teflon  type Armalon, when 
t e s t ed   a t  LEI temperature, s t a r t s  t o  decrease a t  
1 x lo9 ergs 3 gm(C), and the 25% damage threshold 
i s  5 x 109 ergs/gm(C>. 

Armalon delaminates a t  exposures greater  than 
I x 1011 ergs/gm(C). 

In  addition t o  Armalon, several  other  fiberglass  reinforced 

Teflon  materials  are used i n  Saturn V components.  These include: 

Rulon, which i s  a trade name of the Dixon Corporation for Teflon 

TFE reinforced  with  inorganic  fillers such as  fiberglass; Fluoro- 

gold, which i s  25% by weight f iberglass   f i l led Teflon TFE manu- 

factured by the Fluorocarbon Co. ; and  Fluorocomp #105, which i s  

4-47 



also 25% by weight f iberglass   f i l led Teflon W E  manufactured by 

Liquid  Nitrogen Co. The effects  o f  radiation on these  materials 

are assumed t o  be similar t o  those  for Armalon. 

Seals,  Gaskets, and  Valve Seats. The  recommended radiation 

tolerance  for  fiberglass  filled Teflon TFE seals,  gaskets, and 

valve  seats i s  5 x 10 ergs/gm(C), the exposure a t  which Teflon 

TFE type Armalon begins t o  degrade rapidly. 

9 

Bearings and Inserts.  The  recommended radiation  tolerance 

for   f iberglass   f i l led Teflon TFE bearings i s  8 x lo9  ergs/gm(C), 

the  exposure a t  which the impact and compressive strengths of 

Armalon begin t o  decrease. 

Retainer  Rings,  Pads,  Spacers, and Sleeves. The  recommended 

radiation  tolerance  for  these  applications i s  1 x 10" ergs/=((=), 

the  exposure a t  which the  tensile  strength of  Armalon decreases 

t o  50% of i t s  preirradiation  value. 

4 . 3 . 2 0 . 2  Teflon,  Asbestos Fi l led 

The addition o f  f i l l e r s  such as  asbestos and fiberglass can 

significantly improve the  radiation  stability of Teflon. Duroid 

5600 ,  fiberglass  filled  Teflon, was unaffected a t  an exposure of 

1.1 x 10 ergs/gm(C) when tes ted   in  a vacuum a t  cryogenic tern- 

perature (Ref. 15, p .  2 3 6 ) .  Although no radiation  effects  test  

data could be located  for  asbestos  filled  Teflon, i t  i s  believed 

t o  have properties  similar t o  f iberglass   f i l led Teflon. 

10 
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Spacers. The  recommended radiation  tolerance  for t h i s  non- 

cr i t ical   appl icat ion of asbestos  f i l led Teflon i s  1 x 10" ergs/ 

gm(c) 

4 .3 .21  Viton A 

Viton A ,  a copo.lymer  of hexafluoropropylene and vinylidene 

flaoride,  i s  employed as O-rings  throughout the  propellant  feed 

system.  Viton A ,  both  with and without  antirad compounds, has 

been tes ted   in   a i r  and vacuum a t  exposures of up t o  1 x 10" ergs/ 

gm(C) yielding  the  following  results: 

1. 

2 .  

3 .  

4 .  

5 .  

Seven different chemical  formulations  (Viton A-12 
through A-18)  were tes ted   in   a i r  a t  room temper- 
a ture   af ter  an exposure of 8.7 x l o 9  ergs/gm(C). 
Hardness increased between 15% and 45%; elonga- 
t ion decreased between 85% and 94%; and tensi le  
strength  varied between -20% and +38% (Ref. 5 ,  
p.  1 3 5 ) .  

Carbon black  as  well  as  five  different  antirad 
materials were compounded with Viton A; however, 
no improvement was noted for any mixture a t  an 
exposure  of  8.7 x l o 9  ergs/gm(C) (Ref. 5 ,  p .  1 3 4 ) .  

The exclusion of a i r  (oxygen) increases  the ap- 
parent  radiation  resistance of Viton A (Ref. 5 ,  
p .  136). In vacuum there was  no significant 
change in   tensi le   s t rength  a t  an exposure of 1 x 10 10 
ergs/gm(C) a t  room temperature; however, the 
elongation  decreased by about 50% (Ref. 7 ,  p. 244) .  

After   i r rad ia t ion   in   a i r  a t  75'F, Viton A-HV 
showed a 100% compression s e t   a t  an  exposure of 
1 x 101o ergs/gm(C) (Ref 6 ,  p. 4 6 ) .  

In  air , Viton A reaches ghe damage threshold  point 
a t  an exposure of 5 x 10 ergs/gm(C) and a 25% 
damage point a t  6 x l o 9  ergs/gm(C) (Ref. 6 ,  p.  5 8 ) .  
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0-Rings  and  Ring  Seals.  The  recommended  radiation  tolerance 
9 for  Viton A O-rings  and  ring  seals, 6 x 10 ergs/gm(C),  is  the 

exposure  at  which  elongation  begins  to  decrease  very  rapidly. 

No data  were  found  regarding  irradiation  at  cryogenic  temperature 

as  this  material  is  normally  used  at  elevated  temperatures. 

4.4 Data  Summary  for  Adhesives 

Various  types of adhesives  are  employed  for  bonding  metals, 

gaskets,  and  insulation  materials.  The  effects of radiation on 

the  shear  strength  of  adhesives at room  temperature  are  pre- 

sented in Table 4-6 for  materials  irradiated  in  both  air  and in 

vacuum. In addition  to  these  data,  radiation  effects  test  ex- 

perience  indicates: P 

1. 

2. 

3 .  

Adhesives  developed  for  high-temperature  use, 
such  as  the  phenolic-epoxy t p s ,  have  better 
resistance  to  radiation  than  the  thermoplastic 
and  general-purpose  types. 

Lap-shear  specimens  prepared  with  epoxy,  epoxy- 
phenolic , vinyl-phenolic , nitrile-phenolic,  and 
glass-supported  epoxy-film  adhesives  were  irra- 
diated in air  and in vacuum (10-6 torr)  to an 
exposure of 1 x 109 ergs/gm(c) at  a  temperature 
of 100°F. The  specimens  were  then  tested  for 
shear  strength  at  a  temperature  of -300OF. In 
all  cases,  the loss in shear  strength  was  small 
and  the  original  strength of the  adhesive  bond 
specimens  could  be  considered  adequate  for  the 
design of parts  to be  subjected  to  the  above 
conditions. 

Epoxy,  epoxy-phenolic,  vinyl-phenolic,  nitrile- 
phenolic,  and  glass-supported  epoxy-film  ad- 
hesives  were  irradiated  to 1.7 x 10 9 ergs/= 
(C) in  vacuum  at  ambient  temperature.  Results 
indicate  that  the  cryogenic  temperature  and 
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Table 4-6 
EFFECTS  OF  RADIATION  ON THE SHEAR 

STRENGTH  OF  ADHESIVES$\ 

Adhe s ive 

Epox 929 
Epon 934 
Epon  VI11 
FB-1000 
Met  lbond 
Met  lbond 
HT-424 
Hexcell-422J 
Narmco  A 
Metlbond 408 

FM-47 
Metlbond 4021 
AF-6 
APCO 1252 
Narmco  C 
Aerobond 430 
EC-1469 
AF-31 
AF-32 
EC 1639 

5 P e  

EPOXY 
EPOXY 
EPOXY 
Epoxy-Nylon 
Epoxy-Nylon 
Epoxy-Nylon 
Epoxy-Phenolic 
Epoxy-Phenolic 
Modified  Epoxy 
Modified  vinyl- 
epoxy-nylon 

Vinyl-Phenolic 
Nitrile-Phenolic 
Nitrile-Phenolic 
Polyurethane 
Polyurethane 
Phenolic-Epoxy 
Modified  Epoxy 
Elastomer-Phenolic 
Elastomer-Phenolic 
Modified  Phenolic 

Gamma 
Exposure 

(ergs/gm(C> 

2.9 x 1O1O 
2.9 x 10" 
1.7 x 10" 
2.9 x lo1' 
1.1 x 1010 
4.9 x 1010 

3.9 x 1010 

3.9 x 1o1O 

2.9 x 10'' 

2.9 x 10" 

3.9 x 1010 

3.9 x 1010 

2.9 x 10" 

2.9 x lo1' 
2.9 x 1O1O 
1.1 x 1010 

4 x 1010 

4 x 1010 

9 x 1o1O 

6 x IO1' 

Change (%) from 
Preirrad  Value 
Irrad  Irrad 
in  Air  in Vac 
+10 
0 

no  test 
0 

+20 
-85 
-25 

no test 
-10 

no test 

-15 
-25 

no  test 
+10 

-9 0 
-10 
0 

-25 
-25 

0 

-10 

-10 

= 10 
0 

no  test 
no  test 

-10 

+5 
+20 
-75 

-45 
-25 
-5 

+10 

-50 
no  test 
no  test 
no  test 
no test 
no  test 

;\Refs. 6 and 23 
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4. 

5 .  

6. 

7. 

and vacuum environment  had  no e f f e c t  on lap-shear 
s t rength.  Specimens  prepared  with  epoxy-phenolic, 
glass-supported  epoxy-film,  and  vinyl-phenolic 
appeared  to   be  only  s l ight ly   affected by vacuum. 
The e f f e c t  was small enough that the   o r ig ina l  
strength  of  the  adhesive-bonded  specimens  could 
be   cons idered   in   the   des ign   of   par t s   for   the  
above condi t ions.  Specimens  bonded with epoxy 
and n i t r i le -phenol ic   adhes ives  showed no ind ica t ion  
of   de te r iora t ion  (Ref. 6) .  

One polyurethane-adhesive-bonded (APCO 1219)  and 
three  epoxy-adhesive-bonded (Narmco 3135 , Lefkoweld 
109,  and 3M 1469/1968) test  specimens were irra- 
d ia ted  and t e s t e d   i n  LN2. No s ign i f i can t  changes 
were n o t e d   i n   s i n g l e  l ap  shear  o r  f l a t w i s e   u l t i -  
mate s t rengths  a t  exposures up t o  1 .7  x lo9  e rgs /  
gm(C) (Ref. 6).  

I n   g e n e r a l ,   f i l l e r s  improve the   r ad ia t ion   s t ab i l -  
i t y  of an adhesive,  although in some cases a t  a 
sac r i f i ce   o f   t he   ove ra l l   shea r   s t r eng th .  The 
cur ing   agent   and   reac t ive   d i luent   used   in  epoxy 
adhesives w i l l  a l so   in f luence   the   rad ia t ion  sta- 
b i l i t y   o f   t he   adhes ive .  Aromatic curing  agents 
generally  produce more r a d i a t i o n   r e s i s t a n t  com- 
posi t ions  than do the   a l ipha t ic   cur ing   agents .  

Nitrile rubber/phenolic  adhesives  which  have  basic 
ingredients  similar t o  Buna N maintain good 
s t  ength  propert ies   af ter   exposures  up t o  5 x 
10'' ergs/gm(C) when i r r a d i a t e d  and t e s t e d   i n  
a i r  a t  room temperature (Ref,, 6) .  

No data  were found  regarding  the  effects  of ra- 
d i a t ion  on polysulfide  base  adhesives;  however, 
since  polysulfide  rubber  has  poor  radiation 
s t ab i l i t y   (bo th   e longa t ion  and t e n s i l e   s t r e n g t h  
decrease by 50% a t  1 x lo1@ ergs/gm(C))  (Ref. 6 ,  
p .  67) , polysulfide  base  adhesives are not  recom- 
mended for  exposures  greater  than 6 x lo9  e rgs /  
gm(c) 

The  recommended radiat ion  tolerance,   based on the  exposure 

a t  which  the  shear  strength  begins t o  decrease, i s  1 x 10 10 
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ergs/gm(C) for  polyurethane, epoxy, Buna N ,  and silicone  adhesives. 

The  recommended radiation  tolerance  for  polysulfide  base  adhesives 

i s  6 x 10' ergs/@((=). 

4.5 Data Summary for  Fiberglass Laminates 

Fiberglass  laminated  with  various  thermosetting  resins is  

used primarily  for  spacers and doublers. The selection of the 

binding resin i s  dependent upon the mechanical properties  desired 

and the  anticipated environment. 

Radiation  effects  test  experience  with  organic  binders and 

laminates i s  summarized  below: 

1. The mechanical propert ies  of silicone,  phenolic, 
polyester,  polyurethane, and  epoxy binders were 
not  significantly degraded when irradiated t o  
doses  through  8.3 x 10" ergs/gm(C) (Ref. 5, 
p .  153). 

2.  The effect  of f iberg lass   f i l l e rs  on the  radia- 
t ion   s tab i l i ty  of polyester and silicone  resins 
i s  i l lus t ra ted  by the  following  data (Ref. 19, 
p. 83) :  

Binder Damage a t  Dose i n  Ergs/gm(C) 
Material  Fiber Incipient 25% 50% 
Polyester  Unfilled 6x107 1x108 5x109 

Glass Fiber 6x1010 5 ~ 1 0 ~ ~  1x1OI2 
Silicone  Unfilled 1x108 4x108 2x1011 

Glass Fiber 2X1O1l 1x1012 8 ~ 1 0 ' ~  

3. No changes were detected  in either the  tensile 
strength o r  elongation of the  following  structural 
laminates when they were i r radiated  in  a vacuum 
t o  exposures i n  excess of 7.5 x 109 ergs/gm(C) : 
DC-2106 (silicone  resin) , CTL-91-ID (phenolic 
resin) , Conolon 506 (phenolic  resin) , Mobiloy 
AH-81 (phenolic  resin) , and Epon  828 (epoxy resin) 
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(Ref. 7,  p. 90). 

4.  The ultimate  tensile  strength of  Conolon 506 
and Epon  828 increased by approximately 25% 
when i r radiated  in  a vacuum t o  an  exposure of 
1.3 x 1O1O ergs/gm(C). The ultimate  strength 
increased by approximately 50% a t  an exposure 
of  2 x 10" ergs/gm(C) (Ref. 6 ,  p.  A-37). 

Spacers and Doublers. The  recommended radiation  tolerances 

f o r  structural  laminates of fiberglass and various  organic  binders 

are : 

Binder 

Polyester 
Phenolic 

EPOXY 
Polyurethane 
Silicone 

6 x lo9 
2 x 1o1O 

2 x 1010 
2 x 1010 
2 x 1011 

The  recommended limits, which are based upon exposures a t  which 

tensile  strength  begins t o  decrease,  are  very  conservative  since 

the laminated  spacers and doublers  are  not  designed t o  meet r igid 

s t ructural  requirements. 

4 . 6  Data Summary for  Fluids and Lubricants 

4 .6 .1  Hydraulic Fluid 

MIL-H-5606, a petroleum-base fluid  specified  for  the S-I1 

and S-IVB hydraulic  systems, i s  relatively  radiation  sensitive. 

The rather  limited  irradiation  data shows the  material t o  decrease 

in   viscosi ty  and increase  in  neutralization number and oxidation 

corrosion.  Considerable  gas  evolution has been observed i n  some 

tes t s .  B o l t  and Carrol (Ref. 24 , p. 398) state  that  degradation 
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8 becomes measurable a t  5 x 10 ergs/gm(C) and excessive a t  5 x 10 

ergs/gm(C) 

9 

In a pump loop test  a t  Convair, a MIL-H-5606A fluid  operated 

successfully  in  a  radiation  field  for 50 hours.  After an ex- 

posure of about 2 x 10 ergs/gm(C) the  viscosity  at  -65OF had 

decreased from 1904 cs t o  1304 cs,  and a t  100°F it  was 10.2 cs 

compared t o  the  preirradiation 14.5 cs. The neutralization number 

increased from 0.07 t o  0.22. Statically  irradiated samples showed 

less change in  these  properties  after a similar exposure. 

8 

Oronite 8515, a  blend of MIL-0-8200 (a disiloxane) and 15% 

di(2-ethylhexyl)sebacate, has better  radiation  stability  than 

MIL-H-5606. Oronite 8515 i s  a  higher  temperature f luid (400°F), 

but  otherwise has specifications (MIL-H-8446A) similar to MIL-H- 

5606. In a pump loop t e s t  a t  Convair, Oronite 8515 was exposed 

a t  a ra te  of 1.8 x 10 ergs/gm(C)-h. The system operated  for 

13.6 h (2 x 1O1O ergs/gm(C)) but  the  fluid was out of specifi- 

cation on  many points. It was concluded, however, that   the  f luid 

would probably be satisfactory t o  about l o l o  ergs/gm(C). A t  th i s  

exposure, viscosity changes were not  large  except a t  -65'F 

(3522 cs  vs  preirradiation 2300 cs).  The flash  point had de- 

creased t o  310°F from 375'F (and 180°F a t  the end of  the  tes t ) .  

9 

In  a l a t t e r   t e s t   a t  a much lower dose rate  (concurrent  with 

the test  of MIL-H-5606 cited above),  Oronite 8515 was operated 

i n  a pump loop for 50 hours to a dose of about 2 x lo8 ergs/gm(C). 
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Changes i n  p rope r t i e s  were s l igh t   excep t   t ha t   t he   f l a sh   po in t  

changed  from 380°F t o  33OoF. 

Hydraulic  Fluid. The recommended radiat ion  tolerance  of  

MIL-H-5606 type   f lu id  i s  5 x 10 ergs/gm(C)  based  on  moderate 8 

property  changes  in  pump-loop tests. The recommended to le rance  

for   Oroni te  8515 i s  5 x 10 ergs/gm(C).  These o r   o t h e r   f l u i d s  9 

to   be  considered  for   use on the  RNS should  be  evaluated  under 

condi t ions   spec i f ica l ly   re la ted   to   the   requi rements .  

4.6.2  Lubricants 

4 .6 .2 .1  S i l icones  

The r a d i a t i o n   s e n s i t i v i t y  of t he   va r ious   s i l i cones  varies 

over a r a t h e r  wide  range. DC-510, which i s  used as a lub r i can t  

i n  several Saturn V components,  appears  to  be  one  of  the least 

s a t i s f a c t o r y   f o r   u s e   i n  a radiation  environment. Data from t e s t a  

a t  Convair show an   i nc rease   i n  100°F v iscos i ty   o f  48% f o r  DC-510 

i r r a d i a t e d   t o  7.4 x 10 ergs/gm(C); af ter  a dose  of  7.0 x 10 

ergs/gm(C)  the material had s o l i d i f i e d .  

8 9 

DC-710, a methylphenyl  si l icone, was a l s o   t e s t e d  a t  Convair. 

After a dose  of 7.0 x 10 ergs/gm(C) the  100°F v i s c o s i t y  had 

increased 22%; af ter  an  exposure  of  2.5 x 10" ergs/gm(C)  the 

100 F v i s c o s i t y  had  increased 840% but   the material had n o t   s o l i d i -  

f i e d .  DC-710 a l so   has  a much lower gas evolut ion rate than  does 

DC-510, less than  0.5 m l / m l  vs 2 m l / m l  a t  a dose  of 1 x l o l o  e rgs /  

gm(C) .  Data given  in   Reference 25 for  copper  phthalocyanine 

9 

0 
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thickened DC-710 indicates  the  grease t o  be only  moderately 

affected  after an exposure of 1 x 10" ergs/gm(C). 

Silicone  Lubricant. The  recommended radiation  tolerance of 

8 DC-510 i s  8 x 10 ergs/gm(C) based on a 50% increase  in  viscosity 

a t  100°F.. The  recommended radiation  tolerance  for DC-710, which 

would probably be an acceptable  substitute  for DC-510 ,  i s  1 x 10 10 

ergs/gm(C) based on an estimated 50% increase  in  viscosity a t  

100°F. 

4.6 .2 .2  Halocarbons 

Several  chlorofluorocarbons (Kel-F 90, Fluorolube Gd 362,  

Halocarbon 2s-10M) of the Kel-F type are used as  lubricants. 

These are low-molecular  weight polymers of chlorotrifluorethylene 

which are  separated  into  fractions by vacuum dis t i l l a t ion .  Kel-F 

brand o i l s  and  waxes have been reported (Ref. 2 6 )  t o  have minor 

changes in   v i scos i ty   a f te r  an exposure of 2 x 10 ergs/gm(C). 

However, acid numbers  had increased markedly.  Fluorocarbons have 

been  observed t o  produce strong,  corrosive  acids under i r rad ia t ion  

(Ref. 24 , p. 14) ; th i s  i s  i n  agreement with  results  reported  for 

Kel-F p las t ic  (Ref. 5,  p .  91).  

10 

No specific  data were found for  the Teflon-base lubricants. 

It should  be assumed,  however, that  the  lubricant would have a 

low radiation  tolerance  as does the   p las t ic ,   i . e . ,  1 x 10 ergs/ 8 
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Halocarbon Grease. The  recommended radiat ion  tolerance  of  

Kel-F-base grease i s  1 x  10 ergs/gm(C). The lubr icant  i s  probably 9 

usable  t o  higher   doses ,   but   the   lack  of   data ,   par t icular ly  on the  

formation  of  corrosive  products,   requires  caution  in  the  use  of 

t h i s  material in   l ong-dura t ion   app l i ca t ions   i n  a radiat ion  environ-  

ment. 

The  recommended radiation  tolerance  for  Teflon-base  grease 
8 is  1 x 10 ergs/gm(C)  based so le ly  on the  low rad ia t ion   to le rance  

of  Teflon plast ic .  

4.7 Data Summary for  Miscellaneous Materials 

4 .7 .1  Leather 

Leather  backup  rings, similar to   those  employed i n   S a t u r n  V 

appl ica t ions ,   per formed  sa t i s fac tor i ly   in   an   e lec t ro-hydraul ic  

servo  loop when exposed t o  5 x 10 ergs/gm(C)  (Ref. 5, p.  157). 

Although  leather  backup  rings  can most probably  function  adequately 

a t  higher  doses,   the recommended rad ia t ion   to le rance  i s  5 x  10 

9 

9 

ergs/gm(C),  since  experimental  data do n o t   e x i s t  a t  higher  ex- 

posures. 

4.7.2 Cork 

Two laminated  cork  board  insulation  samples were i r r a d i a t e d  

to  an  exposure  of 6.9 x lo1' ergs/=((=). No phys ica l   de te r iora-  

t ion  vas  observed a t  this   exposure ( R e f .  27,  p.  31). 
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A corkboard material  (Insulcork 7326)  was irradiated and 

tested  as compression and lap-shear specimens (Ref. 21). The 
10 results of t es t s  performed i n   a i r   a f t e r  exposures of 5-6 x 10 

ergs /b(C)   in   a i r  and LH show: 2 
1. Strength a t  10% deflection was 46.5% and 89.7% 

of the  air  control  value  for specimens irradia- 
t ed   i n   a i r  and LH2, respectively. 

2. The shear  strength  with  several  different ad- 
hesives was 56% t o  64% of the  air  control  value 
for  specimens i r rad ia ted   in   a i r ,  and 102% t o  
130%  of the  air  control  value  for specimens i r ra -  
diated  in LH2. 

Insulcork 7326 tested  as a composite with  several  types of 

vapor barriers  retained from 54% t o  67% of i t s  flatwise  tensile 

strength  after  irradiation t o  a dose of 7.5 x 10 ergs/gm(C) 10 

i n   a i r ,  and  from 92% t o  106% a f t e r  an  exposure of 8.3 x 10" ergs/ 

gm(C) i n  LH2 (Ref. 21). 

However, i n  an i r r ad ia t ion   t e s t   i n  which a corkboard  laminate 

was used as  insulation on a l iquid hydrogen f i l l e d  dewar (Ref. 21) , 
a detonation  occurred in   the cork a f t e r  an exposure of about 

1.5 x 10" ergs/gm(C) . The rather  extensive damage t o  the  insula- 

t ion was at t r ibuted t o  a detonation of a hydrogen-oxygen mixture 

in i t ia ted  by the  pressure-induced  rupture of a vapor barr ier .  

Hydrogen gas i s  a radiolytic decomposition  product and  oxygen 

(air)  i s  trapped i n  the  cork  or any voids. 

Based  upon th i s  experience,  the recommended radiation t o l -  

erance of  cork i s  l x 10" ergs/gm(C). 
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V. RADIATION  ENVIRONMENT 

The cumulat ive  doses   required  for   the  Saturn V analyses were 

ca l cu la t ed  by methods  which provide a degree of accuracy  appro- 

pr ia te   to   the  requirements   of   this   s tudy  and  which  a l low  the 

generat ion  of   ra ther   extensive  and  detai led  data  as economically 

as poss ib le .  The gamma-ray source terms were obtained  by  repre- 

sen t ing  t h e  Aerojet   Nuclear   reference  data   for   the full-flow 

engine  (Ref. 4 )  i n  terms of a few nonisotropic  point  sources.  

Attenuation  in  l iquid  hydrogen was ca l cu la t ed  by the   use   o f  

infinite-medium  buildup  factors  derived from moments method da ta ;  

t h i s  method was checked  and  monitored for  accuracy  by  comparison 

w i t h  calculat ions  based on s i n g l e   s c a t t e r i n g   w i t h   i n f i n i t e -  

medium buildup on the  second  leg.  

5 .1  Unattenuated G a m m a  Dose Rates 

The Aerojet   data  on unattenuated gamma dose rates were ex- 

tended by loca t ing  a small set of   nonisotropic   source  points   in  

t h e  v ic in i ty   o f   the   reac tor   core ,   which ,   g iven   appropr ia te  

direct ional   s t rengths ,   reproduced  the  given  isodose  curves .  

The dose rate was assumed t o   f a l l   o f f  as distance  squared  along 

a given  direct ion re la t ive t o  a source  point .  A d i f f e r e n t i a l  

ana lys i s  shows t h a t  fo r   de t ec to r   pos i t i ons   l y ing  more than 250 

in .  from t h e  core   center   the  unat tenuated  dose rate can  be 

a t t r i b u t e d   t o  a s ingle   nonisotropic   source a t  the   co re   cen te r ,  
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w i t h  an  accuracy  of  about 20% o r   b e t t e r .  The unattenuated gamma 

dose rate ranges from about 6 x lo7 ergs/gm(C)-h a t  t h e  tank 

bottom to  about  1 x 10 ergs/gm(C)-h a t  the  top  of a t y p i c a l  con- 6 

f igurat ion.   Figure  5-1 shows isodose rate curves   ou t   to  several 

hundred  inches  from the   fu l l - f low NERVA. 

5.2 Mission-Integrated Gamma-Ray Doses 

5.2.1 Method of  Calculation 

5.2.1.1 Gamma-Ray At tenuat ion   in  LH2 

Figure 5-2 shows a set of a rb i t ra r i ly   normal ized   po in ts  

taken from SHADRAC r e s u l t s  on gamma-ray a t t enua t ion   i n   l i qu id  

hydrogen. The squares  correspond  to a p lane   f i s s ion   source .  

The circles represent  the  experimentally  measured  distance- 

squared  weighted  dose rate from t h e   r e a c t o r  (ASTR) s i tua t ed   on ly  

134 c m  below t h e  hydrogen  surface. The two sets of  data are 

essentially  exponential   and  have  nearly  the same e f f e c t i v e  

removal  coefficient.  T h i s  comparison shows t h a t  gamma-ray dose 

rate a t t e n u a t i o n   i n   a n   i n f i n i t e   l i q u i d  hydrogen medium i s  rather 

i n s e n s i t i v e   t o  t h e  detailed  shape  of t h e  incident  spectrum, 

which r e s u l t  is  supported by t ransport- theory  considerat ions  for  

a case where pair   product ion i s  absent  and  where  the gamma spec- 

trum decreases  with  increasing  energy  but i s  nonvanishing  over 

a fair ly   extensive  range  of   energy.  On t h e  basis   of   es t imated 

gamma spec t r a  from NERVA a t  various emergence i n t e r v a l s ,  i t  i s  

concluded t h a t  the  indicated  removal   coeff ic ient   should  give 
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MOMENTS METHOD: PLANE  FISSION SOURCE 

o MOMENTS METHOD: R2 x ASTR SOURCE 
AT -134 cm 

-1 -PX e ; P = 0.00407 c m  

1 
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LH2 Path (cm) 

Figure 5-2 Gamma-Ray  Attenuation  in  an  Infinite 
LH2 Medium 



dose ra te  accuracy  to  30% over two decades  of gama  a t tenuat ion  

i n  an i n f i n i t e  medium of l i q u i d  hydrogen. 

The l imi t a t ion  on t h e  v a l i d i t y  of constant  removal c ross  

sec t ions   i n   l i qu id  hydrogen  derives less from spectral   hardening 

than from the f a c t  t h a t  the  infinite-medium  assumption i s  not  

necessar i ly   appl icable   to   large  penetrat ions  through  small-angle  

conical  volumes. In  t h e  case  of  hydrogen  propellant  tanks, un- 

a t tenuated gamma rays  reaching  the w a l l  a t  po in ts  well above the  

tank  bottom may be   sca t te red   in   the   d i rec t ion   of   an   on-axis  

detector-point   thereby  contr ibut ing more dose a t  tha t   po in t   than  

would  be  inferred on t h e  bas i s  of infinite-medium  attenuation. 

However, a t  de t ec to r   po in t s   no t   f a r  above the  bottom  of t h e  tank 

t h i s  "shor t -c i rcu i t "   e f fec t  i s  small s ince  t h e  l a r g e   s c a t t e r i n g  

angles  involved  imply low d i f f e ren t i a l   c ros s   s ec t ions  and low 

sca t t e red  gamma-ray energies.   Calculations  based on s i n g l e  

s c a t t e r i n g  w i t h  infinite-medium  buildup on the  second  leg show 

t h a t  t h e  under-est imate   resul t ing from the  infinite-medium 

buildup  assumption  does  not  exceed 15% in   the   p rope l lan t   reg ions  

where t h e  cumulative  dose i s  cons idered   to   be   s ign i f icant .  Hence, 

t h e  SHADRAC r e s u l t s  have been  used to   descr ibe  gama-ray  dose 

bui ldup   in  t h i s  study. 

5.2.1.2 Mission-Dose Calculat ion 

The der ivat ion of ful l - f low NERVA r ad ia t ion  levels i n  t h e  

absence of hydrogen at tenuat ion  and  the  appl icat ion  of  moments 
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method da ta   to   ob ta in   dose  rates a t  a given  point  in a propel lan t  

tank  has  been  described  in  Section 5.1. In  t h e  case  of t h e  

Saturn V ana lys i s ,  t h e  essent ia l   fea ture   o f   the   cumula t ive  

mission-dose  calculation is  that   one must consider t h e  continuous 

decrease  in  t h e  amount of  hydrogen  between t h e  engine  and t h e  

material locat ion  of  interest .  In  general,  the  acc.umulated  dose 

depends upon t h e  d ra in  rate and t h e  r e s idua l  mass. All of t h e  

ca l cu la t ions  have been  based upon an  assumed d ra in  ra te  of 

90 lb/sec  and  an LH2 residual   of  7500 lb .  Neutron  contributions 

t o  material damage appear  to  be  insignificant  and w i l l  not  be 

discussed here. 

It is  convenient  to  divide t h e  mission  dose  received a t  a 

given  point   in to (1) a component accrued  before t h e  l i q u i d  level 

drops  to t h e  point   in   quest ion  and (2)  a component accrued   a f te r  

t h e  l i q u i d  level drops  below t h e  po in t .  These components are 

designated,   respect ively,  as t h e  "pre-emergence''  dose  and t h e  

I 1  post-emergence"  dose. The pre-emergence  dose a t  a point  which 

is  a d is tance  ro from t h e  vehicle a x i s  and a d is tance  zo above 

the   co re   cen te r  i s  given by 

D& Y 20) 

where Do is  t h e  unattenuated dose rate,  p i s  t h e   e f f e c t i v e  re- 

moval c ros s   s ec t ion   fo r  gamma rays ,  so is  t h e  slant  path  through 

hydrogen,  and A t 1  i s  t h e  time requ i r ed   fo r   t he   l i qu id   t o   d rop  
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from i t s  i n i t i a l  level t o   t h e   p o i n t  a t  zo. Although t h e  above 

expression is on ly   va l id  at points low enough i n   t h e   t a n k   f o r  

i n f i n i t e  medium bui ldup   fac tors   to   apply ,  i t  has  been shown t o  

be  adequate   for   predict ion  of   doses   in   the  range of i n t e r e s t .  

The dependence of Dl on d ra in  rate is conta ined   in   the   p re-  

emergence  exposure time, which is  given by 

where tf i s  t h e   t o t a l  time requ i r ed   fo r   t he   t ank  t o  d ra in  to i t s  

r e s i d u a l  level, p(LH2) i s  the   dens i ty  of l iquid  hydrogen, i s  

the   d ra in  rate,  zf i s  t h e   f i n a l   r e s i d u a l  level, and R i s  t h e  

tank  radius  a t  height  z .  

The post-emergence  dose a t  ( ro ,zo)  i s  given by 

where dt/dz i s  t h e   r e c i p r o c a l  of t h e  ra te  of descent of t h e  LH2 

sur face  a t  a g iven   ins tan t ,   and  s i s  t h e  hydrogen s l an t   pa th  

which varies with time accord ing   to  

s ( z )  = so - ( zo -z )  sec e (ro,zo) 

between the   vehic le   ax is   and  a vec tor  from t h e  co re   cen te r   t o  

(ro,zo). The in t eg ra t ion  is  obviated by a t ransformation  that  
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replaces  t i m e  by d i s t ance  as the   va r i ab le   o f   i n t eg ra t ion .  The 

mass-balance  relation 

y i e l d s  

2 Since R can  always  be  expressed as a polynominal i n  z ,  t h e  

integral   required  for   the  evaluat ion  of   D2(ro,zo)   can  be  expressed 

in   c losed  form.  The to ta l   dose   rece ived  a t  ( r o , z o )   i n  a s i n g l e  

mission is  t h e  sum of t h e  pre-  and  post-emergence  doses: 

Contributions from  hydrogen capture  gammas and extra-PVRA sources 

(e.g., t h e  nozzle skir t )  have been  considered  in t h e  ca l cu la t ions ,  

bu t   these   ra re ly   account   for  more than 15% of the   t o t a l   dose .  

5.2.2 Mission Dose f o r  8.5O  Tank Configuration 

Isodose  contours  for a 8.5’ conica l  a f t  bulkhead  configura- 

t i o n  are shown in   F igu re  5-3. The values  correspond  to a s i n g l e  

miss ion   in  which t h e   i n i t i a l   p r o p e l l a n t  mass i s  290,000 l b ,   t h e  

d ra in  rate is  90 lb / sec   and   the   res idua l  mass i s  7,500 lb .  The 

assumed separat ion between t h e  core  center  and the tank  bottom 

is  200 i n .  The mission gamma dose i s  seen   to   vary  from 5.3 x 10 

ergs/gm(C) a t  the  tank  bottom  to 1 x 10 ergs/gm(C) a t  an on- 

axis poin t  800 in .   above  the  core   center .  The 8.5  configuration 

7 

4 

0 
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h a s   t h e   p e c u l i a r i t y   t h a t  gamma rays  from the   co re  impinge  on t h e  

conica l   por t ion   o f   the   t ank  w a l l  wi thout   t ravers ing   l iqu id  

hydrogen.  This effect r e s u l t s   i n  a rapid  ascent   of  t h e  isodose 

curves a t  in t e r io r   po in t s   nea r   t he   t ank  w a l l .  For  example,  the 

2 x 10 ergs/gm(C)  isodose  contour  intersects  the  axis  near 

z = 400 in.   but would i n t e r s e c t   t h e  w a l l  near  z = 600 in .  Be-  

cause  of t h e  r e l a t ive ly   s t rong   s ca t t e r ing   dens i t i e s   a long   t he  

w a l l ,  the  infinite-medium  buildup method tends  to   underest imate  

the  dose a t  on-axis  points. It is  est imated  that   the   on-axis  

dose shown i n   F i g u r e  5-3 i s  low by about 20% a t  z = 800 in .  

because  of t h i s  e f f e c t .  

6 

5.2.3  Mission Dose f o r  15' Tank Configuration 

Isodose  contours  for a 15' c o n i c a l   a f t  bulkhead  configura- 

t i o n  are shown in   F igu re  5-4. The assumed mission  parameters 

are 290,000-lb  propellant mass, 90-lb/sec  drain rate,  and 

7,500-lb  residual. The on-axis  mission  dose a t  z = 650 in .  i s  

about  1.2 x 10 ergs/gm(C)  which i s  twice the  corresponding 

dose  for  t h e  8.5  configuration shown in   F igu re  5-3. The d i f -  

5 

0 

ference i s  due to   t he   l onge r  post-emergence  exposure time i n  t h e  

case of   the  15  configurat ion.  
0 

5.2.4  Mission Dose f o r  Hybrid  Configuration 

Figure 5-5 shows isodose  contours  for a hybrid  configurat ion 

i n  which t h e  engine-module  tank  has  an LH2 capaci ty  of 10,179 lb. 

The assumed mission  parameters are 290,000-lb  propellant mass, 
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90-lb/sec  drain ra te ,  and  7,500-lb  residual. The on-axis 

mission  dose a t  z = 650 in .  i s  about 0.8 x 10 ergs/gm(C),  which 

value i s  greater   than t h e  z = 650 in .  on-axis   dose  for   the 8.5' 

conical  configuration  (0.5 x l o5  ergs/gm(C))  and less than   the  

z = 650 in.   on-axis  dose  for t h e  15 conical   configurat ion 

(1.2 x l o5  ergs/gm(C)). However, t h e  z = 650 in .  wall dose  for  

5 

0 

t h e  hybrid  configurat ion i s  2.5 times as l a r g e  as t h e  z = 650 in .  

wall dose  for   the  15  conical   configurat ion.  
0 

5.2.5  Mission Dose for  ProDulsion Module 

Figure 5-6 shows isodose  contours  for a 174-in.Odiam pro- 

puls ion module with  aliquid  hydrogen  capacity  of 38,380 lb. The 

assumed d ra in  rate i s  90 lb/sec.   Since a number of  such  modules 

would be employed i n  a typical   mission,  two sets of isodose 

curves  have  been  calculated. The so l id   curves  on t h e   r i g h t   i n  

Figure 5-6 represent   the   dose   tha t  would be   rece ived   in  a module 

whose bottom is  200 i n .  above t h e  core   cen ter   dur ing   the  time 

requi red   for  t h a t  module t o   d r a i n  from i t s  f u l l   l i q u i d  hydrogen 

capac i ty   t o  a r e s i d u a l  mass of 7,500 lb. The dashed  curves on 

t h e  l e f t  represent  t h e  dose t h a t  would  be  received  in a f u l l  

module loca ted  a t  t h e  same pos i t i on   du r ing   t he  time requ i r ed   fo r  

an   i den t i ca l  module to   drain  completely.   For  a mission  involving 

a t o t a l   p r o p e l l a n t  mass of  290,000 lb, eight   propuls ion modules 

would be  required.  The corresponding  mission  dose at  r = 0, 

z = 650 in .  i s  2 x lo4 + 7(5 x lo3) = 5.5 x 10 ergs/gm(C),  an 4 
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V I .  ANALYSIS OF S-IVB STAGE 

The S-IVB stage,  which i s  the   t h i rd   boos t e r   s t age  of the  

Saturn V system, i s  approximately 59 f e e t   i n   l e n g t h   w i t h  a s tage  

weight a t  l i f t o f f  of  approximately  262,150  pounds. It i s  powered 

by a s ing le  5-2 engine and i s  designed  with a m u l t i p l e   r e s t a r t  

capabi l i ty ,   providing 232,000  pounds  of t h r u s t  a t  f i r s t  burn  and 

211,000  pounds  during  second  burn. 

Table 6-1 l i s t s  the  major systems analyzed  and  notes  the 

subsect ion  in   which  the  analysis  of  each  appears. 

Table 6-1 
S-IVB SYSTEMS ANALYZED 

System Drawing Subsection 

Hydraulic 1B62563-505 6 . 1  
Auxiliary  Propulsion U83918-535 6 .2  
Propulsion U39318-551  6.3 
5-2 Engine 103826-2035 6.4 
Structures  lA39301-527 6.5 
Thermoconditioning 1B38426-539 6.6 
Support lA95641-513 6.7 

From the   rad ia t ion   e f fec ts   s tandpoin t ,  most of  the S-IVB 

components  and  subsystems  can  readily  be  modified  and/or  adapted 

f o r  RNS appl icat ions.  The  recommended s u b s t i t u t e  materials must 

also be  examined  with  regards  to  system  compatibility and the  

specific  design  requirements of  each  system o r  component. It 

should b.e no ted   tha t  a l l  radiation  dosages  used  in  the  subsequent 

analyses are based on the  unattenuated gamma dose-s  (Fig.  5-1, Sec. V) 

fo r   10  hours of engine  operation. 
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In   add i t ion   t o   t he   p rocedures   desc r ibed   i n   Sec t ion  111, these  

add i t iona l  comments per ta ining  to   the  fol lowing  analyses  may be  

he lp fu l .  

Generally,   the  discussion  of  each  system is  i n   f o u r  sub- 

sect ions  containing  (a)  a b r i e f   d e s c r i p t i o n  of the  system  and  the 

as,sumed loca t ion  on t h e  RNS, (b) a summary, usual ly   containing a 

tab le   g iv ing   the   eva lua t ion  of each  subsystem,  (c)  the main da ta  

t ab le s ,  i .e . ,  the  system breakdown t o   r a d i a t i o n   s e n s i t i v e  materials 

and the recommended modifications,   and  (d)  the  discussion  of  each 

subsystem. 

The tab les   g iv ing   the   rad ia t ion   sens i t ive  components , e.g. , 
Table 6-3, contains a column headed "Cri t ical   Applicat ion."  If 

the e n t r y   i n   t h i s  column i s  "no , I '  the  corresponding  entry  under 

"Tolerance" i s  enclosed  in  parentheses;   the  value  given,  however,  

i s  the  same a s  i f  t he   app l i ca t ion  were c o n s i d e r e d   c r i t i c a l .   I f  

a l l   r a d i a t i o n   s e n s i t i v e   m a t e r i a l s   l i s t e d   f o r  a component (o r  sub- 

system) are considered  noncri t ical ,   an  as ter isk  appears   under  

"Tolerance. ' l  

The tables   giving  the recommended modifications , e.g. , Table 

6-4, have i n  some cases been  shortened by l i s t i n g   o n l y  a repre- 

sen ta t ive  item f o r  material app l i ca t ions  which may appear many 

times i n   t h e  subsystem. It should  be  understood  that   the  modifi-  

c a t i o n   a p p l i e s   t o  all similar items. 
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6 . 1  Hydraulic System 

6 .1 .1  Descr ipt ion and  Location 

The po ten t i a l   app l i ca t ion  o f  S-IVB hydraulic  system compon- 

en ts  t o  the RNS i s  unknown s ince   ne i the r   t he   ac tua t ion  system 

nor the  gimbal system have  been  defined.  In  addition,  ei ther a 

hydraulic  or  pneumatic  system may be requi red   for   the   ac tua t ion  

of var ious  valves .  

The hydraulic  system (Drawing  1B62563-505) i s  composed of 

the  main  engine pump, two hydraulic  actuators,   an  accumulator,  

a reservoi r ,  and  an  auxi l iary  e lectr ic   motor  pump ( i n   p a r a l l e l  

with  the main  engine pump). The assumed locat ions of these com- 

ponents are shown in   F igure  6-1. The main  engine pump receives  

i t s  o i l  (MIL-H-5606) from a prepressurized  (pneumatic  and  bootstrap) 

reservoir  through a 3 /4- in .   s tee l   b ra id   Tef lon   l ined   f lex ib le  

l i n e .  The pump output flow to  the  system i s  through a 5/8=in.  

f l e x   l i n e .  

The primary  function  of  the  hydraulic  system i s  t o  power 

two servoactuators  which  gimbal  the 5-2 engine.  Engine  gamballing 

i s  accomplished by an  independent  closed-loop  hydraulic system. 

Gimbal pos i t i on  i s  proportional  to  the  magnitude  of  an electrical  

input  t o  the  electrohydraulic  servovalve  located on each  actuator .  

Mechanical  feedback  from  the  actuator  to  the  servovalve  completes 

the  closed  engine-position  loop.  During S-IC and S - I I  stage  burns,  

the  actuators   hold  the  engine  posi t ion  to   nul l .   This  i s  
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accomplished by uti l izing  the  electrically  driven  auxiliary hydrau- 

l i c  pump. The auxiliary  hydraulic pump i s  also used during orb i t  

t o  periodically  circulate  the  hydraulic  fluid t o  prevent  freezing. 

During the S-IVB burn,  the main hydraulic pump, which i s  driven 

by the  engine,  provides  the  necessary  pressure and circulation  for 

actuator  operation  (pitch and yaw control). R o l l  control i s  pro-  

vided by the  auxiliary  propulsion system. 

6 .1 .2  Summary 

Based  upon analyses  presented  in  Section 6.1.4, i t  i s  believed 

that  each of the major components  and subsystems of the  hydraulic 

system  can be radiation hardened t o  levels  greater  than  those  pre- 

dicted  at   the assumed  component locations shown i n  Figure 6-! 

Table 6-2 summarizes the  predicted  nuclear envimnment and the 

recommended radiation  tolerances of both  the  basic,  i.e.,  as 

designed, system and the modified configuration of each  subsystem. 

The  recommended modifications and a discussion of resulting improve- 

ments are  described i n  Section 6 .1 .4 .  

6 . 1 . 3  System  Breakdown  and  Recommended Modifications 

Drawings, specifications, and parts l i s t s  were  examined t o  

determine radiation  sensitive  materials whose performance charac- 

t e r i s t i c s  might degrade due t o  the  influence of radiation. Table 

6-3 l i s t s  these  materials,  describes  their  applications, and 

presents f o r  comparative  purposes  the recommended tolerance  for 

each application and the  predicted  nuclear environment.  Table 6-4 
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'Sub s y  s tern 

Tank assembly 

Pump assembly 

Aux hydraulic pump 

Switch  assembly 

Adapter 

Accumulator- 
Reservoir 

Hose assemblies 

Actuator  assembly 

Seal  assembly 

Bushing 

Thermal washer 

Hydraulic  f luid 

Table 6-2 

RADIATION HARDENING SUMMARY - S-IVB HYDRAULIC SYSTEM 

Drawing 
Nmbe r 

1B55408-503 

lA86847 -513 

lA66241-511 

1A74765-507 

1B57778 

1B29319-521 

1B63006-1 
( 5 P )  

lA66248-507 

1B67947-1 

lA98107-1 

1B32389-1 

MIL-H-5606A 

Recommended Tolerance 
(ergs/gm(C) 1 

As Designed 
. -  ~ 

lX109 

1x108 

1~109  

1x108 

Not c r i t i ca l  

3x106 

7x106 

" 

" 

5x108 

As. Modified 
6x10 

lXlO1O 

lXlO1O 

1 x 1 0 ~ 0  

" 

lXlO1O 

" 

Unknown 

Not required 

Not required 

Not required 

5x10' 

Remarks 

Modification  does  not 
contain  organics 

Modification  does  not 
contain  organics 

Dwgs not   avai lable   for  
complete  analysis 

A l l  metal 

A l l  metal 

A l l  metal 



I 

i 

Part Number 

1B55408-503 
MC2 6 6 J-xxx 
1B31295-1 
600448 
MC266B-xXX 
lB55647-1 

lA86847-513 
MC266B-xx 
MS28875 

MS28777 
MS28774 

1892754-501 

1874764-501 
~ ~ 2 8 7 7 8  

" 

" 

" 

U62245-501 
MC266B-xx 
MS28775 
MS28774 
lA66240-505 
331615 

250196 
151120 

321712 
151116 
196168 
196170 

202933 
195543 

205838 
206847 
206851 
206854 
206858 
206861 
206898 
206906 
206915 
207792 
215008 
215034 
218121 
218122 
218123 
234918 
271724 
277442 
293332 
297431 

Subsystem 

rank Assy 

'ump Assy 

Table 6-3 

RADIATION SENSITIVE COXPONENTS - S-IVB HYDRAULIC SYSTEM (1862563-505) 

Component 

Packing 

Washer-seal 
O-ring seal 

Packing 
Packing 
Retainer 
Backup r ing  

Packing 

Wire 

Wire 
Pot t ing  

O-ring seal 
O-ring seal 
Backup r i n g  

Switch 

Valve 

pump 
Press ,   control   assy 

Packing 
Backup r ing  
P i lo t   va lve  

Ring seal 
Ring s e a l  
Ring s e a l  
Ring s e a l  
Ring seal 
Ring s e a l  
Ring s e a l  
Ring s e a l  
Ring seal 

Ring s e a l  
Ring seal 

Ring s e a l  
Ring s e a l  
Ring seal 
Ring s e a l  

Ring seal 
Ring seal 

Ring s e a l  
Ring s e a l  
Ring seal 
Ring seal 

Sea l ing   r ing  
Backup r i n g  

Wnsher 
Ring s e a l  

Material 

Si l icone  rubber  

Teflon TFE 
Buna N 

" 

" 

N/R 

Buna N 
Synthetic  rubber 
Teflon WE 
Leather 

Synthetic  rubber 

Teflon FEP insu l .  
Epoxy base 
Teflon TFE insu l .  

Buna N 
Synthetic  rubber 
Teflon TFE 

" 

" 

Synthetic  rubber 
Teflon TFE 

Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
lubber 
synthetic  rubber 
synthetic  rubber 
jynthetic  rubber 
jynthetic  rubber 
jynthetic  rubber 
3una N 
3una N 
j i l icone  rubber  
!olyimide 

" 

N/A 

T 
11 
- 
1 
" 

L 

Gamma E 
(e rgs  

? red ic t e  

3x108 

3x108 

1.1 

1.9 

5x1 

ixl 

:nv 
& 
d :  
" 

L 

1x109 I 
1x109 

( 7 ~ 1 8 ~ )  
l x l 0 l o  

1x10 

PIN 238128-1; TAVCO Inc. 

N/R IP/N 6914-760;  American Standard 
_~". 

1x108 
1 x 1 0 ~ 0  
lxlO'? MIL-P-25732 
( 7 ~ 1 0 ~ )  

1x10 
( 5 ~ 1 8 ~ )  

1x10' MIL-G-5510 
1x108 P/N 2627-1-4;  United  Controls  Corp. 
lx109 MIL-W-16878/4 
( 2 ~ 1 0 ~ )  

P/N 2630328; Parker  Hannifin  lx109 
MIL-W-7139 1 ~ 1 0 ~  
S tycas t 2651 

lx109 MIL-P-25732 
~ 0 9  

8x10 (7x18~) 
1x109 

P/N AA-65365-L-S699; Vickers  Inc. 

l x l 0 l o  
(7x106) 

MIL-P-25732 

N/A 

1.~109 
1x10 9 

lX109 

lX109 
lX109 

lX109 
lX109 

lX109 
lX109 

1x109 
lX109 

1x109 
1x109 

lX109 
1x109 

lX109 

1x109 
lX109 

1x109 
lX109 
(1x199) 

8x108 

5x109 

1x10 

( 3 ~ 1 0 ~ ~ )  

MIL-P-25732 
NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 
NAS 1593 
NAS 1593 

NAS 1593 
NAS 1593 
NAS 1593 
NAS 1593 
MIL-P-25732 

P/N L-308-8; 
VESPEL 

Parker  5en1 

1 

1 
ironment 

S p e c i f i c a t i o n   o r  Vendor 



Table  6-3  (continued) 

RADIATION  SENSITIVE  COMPONENTS - S-IVB HYDRAULIC SYSTEM (1B62563-505) 

1 
k i t i c a :  

:ation 
ipp l i -  

Gamma  Er 
(ergs, 

redic  tcd 

1 . 5 ~ 1 0 ~  
1. 5x109 

ronment 
Spec i f i ca t ion   o r  Vendor Part Number Subsystem Component Material  

Polyimide 
Polyimide 

" 

N/A 
Buna N 
Sil icone  rubber 

Teflon TFE 
Synthetic rubber 
Buna N 
Si l icone  rubber  
Synthetic  rubber 

Buna N 

Buns N 

Buna N 

Buna N 

Synthetic  rubber 

Synthetic  rubbcr 

Sil icone  rubber 

Buna N 

" 

" 

" 

" 

" 

" 

" 

" 

" 

N /A 

Synthetic  rubber 

Buna N 

" 

" 

Teflon TFE Insul.  
Teflon FEP Insul.  
Epoxy base 

Teflon TFE 

Teflon TFE 

" 

Buna N 
Teflon TFE 
Synthetic  rubber 
Teflon TFE 
Rubber 
Teflon TFE 

" 

297436 
297437 

Packing 
Packing 

(2x10") VESPEL 
( 2 ~ 1 0 ~ ~ )  VESPEL 

.09 1x10' PIN EA 1565-530-11; Vickers  Inc. 
N/A P/N 3545-1; General Design Inc. 
lXlOl0 
lX109 
lX1o9 
(7x106) 

lxl010 
1x109 

lX109 
1x109 
1x109 
1x109 
1x109 
lX109 
lX109 
lX109 

6x109 NAS 1593 

6x109 

1.5 1x1 9draul ic  Pump 
LF F i l t e r  
'acking 
'acking 
?ump Assy 

Retainer 
Packing 
Packing 
Packing 
Sea l ,   shaf t  
Valve,  check 

Valve.  check 
O-ring s e a l  

Valve,  check 
O-ring s e a l  

Valve, r e l i e f  
Sea l  

Detector, metal 
Sea l  

Valve. r e l i e f  
Sen1 

Valve,   re l ief  
Packing 

Valve,  check 
Packing 

Sea l  

Valve,  hyd.  bleed 
Regulator,  press. 

Packing 

M528774 
205595 
MC266B-xx 
MC266J-xx 
612586 
612705 

612707 

612706 

612708 

612709 

612887 

612888 

612889 

612924 
612890 

MS28778 
322385 

" 

" 

" 

" 

" 

" 

" 

-- 

MC266B-xx 

lA74765-507 
" 

-- " 

1B57778 

lB63006-l(typ. 

1B29319-521 
MC266B-xx 
MS28774 
MS28775 
MS28782 
Q441-523A 
SR6144-x~x 

MIL-R-25897;type 1, c l a s s  1 

MIL-P-25732 
P/N 9317; Pneu-draulics 

MIL-P-25732 
P/N 9316-1; Pneu-draulics 

MIL-P-25732 
P/N 9315; Pneu-draulics 

P/N 1610; Pneu-draulics 
MIL-P-25732 

MIL-R-25897 
PIN CD7S ; Lis l e  Corp. 

P/N 402097;  Pneu-hydro  Volvc Corp. 
MIL-R-25897 

MIL-P-25988 
P/N A-63248-1; Vinson Div-Gen Metal Corp. 

MIL-P-25732 
P/N A-63245-1; Vinson Div-Gen Yetal Corp. 

P/N 302073: Pneu-hvdro  Valve  Coro. 

* 
6x109 
6x109 
6x10' 
1x109 

lX109 
lX109 

N/A 
1x109 

~ 0 9  
lX1o9 P/N 1A92756-501; Douglas Acft. 

MIL-G-5510 
Valve Plate   Controls  

Packing 1. 5x109 

1 .5~109 

1 .5~109  

3x108 

I 
4x109 

7x108 

1x108 P/N 2627-1-7; United  Controls 

1x10'  MIL-W-16878/4 
1x10'  MIL-W-7139 

(2x169  Stycast  2651 

;witch Assy 
Jire , e l e c t r i c a l  
Jire , e l e c t r i c a l  
?o t t ing  

(1x108) 

3x106 

tdap ter 

lose Assy 

rccumulator  Assy 
Packing 
Xetainer 
Packing 
petainer 
Seal 
BRckup r ing  

( 7 ~ 1 0 ~ )  
1x109 
( 7 ~ 1 8 ~ )  
5x10 P/N Q-441-523A; Minnesoto Rubber Co. 
( 7 ~ 1 0 ~ )  P/N SR6144-x~x; U. S. Shamban  Co. 7x108 



I 

I 

i 

1 
t 

1 

i 
I 
I 
i 

I 

I 

j 

I i 

1 

Par t  Number 

lA66244-1 

1A88359-1 
LA92754-501 
XC266B-xx 
1B31295-1 
6000448 
XC266B-xx 
lA78153-501 
1B74437-1 
63856-7/16 
1A86746-1 

1B31296-1 

LA66248-507 

" 

" 

Subsystem 

c tua to r  Assy 

ydraul ic   F lu id  

Table  6-3-(continued) 

RADIATION  SENSITIVE  COXPONENTS - S-IVB HYDRAULIC SYSTEM (lB62563-505) 

Component Material 

U t e r  

Letainer 
O-ring 

e 
@ 

Packing 

Washer - s e a l  
O-ring  seal  

'otentiometer 
iea l  
ieal 
lalve,   Relief 

:age 
Sea l  

Si l icone  rubber  
Teflon TFE 

Buna N 

Teflon TFE 
Buna N 

Rubber 
Buna N 

N/R 
Synthetic  rubber 

" 

N /R 

" 

'etroleum  base 

Cr i t i ca  

ca t ion  
Appli- 

T 

L 

7x108 

7x108 

4x10' 

4x109 

Lromnent 
n(C)> 
?olerancc 

1x10: 
8x10 
( 7x106) 
lXlOl0 
1 x 1 0 ~ 0  
lX109 

1x109 
( 7 ~ 1 0 ~ )  

1x10 
(N/RJ 

5x109 
1x109 
lX109 
N/R 

N /R 

5x108 

T Spec i f i ca t ion   o r  Vendor 

PIN  AC-6543E-5; Aircraf t   Porous MedLa Co. 

PIN 238128-1; TAVCO 

PIN 9781;  Markite Corp. 
PIN 5238;  Minnesoto  Rubber Co. 

PIN P34-352;  James,  Pond & Clark 
MIL-P-25732 
PIN 6914-753;  American Standard 

PIN 010-49232; Moog Servoactuator 

iIIL-H-5606A 



Table 6-4 
RECOMMENDED MODIFICATIONS - S-IVB HYDRAULIC SYSTEM 

Subsystem 

Tank Assy 

Pump Amy-  

Hydraulic Pump 

Switch Assy 

Adapter 

Hose Assy 

Accumulator  Amy 

Hydraulic  Fluid 

Par t  Number 

MC266J-xx 
600448 
Mc266B-x~~ 

MS28774 ( T y p )  
MS28778 (Typ) 
MIL-W-1687814 
MIL-W-7139 ~~~~ 

151116 (G) 
196168 (Typ) 
215008 
293332 

205595 
MC266J-x~  (Typ) 
MS28774 
612705-X (Typ) 
612586 ( T y p )  

MIL-W-7139 
MIL-W-1687814 

1B57778 

1B63006 (Typ) 

MS28774 (Typ)  
MS28775 
Q441-523A 

600448 
lA66244-X 

MC266B-x~ 
lA86746-1 

MIL-H-5606A 

Application 

Packing 
Washer-seal 
O-ring s e a l  

Retainer  r ing 

Wire ,   e lec t r ica l  
Packing 

Wire, e l e c t r i c a l  
Sea l  

Sea l  
Seal 

Sea l  

Packing 

Retainer  r ing 
Packing 

Sea l  
Seal 

Wire, e l e c t r i c a l  
Wire, e l e c t r i c a l  

Adapter 

Hose assy 

Retainer   r ing 
Packing 
Sea l  
O-ring 
Washer-seal 
O-ring  seal  
Sea l  

Hydraulic  f luid 

Category  of 
Assigned 

Modification 

Desired 
Not c r i t i c a l  
Desired 

Not c r i t i c a l  
Required 
Required 
Required 
Required 
Desired 
Desired 
Required 

Desired 
Required 
Not c r i t i c a l  
Required 
Desired 

Required 
Required 

Not c r i t i c a l  

Required 

Not c r i t i c a l  
Desired 
Desired 

Not c r i t i c a l  
Desired 

Desired 
Desired 

Required 

As  Desigl 

Material  

Sil icone  rubber 
Teflon TFE 
Buna N 

Sil icone  rubber 
Teflon TFE 

Teflon FEP insu l .  
Teflon TFE insu l .  

Viton A 
Buna N 

Rubber 
Sil icone  rubber 

Viton A 
Sil icone  rubber 
Teflon TFE 
Buna N 
Viton A 

Teflon TFE insu l .  
Teflon FEP insu l .  

Teflon TFE 

Teflon TFE 

Teflon TEE 

Rubber 
Si l icone  rubber  

Sil icone  rubber 
Teflon TFE 
Buna N 
Buna N 

Petroleum  base 

a 
Tolerance 

(ergs lgm(c) ) 

lX109 

lX109 
7x106 

7x106 
lX109 
lX109 
1x108 
~ 0 9  

8x108 

6x10' 
5x109 

6x109 

7x106 

6x109 

1x109 

lX109 

1x108 
1x109 

1x108 

3x106 

7x106 

5x1o9 

7x106 

1x109 

8x108 

lX1o9 
lX109 

5x108 

Modi 
Recommended 
Material  

Polyimide 
Kynar coated  metal* 
Viton A 

Polyimide 
Polyimide* 

Polyimide 
Polyimide 
Kynar 

Kynar 
Kynar 

Kynar 

Polyimide 
Polyimide 
Polyimidek 
Kynar 
Kynar 

Polyimide 
Polyimide 

Aluminum  2024 

AluminunW 

Polyimide* 
Polyimide 
Kynar 

Kynar coated  metal* 
Polyimide 

Polyimide 
Kynar 

ed 
Tolerance 

(ergs/gm(C)) 

2x1o10 
3x1010 
6x109 

2x1010 
2x1010 
3x1O1O 
3x1010 
3x1010 

3x1010 10 
2x10 
3x10:; 
2x10 
3x1010 

3x1O1O 
2x1o10 

**Weld metal tubing. 
*Use sof t   meta l   i f   poss ib le .  



gives  the  modifications  recommended to achieve  a  radiation tol- 

erance  level of 1 x lolo  ergs/gm(c). 

6.1.4 Radiation  Hardening  Analysis 

6.1.4.1 Tank  Assembly 

The  tank  assembly  (Drawing lB55408-503), which  contains com- 

pressed  air  for  pressurlzing  the  hydraulic  fluid  accumulator,is 

considered  flight  critical  since  leakage of gas  pressurant  can 

degrade  the  functional  response of  the  actuators,  thus  compro- 

mis  ing  the  mis s ion. 

Although  the  recommended  radiation  tolerances  for  all  com- 

ponents  and  parts  considered  critical to the functional  performance 

of  the  tank  assembly, with the  possible  exception of the  dial 

indicator  tank  pressure  gage,  are  greater  than  the  predicted 

environment, 3 x 10 ergs/gm(C), the  material  replacement  modifica- 

tions  described in Table 6-4 are  recommended  to  increase  the 

reliability of the  tank  assembly,  thus  providing  a  more  radiation 

resistant  system in the event  location in a  higher  radiation 

8 

environment  is  necessary.  The  recommended  modifications  increase 

the  recommended  radiation  tolerance  to 1 x 10" ergs/gm(C). 

The  dial  indicator  tank  pressure  gage  (American  Standard; 

P/N 6914-760), which  is  used  during  prelaunch  ground  checks, 

could not be  analyzed  due  to  unavailability of vendor  drawings. 

If the  actuation  diaphragm  (material  unknown)  develops  a  leak, 

the  mission  could  be  compromised.  Therefore,  it  might  be  desirable 
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t o  incorporate   the gage in to   t he  ground  support  equipment  and  cap 

t h i s   l i n e  as wel l  as the  charging  valve  pr ior  t o  launching  the 

RNS . 
6 .1 .4 .2  Hydraulic Pump and Thermal I s o l a t o r  Assembly 

The engine-driven  hydraulic pump (Vickers  Inc.; P/N "65365- 

L-S699) i s  incorporated  into  the  thermal   isolator   assembly 

(Drawing lA86847-513). It i s  mounted  on the  rocket  engine  and i s  

d r iven   d i r ec t ly  from a main  engine  turbopump.  In  order t o  prevent 

the  extreme  temperatures  encountered  during  launch from freezing 

the  pump case   o i l ,   thermal   i so la t ion   o f   the  system i s  provided 

between the  pump mounting f lange and the  turbine  exhaust  manifold 

dome. Heat i s  supplied t o  the  main pump by means of  the  hydraul ic  

f l u i d   c i r c u l a t e d  by the   auxi l ia ry  pump. 

The recornended  radiation  tolerance  of  the  engine  driven 

hydraulic pump and  thermal  isolation  assembly, 1 x 10 ergs/-((=), 

i s  w e l l  below the  predicted gamma environment,  1.5 x 10 ergs/gm(C), 

The material subs t i tu t ions   descr ibed   in   Table  6-4 increase  the 

recommended l i m i t  t o  1 x 10" ergs/gm(C).  Drawings  and spec i f i -  

cat ions f o r  a l l  components except a p i l o t   v a l v e  (P/N 321712) 

8 

9 

con ta ined   i n   t he  main pump pressure  control  assembly  were  examined 

i n   t h i s   a n a l y s i s .  No problems  can  be  foreseen  in  radiation 

hardening  the  main  hydraulic pump assembly f o r   u s e   i n   l o c a t i o n s  

where the   in tegra ted  g m a  exposure  during i t s  mission  l i fe t ime 

i s  less than 1 x 10 ergs/gm(C). 10 
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6.1 .4 .3  Auxiliary Hydraulic Pump 

The battery-powered  motor-driven auxiliary  hydraulic pump 

assembly (Drawing lA66241)  i s  u t i l i zed   i n  conjunction wi th  the 

gimbal actuators  during S-IC and S - I 1  stage burns t o  hold the 

S-IVB engine t o  nu l l .  In addition, it is  also used during 

preflight checkout operations and during orb i t  t o  periodically 

circulate  the  hydraulic  fluid t o  prevent  freezing. It i s  

connected in   paral le l   wi th   the main pump, thus  providing a degree 

of emergency  backup for  the main pump. 

With the  exception of the RF f i l t e r  (General Design Inc.; 

P/N 3 5 4 5 - l ) ,  which minimizes  conduction o r  radiation of radio 

frequency interference, and the  pressure  regulator (Pneu-hydro 

Valve Corp. ; P/N 302073)  , which reduces the pressure of  a i r  sup- 

plied t o  the motor, a l l   p a r t s  contained i n  the  auxiliary  hydraulic 

pump assembly were analyzed for  radiation  sensitive  materials 

and applications. Based  on this  analysis,  the recomnended radia- 

tion  tolerance i s  1 x 10 ergs/gm(C), which i s  s l ight ly  less than 

the  predicted gamma environment, 1.5 x 10 ergs/gm(C). The modi- 

9 

9 

fications  described  in Table 6-4 increase  the recommended tolerance 

t o  1 x 10" ergs/gm(c). 

6.1.4.4 Switch Assembly 

The hydraulic system temperature  control  switch assembly 

(Drawing lA74765-507) ,  which i s  typical of various  switch assem- 

b l ies  used  throughout the  hydraulic system, i s  a hermetically 
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sealed  switch  actuated by temperature  changes. These thermal 

switch  assemblies are used to sense  hydraul ic   f luid  temperature  

and  cycle   the  auxi l iary pump which c i rcu la tes   the   hydraul ic   f lu id .  

The hea t   re jec ted  from the motor i s  t ransfer red  to t he   r ec i r cu la t ing  

hydraul ic   f luid  thus  prevent ing it from freezing.  

The recommended radiation  tolerance  of  the  switch  assembly, 
8 1 x 10 ergs/gm(C), i s  w e l l  below the  predicted  environment  of 

1 .5  x 10 ergs/gm(C). The modifications  recornended i n  Table 6-4, 9 

which are requi red   i f   these   swi tches   a re  t o  be employed i n   t h e  

RNS environment,  increase  the recommended radiat ion  tolerance to 

1 x 10" ergs/gm(C). 

6.1.4.5 Adapter 

The Teflon W E  adapter  (Drawing 1B57778) which i s  used t o  

secure  the  tank  assembly to t he   s t ruc tu re  i s  not  considered 

cr i t ical ;  however, an aluminum adapter i s  recommended f o r  t h i s  

application.  This  modification would el iminate   any  potent ia l  

radiation  problem  with  regards to restraining  motion o f  the  tank 

assembly. 

6.1.4.6 Hose Assemblies 

Hose assemblies 1B63006-1,  1B63007-1,  1B63008-1,  1B63009-1, 

1B63010-1,  1B63071-1,  1B63072-1, and 1B63073-1 t ransport   hydraul ic  

f l u i d  to and  from the  hydraul ic  pumps, servovalves,  accumulator, 

e t c .  These  hose  assemblies  contain  an  inner  tube  of  Teflon TFE 

impregnated  with  carbon  black. The reconmended rad ia t ion   to le rance ,  
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6 

9 
3 x 10 ergs/gm(C), which i s  well below the  predicted environment, 

4 x 10 ' ergs/gm(C), i s  based upon radiation  effects tests of  

similar hoses  (Ref. 5, p .  151) i n  which the hoses f a i l e d   a t  ex- 

posures of 1 x 10 ergs/gm(C) when pressurized  intermittently 

during irradiation. No elastomeric  hoses have been tested  that  

7 

w i l l  provide reliable  service  in  the  predicted environment. 

Therefore, i t  i s  recommended tha t  hydraulic system components be 

assembled and welded together  with  rigid aluminum lines  containing 

expansion joints  and bellows t o  allow the  necessary motion between 

components during t ransi t ion from earth t o  space  environment. 

Hydraulic l ines should be attached  securely t o  the  vehicle  struc- 

ture t o  minimize flexure and subsequent fa i lure .  This  modification 

eliminates any potential  problems resulting from irradiation. 

6.1.4.7 Accumulator Reservoir 

The accumulator reservoir assembly (Drawing 1B29319-521) i s  

basically two systems - a reservoir  for  collecting  hydraulic  fluid 

returned from the hydraulic  servoactuator and an  accumulator for 

smoothly actuating  the  servovalves. During orbi t ,   the  accumulator 

i s  pressurized whenever the main engine-driven pump o r  the  auxil- 

i a r y  pump i s  operated. 

The radiation hardening analysis  for  the accumulator reservoir 

assembly could  not be completed due t o  the  unavailability of vendor 

drawings for  the  following  parts: 



Component - P/N Vendor 

Potentiometer,  piston  position 9781 Markite Corp. 
Gage 6914-753 American  Standard 

The  piston  position  potentiometer  is  for  data  instrumentation; 

therefore, it is  not  deemed  critical  to  this  analysis.  The  tank 

pressure  gage  is  used  during  prelaunch  ground  test  operations  when 

pressurizing  the  accumulator;  therefore,  since  it  is  not  required 

for  flight  operations,  the  system  could  be  redesigned  such  that 

the  gage  could  be  incorporated  into  ground  support  equipment  and 

the  pressurization  port  could  be  closed  and  sealed  prior  to  launch. 

The  modifications  recommended in Table 6-4, when coupled  with  those 

noted  above,  results in a subsystem with a recommended  radiation 

tolerance of 1 x 10'' ergs/gm(C), which  far  exceeds  the  predicted 

environment  of 7 x 10 ergs/-((=). 8 

6.1.4.8 Actuator  Assembly 

The  actuator  assembly  for  gimballing  the  engines, Moog 

Servocontrols P/N 010-49232, was not  analyzed  since  vendor 

drawings  could  not be obtained.  The  Specification  Control 

Drawing  for  this  flight-critical  assembly, U66248, indicates: 

1. Each  actuator  assembly  consists of the  following 
s.ubassemblies  and  components 
a.  Hydraulic  cylinder 
b.  Servovalve 
c, Feedback  potentiometer 
d.  Fluid  filter  element 
e.  Pre-filtration  valve 
f.  Piston  by-pass  valve 
g.  Piston  position  indicator 
h.  Bleed  and  sample  valve 
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2. 

3 .  

4 .  

5 .  

Elastomeric  seals conform t o  MS28775 (e.g., Buna 
N ) ,  MS28778 (e.g. , silicone  rubber), MIL 6-5510 
(e.  g.  silicone  rubber) o r  MIL-P-25732 (e.g., 
Buna N) , The least  radiation  stable  seal could 
be silicone rubb r which has a radiation t o l -  
erance of 8 x 10 ergs/gm(C). 

Teflon backup rings which have a radiation 
tolerance of 7 x 10 6 ergs/gm(C), may be used 
with  elastomeric  seals. 

The hydraulic  fluid  for use i n  the  actuator 
and in   t he  potentiometer conforms t o  MIL-H- 
56 6A, which has a radiation  tolerance of 5 x 
10 8 ergs/gm(C). 

A l l  wiring conforms t o  DAC Drawing  7869679  which 
specifies  Teflon 93'8 insulation. I t s  radiation 
tolerance i s  1 x 10 ergs/gm(C). 

E 

Based  on this  information,  the recommended radiation  tolerance 

8 is no higher  than 1 x 10 ergs/gm(C) and could be as low as 7 x 

10 ergs/gm(C). Therefore, i t  w i l l  be required t o  analyze  the 6 

vendor drawings and radiation harden th i s  assembly i f  i t  i s  t o  

be employed for RNS applications. 

6.1.4.9 Hydraulic Fluid 

The hydraulic  fluid, which conforms t o  MIL-H-5606, has a 
8 relatively low radiation  tolerance, 5 x 10 ergs/gm(C). The 

hydraulic  fluid,  although  satisfactory  for a single RNS mission, 

w i l l  not  provide  the  required  confidence  for  the  10-mission l i f e .  

The  recommended replacement f luid,  Oronite 8515, conforms t o  

specification MIL-H-8446 and has a radiation  tolerance of 5 x 10 9 

ergs/-((=). More recently developed f luids  might  be more radia- 

t ion  res is tant ;  however, radiation  effects  testing w i l l  be 
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required t o  e s t a b l i s h   t h e i r  recommended limits and the i r   i n f luence  

upon the  design of hydraul ic  components. 

The system should  be  modified  to  incorporate a bleed  valve 

in  the  accumulator-reservoir   to   vent   the  radiolyt ic   gases  

r e su l t i ng  from rad ia t ion  damage t o  the   hydraul ic   f lu id .  The 

system  could  be  redesigned t o  include a recirculat ing  system  with 

a s to rage   r e se rvo i r   i n  a low radiation  environment  such  that  the 

integrated  exposure o f  t h e   f l u i d  would be less than 2 x 10 ergs /  

gm(C). Consideration  should  also  be  given to a system  flushed 

of  a l l  contaminants as part  of  the  periodic  maintenance  program, 

8 
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6.2 Auxiliary  Propulsion System 

6 . 2 . 1  Description and  Location 

The RNS system will include  an  auxiliary  propulsion  system 

(APS) capable  of  performing  functions  analogous  to  those  of  the 

S-IVB APS, i . e . ,   a t t i t u d e   c o n t r o l   d u r i n g  powered f l i g h t   i n   t h e  

r o l l  axis, a t t i t ude   con t ro l   du r ing   coas t   pe r iods   i n   t he   p i t ch ,  

yaw, and r o l l  axes,   velocity  and  course  corrections,   and  pos- 

s ib ly   fo r   s e t t l i ng   o f   t he   p rope l l an t   i n   t he   t ank   be fo re ,   du r ing ,  

and af ter   each  engine  operat ion  through  the  use  of  a t h r u s t  

ullage  motor. 

The S-IVB APS engines  are  located on the a f t  end  of  the S-IVB 

s t a g e   i n  two modules 180° apart. Each  module contains  four  engines 

- three  150-lb  thrust   engines   for   a t t i tude  control  and  one  70-lb 

thrust   u l lage  engine.  Each APS module contains  i t s  own propel lant  

supply  and  pressurization system. The hypergolic  propellants  used 

by the  engines are monomethyl hydrazine (MMH) f o r   t h e   f u e l  and 

n i t rogen   te t roxide  (N204) for   the   ox id izer .  Helium i s  the  pres-  

surant   in   the  system, 

As shown in   F igu re  6-2, most of tk S-IVB APS components are 

assumed to   be  located on t h e   a f t   s k i r t  where  the  radiation  environ- 

ment i s  q u i t e  severe. The APS reaction  motors  might  be  located 

on t h e   a f t  end  of   the  nuclear   reactor   for  more e f f i c i e n t   c o n t r o l .  

If so,  the  motors w i l l  require  components with  very  high  radia-  

t ion   to le rances  as w e l l  as r a d i a t i o n   r e s i s t a n t  electrical wir ing 
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l x  

1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1.5 x 

2 x  

5 x  

l x  

2 x  

3 x  

5 x  

1.5 x 

l o6  \erg/gm (C) -h (unattenuated) 

Engine I n s t l  (1A65685-503) 
P res su r i za t ion  Sys  (1A79373-503 
Transducer   Ins t l  (lA81839-1) 
Wiring  Harness  (lB55210-501) 

Y Propuls ion Sys  (lA82258-509) 
Leak D e t  Sys  (1B33265-503) 
Bus Con. I n s t l  (1B58142-1) 
E l e c t r i c a l  Module  (1B58240-1) 

F igure  6-2 Assumed Location of (S-IVB) Auxi l ia ry  
Propulsion  System Components 
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and  propellant  piping  for  connecting  control  equipment  and  pro- 

pellant  storage  with  the  motors. 

6.2.2 Summary 

A l l  APS subsystems  and  components  analyzed  can  be  radiation 

hardened  by  material  substitution  and/or  minor  design  changes, 

thus  providing a high  degree  of  confidence in their  performance 

in the  assumed  environment.  Table 6-5 summarizes  the  recommended 

radiation  tolerance of  both  the  basic  and  modified  configurations. 

These  limits  can  readily  be  compared  with  the  predicted  environ- 

ment  which  is  also  presented in Table 6-5. 

Radiation  tolerances  must  be  determined  for  both  the  pro- 

pellant  and  oxidizer if they  are  to  be  stored in the  vicinity 

of the APS engines.  The  test  program  recommended to obtain  these 

data  is  discussed in Section 11. 

6.2.3 System  Breakdown  and  Recommended  Modifications 

The  radiation  sensitive  materials  and  components  contained 

in the S-IVB auxiliary  propulsion  system  are  listed in Table 6-6. 

The  recommended  modifications  for  radiation  hardening  these  com- 

ponents  and  subsystems  and the resulting  improvenents  are  pre- 

sented in Table 6-7. The  basis  for  these  recommendations  and 

the  radiation  effects  analyses  for  each  subsystem  are  discussed 

in  detail in Section 6.2.4. 
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I lo 

N 

Table  6-5 
RADIATION  HARDENING  SUMMARY - S-IVB AUXILIARY PROPULSION  SYSTEM 

Subsystem 

Engine  installation 

Pressurization 

Transducer  instl 

Transducer  instl 

Propulsion 

Leak  detection 

Bus  connector 

Electrical  module 

Wiring  harness 

Drawing 
Number 

lA65686-503 

lA74373-503 

lA81839-1 

lA81840-1 

lA82258-509 

1B33265-503 

lB58142-1 

1B58240-1 

1B55210-501 
(TYP 1 

Predicted 
Gamma 

Environment 
(ergs/gm(C>> 

lX109 

lX1o9 

lX1o9 

lX109 

2X1O8 

2x108 

2X1O8 

2x108 

lX1o9 

Recommended  Tolerance 
(ergs/gm(C)> 

As Designed 
~~ 

7x106 

7x106 

7x106 

7x106 

7x106 

7x106 

As Modified 

Unknown 

2x1010 

1x10~0 

1X1O1O 

lXlOl0 

Not  required 

lXlO1O 

Not  required 
10 1x10 

Remarks 

Dwgs  not  available for 
complete  analysis 

Not  considered 
critical 



P a r t  Number 

lA65685-503 

210005 
1B63088-1 

19-557131-2 
2-432-V377-9 

S0046T260 
lA39597-513 

S0139T4 
1P20056 
1P20040 
9709143 

" 

MS28778 
1A79373-503 

S0046T-%X 
S0139T-xx 
lA49998-xxx 

D63077-7 
lA67912 

D63077-9 
5-10055 
MGC60778C-2A 
2118-016 
1B33382-1 
1B51334-1 
1B54601-505 
1B58239-1 
1B66755-xxx 

lA81839-1 
S0139T4 
1888035-505 
1P20056 

SOO~~T-XX 
lA81840-1 

1B31377-1 
" 

" 

" 

lA67863-xxx 
1872913-567 
1B31413-1 

" 

" 

" 

" 

" 

Subsystem 

Engine Ins  t l  

Pressurization S 

r ransducer   Ins t l  

Pransducer I n s t l  

Table 6 6  

RADIATION  SENSITIVE  COMPONENTS - S-IF3 AUXILIARY  PROPULSION SYsTEN (lA83918-535) 

Component 

Retainer 
Engine  Assy 

O-ring 
O-ring 
Engine 

Gasket 
Gasket 
Lubricant 
Primer 

Tape 
Sealant 

Gasket 
Packing 

Module 
Gasket 

Valve 
poppet seal 
seii 
Tef loc   inser t  
Face  coated  gasket 
O-ring 

Gasket 

Regulator 
Insu la tor  

Vent s e a l  
Spacer 

Gasket 

Lubricant 
Transducer 

O-ring 
Transducer 

I n s u l a t i o n .   e l e c t r i c a l  
Pot t ing  
Wire, e l e c t r i c a l  
Lubrication 

Transducer 
Transducer 
Transducer 

Pot t ing  
I n s u l a t i o n ,   e l e c t r i c a l  

Wire, e l e c t r i c a l  
Lubrication 

Material 

Epoxy laminate 

N/R 
Buna N 
N/R 
Teflon TFE 
Teflon TFE 

" 

" 

Perfluoriiatepdhl&$; 
Sil icone  base 
S i l icone   base  
Polyester  backing 

" 

Synthetic  rubber 
Teflon TFE 
Teflon TFE 

N/R " 

N /A 

Teflon TFE 
Teflon TFE coated 
Teflon TFE 
Synthetic  rubber 
Phenolic  laminate 
N /A 
Kel-F 
Phenolic  laminate 

N/A 

Teflon TFE 
" 

N /  R 
Per f luor ina ted  a l i -  

phatic 

Teflon TFE 

Dia l ly l   ph tha la te  
Epoxy base 
Teflon TFE insu l .  
S i l i cone  oil 
N/R 
N/R 

Dia l ly l   ph tha la te  
Epoxy base 
Teflon TFE insu l .  
S i l i c o n e   o i l  

" 

" 

" 

Cr i t i ca  

ca t ion  
Appli- 

- 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
no 
no 
Y 88 
no 

Yes 

Yes 
Yes 

Yes 
Yes 
Yes 
Yea 

no 
Yes 

no 
Yes 
Yes 
no 
Yes 
Yes 
no 

no 
no 
no 
no 

no 
no 
no 

no 
no 

no 
no 
no 
no 

no 
no 

no 
no 
no 

T 
G a m a  E 

(ergs 
?redictel  

lX109 

lX109 

1 ~ 1 0 ~  

lX109 

lX109 

lX1o9 

T 
7x106 

N/R 
N/R 

N /R 

7x106 
7x106 

2x1010 

1x109 

(1x181 : ( lxl08h 

2.3~109) 

7x106 

7x106 

N /R 
7x106 

7x106 
N /A 
W A  
( 3 ~ 1 0 ~ )  
(1x108) 
7x106 
1x109 
(2x1010; 

1x109 
(2x1010; 

8x10 

1x109 

N /A 

* 
(N/R) 
( 7 ~ 1 0 ~ )  

(1x108) 

* 
( 7 ~ 1 0 ~ )  * 
(2x10101 
(2x1010) 

(1x108) 
( 8 ~ 1 0 ~ )  

Ji 
(2x10101 
(2x1010) 
( 1x1Q8) 
( 8 ~ 1 0 ~ )  

S p e c i f i c a t i o n   o r  Vendor 

MIL-R-9300, Type I 

P/N 19-557131-2; P l a s t i c  & Rubber  Prod. 
PIN 2-432-V377-9; Parker   Seal  
P/N 700800-06; TRW Inc. 

1120056 
1P20040 

STD L-T-100 

MIL-G-5510 

P/N A62445-xxx; Vinson Mfg. 
P/N A-63077; Vinson Mfg. 

MIL-STD 417;  Type R; class RS 
P/N 2118-016; Parco 

P/N 65-185-5; F a i r c h i l d  Hiller 

MIL-R-79; Form R; Type FBG 

P/N PS6OlA-5; Genisco Tech. Corp. 
1120056 

P/N 2091-3701; Serv ionic   Ins t r .  

S tycas t  2651;  Emerson & Cuming 

DC510; Dow Corning 

P/N 451319L-1; Giannini  Controls 'Corp. 
P/N 2448-xx; Genisco Tech Corp. 

P/N 2091-4001; Se rv ion ic   In s t r .  

S tycas t  2651;  Emerson & Cuming 

DC510; Dow Corning 



Part Number 

lA82258-509 
S0046S333 
S0046T-xx 
S0139T-xx 
SO513-4-08-38 
lA49422-xxx 
1B33382-xxx 
1120056 

1B30493-xxx 
" 

1B30494-xxx 

1B61417-1 
l B 6 1 4 1 6 - ~ ~ ~  

S0139T2 
1B33265-503 

1B58239-1 

1B58142-1 
1829862-1 

1B58240-1 
1B57771-559 
1P20016 
1P20066 

1B55210-501 
1B58284-1 
MS3116E8-45 
MS3420 
PT060E12-8S 

" 

S0286Exx ( T y p )  
" 

" 

" 

7869679 

MS3116E8-4S 
1B67267-1 

MS3420 
SO280Exx ( T y p )  

" 

MSFC-SPEC-222 
1B54522-501 

7869679 
MSFC-SPEC-276 
MIL-T-713 
7869679 

Subsys tern 

Propulsion Sys 

,eak  Detector Syr 

Ius Connector  Ins 

Xect r ica l  Module 

firing  Harness 

Table  6-6  (continued) 

RADIATION  SENSITIVE  CONPONENTS - S-IVB AUXILIARY  PROPULSION  SYSTEM (lA83918-535) 

Component Material  

& 
O-ring 

Gasket 
O-ring 

Module 
Spacer 

Gasket 
Lubricant 
Tape 
Bracket 

Bracket 
Bracket 
Bracket 

Gasket 
Vent s e a l  
Lubricant 

1 
Kodule 

Connector 

Primer 
Potting 

Wiring  Harness 
Connector 

Connector 
Bushing 

Connector 
Inse r t  

Tubing 
Inse r t  

Tap e 

Wire 
Tape 

Connector 
I n s e r t  

Module 

Wire 
Pot t ing  

Tubing 
Tape 
Wire 

Silicone  rubber 
Teflon TFE 
Teflon TFE 

N f R  
Nylon 

Synthetic  rubber 

Teflon TFE backing 
Perfluorinated a l i  

Phenolic  laminate 
Phenolic  laminate 
Phenolic  laminate 
Phenolic  laminate 

Teflon TFE 
Kel-F 
Per f luor ina te  n 

" 

&a&$; 

N/R 
" 

" 

" 

Polyurethane 
Synthetic  rubber ba 

" 

" 

Rubber 

Sil icone  rubber 

Si l icone  rubber  
I r r ad ia t ed   po lp l e f l  
Reinforced  polyests 
Waxed nylon 
Teflon TFE insu l .  

" 

" 

" 

" 

Rubber 

Sil icone  rubber 

Epoxy base 
Teflon TFE insul.  
Irradiated  pdyuMir 
Waxed nylon 
Teflon TFE insu l .  

" 

" 

Gamma Et 
(ergs, 

!redicted 

2x108 

2x108 
I 

2x108 
2x108 

2x108 

2X1O8 

1*109 

I 

1 .09 

Lronment 
m(C) 1 
:olerance 

~ 

8x108 
7x106 

7x106 
7x106 

N/R 
( 3x104 

1x109 
(1x108) 
(2x107 

(2x1010) 
(2x1010) 
( 2 x 1 0 9  

(1x109) 
(1x108) 

NIR 
N/R 

1 x 1 0 ~ 0  
lxl010 
1 x 1 0 ~ 0  
( 1XlW 

1x108 
1x108 

(2xlOlh 

* 
( 7 ~ 1 0 ~ )  

* 
( 1 x 1 8 9  
1x10 
1x109 
1x109 
1x109 
(3x109) 
(2x109) 

1x108 
(3x109) 

1x108 

(1x1010) 
1x109 
1x109 
1x108 
(2x1010) 
1x108 
(3x109) 

1x108 
(3x109) 

* 

Spec i f i ca t ion   o r  Vendor 

Mil-P-17091 
P/N 219040-xx; Wallace 0. Leonard Co. 
MIL-STD-417; Type R ;  Class RS 
1120056 
MIL-T-23594 

LP20056 

?/N 46011-22-55P-2; Deutsch 
LP2001G 
LP20066 

3IL-STD-417; Class RN 
?/N PT060E12-8S; Bendix  Corp. 

SFC-SPEC-276; Type 1, class 1 
PPP-T-66; Type 1, class B 

5IL-STD-417; Class RN 

IFC-SPEC-222 (type IV) 

IFC-SPEC-276 (type I, c lass   2 )  



Table 6-7 
RECOXENDED  MODIFIC4TIONS - S-NB AUXILIARY  PROPULSION  SYSTEN 

Q\ 
I 

I -  
i " '  

Subsystem I Par t  Number 

Engine I n s t a l l a t i o n  

S0046T260 
19-557131-2 

S0139T4 
9709143 I -- 
1120056 

MS28778 
S0046T-xx 

Pressur iza t ion  System 

S0139T-xx 
D63077-X 
S-10055 
2118-016 
1~33382 
1B58239 
MGC60778C-ZA 

Propulsion System In: 

Leak Detection  Systen 

Wiring  Harness 

S0046T-xx 
1120056 

DC510 
" 

I l l a t i o n  
S0046S333 
S0046T-xx 
S0139T-xx 
1B33382 

1P20056 

S0139T2 
1B58239 
1120056 

PT060E12 

" 

-_ 
MSFC-SPEC-276 
786979 

Application 

0- r ing  
Gasket 
Gasket 

Tape 
Sealant 

Lubricant 

Packing 
Gasket 
Gasket 
Seal 
I n s e r t  
O-ring 
Gasket 
Vent s e a l  
Face  coated  gasket 

Gasket 
O-ring 
Lubricant 
Wire 
Lubricant 

O-ring 
O-ring 

Gasket 
Gasket 
Tape 
Lubricant 

Gasket 
Vent s e a l  
Lubricant 

Tape 
Connector, i n s e r t  

Wire 
Tubing 

Tap e 

Assigned 

Modification 
Category  of 

Desk. ed 
Desired 
Desired 

Not c r i t i c a l  
Required 

Not c r i t i c a l  

Desired 
Required 

Desired 
Required 
Not c r i t i c a l  
Required 
Required 

Not c r i t i c a l  
Required 

Desired 
Desired 
Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i c a l  

Desired 
Desired 
Desired 

Not c r i t i c a l  
Desired 

Not c r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  
Required 

Not c r i t i c a l  
Required 
Not c r i t i c a l  

A s  Des 

Material 

Unknown 
Teflon TFE 
Teflon TFE 

Polyester  backing 
Si l icone  rubber  

Perfluorinated ali- 
pha t i c  

Teflon TFE 
Si l icone  rubber  

Teflon TFE 
Unknown 
Teflon TFE 
Teflon TFE 

Kel-F 
Si l icone  rubber  

Teflon TFE coated 

Teflon TFE 
Teflon TFE 
Perfluorinated a1 - 
Teflon TFE phat fc  

Si l iconc  base 

Teflon TFE 
Si l icone  rubber  

Sil icone  rubber 
Teflon TFE 

Teflon TFE 
Perfluorinate$.& 

Si l icone  rubber  
Waxed nylon 
I r rad .   po lyolef in  
Teflon TFE 
Polyester 

wed 
Tolerance 

(ergs/gm(C)) 

7x106 
? 

7x10; 
8x10 
~ ~ 1 0 9  
1x108 

lX1o9 
7x106 
7x106 

3x107 
7x106 

? 

lX109 
lX109 
1x108 

7x106 
7x106 
1x108 
1x108 
8x108 

8x108 
7x106 
7x1096 
1x10 
2x107 
1x108 

lX109 
1x108 

lX1o9 
lX1o9 

1x108 
~ ~ 1 0 9  

7x106 

3x109 

T Modified I 
Recommended 
Mater ia l  

Polyimide 
Kynar,? 
Kynara'c 
Polyimide 

Dry f i lm  MoS2 
Rubber/glass 

Polyimide 
Kynar* 
Kynar* 
Kynar 
Polyimide* 
Polyimide 
K y n a  r* 
Kynar 
Kynar coated* 

Kynars'c 

Dry f i lm  MoSz 
Polyimide 

Polyimide 
DC710 

Polyimide 
Polyimide 
Kynar* 
Kynar* 
Rubber/glass 
Dry f i lm  MoS2 

Kynar* 
Kynar 
Dry f i lm  MoS2 

Vitreous  glass2M 
Rubber/glass 
Rulon 
Pol  imide 
Rubger/glass 

(ergs/pm(C)) 
Tolerance 

2X1O1O 

2x1010 
1x1010 
1x1011 

2x1010 

3x1010 
3x1O1O 

3x1O1O 
3x1010 
3x1010 
3x1010 

3x1O1O 
3x1010 
3x1O1O 

2x1010 

3x1O1O 
2x1010 
1x1011 
1 x 1 0 ~ 0  
1 x 1 0 ~ 0  

2X1O1O 
2x1010 

1 x 1 0 ~ 0  
1x1011 

3x1010 
3 ~ 1 0 ~ 0  

3x1010 
3x1010 

1x1011 

1 x 1 0 ~ 0  
lXlOl0 
1 x 1 0 ~ 0  
lxl010 

" 

*Use so f t   me ta l   i f   poss ib l e .  
"Spec i fy   connec tors   wi th   g lass   inser t s .  

I 



6.2.4 Radiation Hardening Analvsis 

6.2.4.1 Engine Instal la t ion 

The radiation  tolerance o f  the  engine ins ta l la t ion  subsystem, 

which includes  the  engine  assemblies (Dwg lA65685-503), could  not 

be accurately determined due t o  the  unavailability of drawings, 

specifications, and l i s t  of materials  pertaining t o  the  bipro- 

pellant  reaction motors (Thompson-bo-Woolridge Inc.; P/N 700800- 

06).  Information was requested of the  vendor; however, data were 

not  received  during  the  preparation of t h i s  report. Examination 

of  the Specification  Control Drawing for  these  engines (Drawing 

U39597) indicates : 

1. Wiring  conforms t o  Douglas Specification 7869679, 
i . e .  , Teflon W E  insulated  wire which has a recom- 
mended tolerance of 1 x 10 8 ergs/gm(C). 

2. T k  potting compound i s  Scotchcast XR-5038, an 
epoxy base material which has a recommended 
tolerance of 2 x 1010 ergs/gm(c). 

3. Lubricants used are i n  accordance with specifi-  
cation 1P20112 for  antigalling  giease. 

Therefore,  the  recomended  radiation  tolerance of the  basic 

8 system  can be no higher  than 1 x 10 ergs./gm(C)  and it  w i l l  require 

radiation hardening. Although the engine assembly drawings could 

not be analyzed, i t  i s  believed  that it can be radiation hardened 

t o  1 x 10" ergs/gm(C) by specifying (1) polyimide insulated  wire, 

(2) e lec t r ica l  connectors  with ceramic inser ts ,  and (3)  usage of 

Kynar seals, gaskets,  etc. The other components included i n  the 
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engine  installation  can  readily  be  hardened to tolerances  greater 

than 1 x 10" by  utilizing  Kynar  gaskets  and  O-rings. 

6.2.4.2 Pressurization  System 

A l l  of the  components  of the pressurization  system (Dwg 

U79373-503)  could  not  be  analyzed  due  to  the  unavailability  of 

drawings , specifications,  and  lisi  of  materials  for  the  pressuri- 
I 

zation  control  module  (Vinson  Mandfacturing  Co. ; P/N A62445) and 

regulator  assembly  (Fairchild  Hiller;  P/N 65-185-5) .  The  other 

components  contained in this  syste&  have a very low recommended 

tolerance, 7 x 10 ergs/gm(C), and 'will require  radiation  hardening. 6 \ 

Examination of the  Specification  Control  Drawing  for  the low 
I 

pressure  helium  module  (Drawing lA49998)  indicates: 

1. The  module  contains a double-coil,  solenoid 
operated  dump  valve  and a relieve  valve. 

2 .  Wiring  conforms  to  Douglas  Specification 7869679,  
i.e., Teflon TFE insulation  which  ha a recom- 
mended  radiation  tolerance  bf 1 x 10 8 ergs/@((=). 

3 .  Connectors  conform  to  Bendix Corp. P/N PTlH-8- 
3P which  have a silicone  rubber  O-ring;  this 
does  not  limit  its  usage in a radiation  environ- 
ment. 

Assuming  that  the.pressurization  control  module  and  the 

pressure  regulator  assemblies  can  be  radiation  hardened  by  tech- 

niques  similar  to  those  outlined  for  analogous  components of the 

5-2 engine  pressurization  system  (Sec. 6 . 4 . 4 . 4 ) ,  the  modifications 

described in Table 6-7 will increase  the  recommended  radiation 

tolerance  from 7 x 10 ergs/gm(C) to 1 x 10" ergs/gm(C);  this is 6 

6 -27 



a factor  of  ten  higher  than  the  predicted  environment. 

6.2.4.3 Transducer  Installations 

Transducer  installation  11181839-1,  which  measures  pressure 

in the APS  engines,  and  transducer  installation 11181840-1, which 

measures  both  temperature  and  pressure,  are  employed  primarily 

as  diagnostic  instrumentation. 

Vendor  drawings  could  not  be  obtained  for  the  following 

transducers: 

PLN  Manufacturer  S.C.D.  Description 
P S m - 5  Genisco  Tech. Corp. lA88035 Pressure  Transducer 
2448 Genisco  Tech. Corp. lA67863 Variable  Resistance 

Temperature  Trans- 
ducer 

451319-L Giannini  Controls LA72913 Absolute  Pressure 
Corp.  Transducer 

Examination of the  Specification  Control  Drawing  for  the 

high-frequency  DC-DC  pressure  transducer,  lA88035,  indicates: 

1. The  pressure  transducer  system  consists  of a 
strain-gage  sensor  and a solid-state  amplifier 
connected  by a cable  assembly. 

2. The cable  assembly  uses Teflon FEP  insulated 
wire  (Specification  MIL-W-16878 4) which  has a 
recommended  tolerance of 1 x 10 6 ergs/gm(C). 
The  cable  jacket  is  Teflon  TFE. 

3. The  electrical  connectors,  Bendix  Corp.  P/N 
PT06-12-10SY  contain a silicone  rubber  insert 
which  has a recommended  tolerance of 2 x IO9 
ergs/gm(C). 

Since  the  solid  state  amplifier  probably  has a low  radiation 

tolerance  and  material  substitutions will  not  suffice, it cannot 

be  located  near  the  sensor;  therefore,  this  transducer  design  is 



not recommended  for RNS applications. 

Examination of the  Specification  Control  Drawing for the 

potentiometer-type  absolute  pressure  transducer, lA72913, indi- 

cates :- 

1. 

2. 

The  pressure  transducer  consists of a pressure 
sensitive  bellows  which  actuates a precision 
potentiometer, 

The  electrical  connectors,  Bendix  Corp. P/N 
PT06E-8-4SJ  contain a silicone  rubber  ins  rt 
which  has a radiation  tolerance of 1 x 10 
ergs/gm((=) 

5 

Based on the  above  information,  it is believed  that  material 

substitutions  can  improve  the  radiation  tolerance  of  this  trans- 

ducer  to  at  least 1 x 10 ergs/gm(C). 10 

Examination of the  Specification  Control  Drawing  for the 

variable-resistance  temperature  transducer, lA67863, indicates 

that  the  sensing  element  is  pure  platinum  wire  wound on a ceramic 

bobbin.  The  electric  connections  are  made  through a Bendix  Corp. 

connector,  P/N  PTlH-8-4P,  having a silicone  rubber  O-ring  which 

does  not  limit  its  usage in a radiation  environment.  Based  on 

this  information,  the  RTT  is  believed  to  be  radiation  resistant 

and  can  readily  be  used  at  exposures  below 2 x 10" ergs/gm(C). 

The  modifications  recommended in Table 6-7, when  coupled 

with the  above  recommendations  should  result in a system  capable 

of reliable  operation in gamma  environments  of  up  to 1 x 10 10 

ergs/gm(C) 
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6.2.4.4 Propulsion System Installation 

The performance of the components required  for the  propulsion 

system ins ta l la t ion  (Dwg lA82258-509) i s  c r i t i c a l  t o  the  operation 

of the APS. The  recommended radiation  tolerance of  the  as- 

designed system could  not be accurately determined due t o  the un- 

avai labi l i ty  of drawings, e tc .  of the  propellant  control module 

(Wallace 0. Leonard; P/N 219040) ,  which i s  the  nucleus of the 

propulsion system instal la t ion.  Review. of the  Specification 

Control 

1. 

2. 

3 .  

Drawings for  the  propellant  control module indicates: 

The module, which controls  the f i l l  and purge 
of oxidizer and fuel,  contains two check valves, 
one f i l t e r ,  and two solenoid  valves. 

The connectors for  the  solenoid  operated  valves 
are manufactured by Deutsch Company  (P/N DTKIH- 
8-3P-034). 

Wiring i s  i n  accordance with Douglas Specifi- 
cation 7869678, i . e . ,  Teflon TFE insulated 
wire which has a recommended tolerance of 1 x 
108 ergs/gm(c). 

Based  on the above information, i t  i s  believed  that  the 

propellant  coptrol module can be radiation hardened by material 

substitutions such that i t  can reliably  function  in  nuclear 

environments up t o  exposures of 1 x 10" ergs/gm(C). 

The  recommended radiation  tolerance o f  the  basic  propulsion 

8 system instal la t ion appears t o  be limited t o  1 x 10 ergs/gm(C) 

by the Teflon TFE insulated  wire used i n  the  propellant  control 

module. The modifications  described  in Table 6-7 for  the 
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interfacing  gaskets  and  O-rings in conjunction  with  hardening 

the  propellant  control  module  should  result in a system  with a 

recommended  tolerance of 1 x 10" ergs/gm(C) , which  is  well  above 
the  predicted  environment, 2 x 10 ergs/gm(C). 8 

6.2.4.5 Leak  Detection  System  Installation 

The  components  required  for  the  installation  of  the  leak 

detection  system  installation  (Dwg 1B33265-503) which  contain 

organic  materials  are  not  considered  critical  to the auxiliary 

propulsion  system.  Although  the  recommended  radiation  tolerance 

of these  components  is  greater  than  the  predicted  environment, 

2 x 10 ergs/gm(C),  the  modifications  described in Table 6-7 

are  recommended  to  increase  the  reliability of the  system. 

8 

6.2.4.6 Bus  Connector  Installation 

The  recommended  radiation  tolerance  of  the  bus  connector 

installation  (1B58142-1)  could  not  be  determined  due  to  the 

unavailability  of  drawings,  etc.  of  the  bus  connector  module 

(Dwg.  1B29862).  However,  it  is  believed  to  contain  Teflon TFE 

insulated  wires  which  would  limit  its  recommended  tolerance  to 

1 x 10 ergs/gm(C), which  is  less  than  the  predicted  environment 

of 2 x 10 ergs/gm(C). Substitution  of  polyimide  insulated  wires 

8 

8 

should  increase  the  recommended  tolerance of the  bus  connector 

installation  to 1 x 10" ergs/gm(c). 
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6.2.4.7 Electrical  Module 

The e lec t r ica l  module, which i s  basically a mounting plate 

10 containing a connector,  has a radiation  tolerance of 1 x 10 

ergs/gm(C).  Since th i s  recommended limit i s  f a r   i n  excess of 

the  predicted environment, 2 x 10 ergs/gm(C), th i s  subsystem 

can be ut i l ized  for  RNS application  without  modification. 

8 

6.2.4.8 Wiring Harnesses 

The recommended radiation  tolerance of  wiring  harness 

installations,   similar t o  Drawing  1B55210-501, are limited by 

the usage of Teflon TFE insulated  wire which has a recornended 

tolerance of  only 1 x lo8 ergs/=((=). The modifications  described 

i n  Table 6-7, which include usage of polyimide insulated  wires 

and e lec t r ica l  connectors  with ceramic inserts,  increases  the 

tolerances of wiring  installations t o  1 x 10" ergs/gm(c). 



6 3 Propulsion System 

6.3.1  Description  and  Location 

The propulsion  system i s  the   hear t  of t h e  S-IVB, and a l l  

systems  function  in  support of i t s  successful   operat ion.  The 

propulsion  system  for  the "512 vehicle ,  i .e. ,  the  one selected 

fo r   ana lys i s   i n   t h i s   s tudy ,  i s  of  the  configuration  defined by 

Drawing lA39318-551. It contains   the  subsystems  l is ted  in  

Table 6-8 as w e l l  as the  5-2 engine  described  in  Section 6.4. 

A descr ipt ion of each  subsystem  and i t s  rad ia t ion   e f fec ts   ana lys i s  

are contained  in   Sect ion 6.3.4. Many of   the S - I V B  propulsion 

system  components  and  subsystems  have po ten t i a l  f o r  RNS use. 

The assumed locations  for  each subsystem are shown i n  

Figure 6-3. 

engine a d  the  analyses   presented  in   Sect ion 6.3.4 f o r  a l l  other  

subsystems  of t h e  S-IVB propulsion  system, it i s  bel ieved  that  

each of  the  major components  and'  subsystems  can  be rad ia t ion  

hardened to   r e l i ab ly   func t ion   i n   nuc lea r  environments more severe 

than  those  predicted a t  t h e  assumed component locat ions shown i n  

Figure 6-3. Table 6-8  summarizes the predicted  nuclear  environ- 

ment and the  recommended tolerances  for  both  the  basic  system 

and the  modified  configuration  of each  subsystem. The recom- 
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System Components 

6-34 



Subsystem 

Chilldown ins tl 

Engine i n s t l  

Switch i n s t l  

Orif  ice  ins t l  

Pneumatic  system 

Ambient repres- 
sur izat ion 

Oxidizer  vent 

Gaseous hydrogen 
vent 

Pneumatic power 

Pneumatic  system 

Pneumatic power 

Table 6-8 
RADIATION HARDENING SUMMARY - S-IVB PROPULSION SYSTEM 

Drawing 
Number 

lA59098-527 

1B66894-523 

1B58000-505 

1B58007-535 

1B58008-507 

1B58009-1 

1B69013-503 

1B74943-507 

1B75000-501 

1B58006-503 

1B75003-1 

Predicted 
Gama 

Environment 
(ergs/gm(C)> 

1.5~10’ 

1.5~10’ 

1x108 

6x108 

6x108 

6x108 

1.5~10’ 

1 . 5 ~ 1 0 ~  

3x108 

6x108 

3x108 

Recommended Tolerance 
(ergs/l 

A s  Designed 

7x106 

See Table 
6-11 

Unknown 

7x106 

7x106 

7x10 6 

7x106 

7 ~ 3 - 0 ~  

7x106 

7x106 

7x106 

See Table 
6-11 

Unknown 

2x1o10 

6x10’ 

6x10’ 

lXlO1O 

6x10’ 

lXlO1O 

Remarks 

5-2 engine  assy i s  des- 
c r ibed   in  Sec. 6.4 

Dwgs not   avai lable   for  
detai led am l y s i s  

Can be radiation  hard- 
ened to  higher exp 

Can be  radiation  hard- 
ened to  higher exp 

Can be radiation  hard- 
ened to  higher exp 



Table 6-8 (continued) 
RADIATION  HARDENING  SUMMARY - S-IVB  PROPULSION  SYSTEM 

Subsystem Drawing 
Number 

Pneumatic  system 

1B75004-501 Pneumatic  power 

1B66405-501 

1B67212-501 Burner  instl 

LH2  fill 

Switch  instl 

1B74477-509 

1B58001-507 

Oxidizer  feed I 1B68375-501 

Predicted 
Gamma Recommended  Tolerance Remarks 

I As Modified 
Environment 

As Designed (ergs/gm(C)) 
(ergs/$ 

1.5~10~ 

1x10 1.5~10 

7x10 1.5~10~ 

1.5~10 

7x106 1.5~10~ 

7x106 

8 

1.5~10 7x106 

9 7x106 

9 

9 

1x10~0 

2X1O1O 

1x10 lo 

2X1O1O 

1x10 10 

1x10 10 



6.3.3 System Breakdown and Recommended Modifications 

Drawings, spec i f ica t ions ,  and p a r t s  l i s ts  f o r  a l l  components 

were examined to   determine  radiat ion sensitive materials whose 

performance cha rac t e r i s t i c s  might  degrade  due t o  t h e  inf luence 

of  nuclear  radiation.  Table 6-9 summarizes these materials, 

describes their appl icat ions,  and presents,   for  comparative  pur- 

poses, t h e  recommended tolerance and the  predicted environment. 

Table 6-10 gives t h e  recommended modifications  and t h e  r e su l t i ng  

improvements in   rad ia t ion   to le rance ,  

6.3.4 Radiation  Hardening  Analysis 

6.3.4.1 Chilldown I n s t a l l a t i o n  

The S-IVB ch i l ldown  ins ta l la t ion  (Dwg lA59098-527) includes 

a l l  t h e  necessary  ducting, valves, and pumps f o r   c h i l l i n g  5-2 

engine components to   opera t ing   tempera ture   p r ior   to  t h e i r  opera- 

t ion .  The major components are t h e  chilldown  system  shutoff 

valves (Fairchi ld-Hil ler ;  P/N 64-400-09) which are pneumatically 

actuated valves used  for  regulating  both  l iquid oxygen and l i q u i d  

hydrogen  during  chilldown  operations,  and t h e  l i q u i d  oxygen pump 

(Pesco  Products; P/N 14466-114) which i s  an electric motor 

driven pump assembly  used i n  t h e  l i qu id  oxygen chilldown  circu- 

l a t i o n  system. 

Although t h e  RNS chilldown  system w i l l  d i f f e r   s i g n i f i c a n t l y  

in   design from t h e  S-IVB system i n  t h a t  it will use  only  l iquid 

hydrogen  and will also be   requi red   for   a f te rhea t  removal a f t e r  
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14-526 
14-449 
14-450 

114-100-02 
121-1032 

22-7066 
22-7069 
EE-410 
99-4444 
99-4326 
121-1095 

21-1047 
121-1035 

21-1048 
22-7061 
21-1049 
21-1050 
22-7047 
114-136 
S0046T-XX 

lA87736-501 
S0139T2 
lA87741-503 

S0046T10 
S0139T2 

MGC61085C275 
lA49965-535 

lA82714-535 
1HM25 
67-091 

64-476 
66-502 

65-214 
PR-1939 

22651-14-19P 
66-028 

65-334 
64-406 

" 

Par t  Number Subsystem 

MC252C4TA 
lA59098-527 C h i l l d m   I n s t a l l  

VD261-0037 
1B58239-1 

lB38511-501(typical) 
lA49423-509 
MC252C4TA 

lA66894-523 
1858239-1 
1867912-505 
lA49958-xKx 

6 

Table 6-9 

RADIATION  SENSITIVE COHPONEN'PS - S-IVB PROPULSION SYSTEM (lA39318-551) 

Component 

:ion 
lace coated  seal  
l en t   s ea l  
lace  coated  seal  
tnsulation 

Face  coated  seal  
Wire, e l e c t r i c a l  
Bearing,   bal l  

Rotor, m o r  windings 
Bearing, b a l l  

Balanced Asay windings 
Wire, e l e c t r i c a l  

Tape 
Insulat ion  tubing 

Grease,   ant igal l ing 
Sea1,ring 

S ta to r ,  motor  windings 
Core, s t a t o r  
I n s u l a t o r ,   s l o t  

Wire, e l e c t r i c a l  
Insu la tor ,   l eader  

Seperator 
Wedge 

Valve, r e l i e f  
Tape, insu la t ing  

)-ring 

Duct Assy 
O-ring 

Duct Assy 
Tape 
O-ring 
O-ring 

Face  coated  gasket 
Receptacle 
Switch 

Seal ,   r ing 
Actuator 

Wire, e l e c t r i c a l  
Gasket 
Sealant 
Gasket 
Receptacle 
Actuator 
Sea l  

?alve Assy Shutoff 

1 
Vent seal 
:ace coated seal 
Disconnect ASSy 
Ennine Assv 

Material App li- 
Cr i t i c s  

ca t ion  

T 

Teflon TFE coated 
Kel-F 
Teflon TFE coated 
Polyurethane foam 

Teflon TFE coated 
Teflon TFE insu l .  
Teflon  TFE/glass 

Polyimide  varn. imprg. 
Teflon  TFE/glass 

Polyimide  varn. imprp 
Teflon TFE insu l .  

N/A 
Teflon TFE 

Teflon TFE 

Polylmide  varn. imp%, 
Polyimide  varn. inpq 
Polyimide 
Polyimide 
S i l icone   jnsu l .  
Polyimide 

Polyimide 
Teflon/glass 

Teflon TFE 

" 

" 

N/A 

N/A 

Teflon TFE 

Teflon TFE 
Teflon TFE 
Teflon TFE 

Teflon TFE coated 

N /A 
N/A 
Teflon  TFE/glass 
Teflon TFE insu l .  
Teflon  TFE/glass 
Si l icone  base 
Teflon  TFE/glass 
N/A 

Teflon FEP 

-- 

" 

N/A 

N /A 

Kel-F 
Teflon TFE coated 
N/R 

" 

" I 

Gamma Er 
(ergs) 

' redictec 

1.: 

1.1 109 

1.5~10' 

1. 5x109 

Lronment 

rolerance 
n(C)) Spec i f i ca t ion   o r  Vendor 

?/N 261-0037; Navan Prod. 

? /N 144666-114;  Pesco  Prod. 

lulon 
lulon 
? / N  RK-692; Pyre M.L. Varnish; DuPont 
? / N  RK-692; Pyre M.L. Varnish; Dupont 
3IL-W-7139B c l a s s  2 
IIL-I-22lZ9C 

? / N  DPM-3329-1; McDonnell Douglas Co. 
? /N "692; Pyre M.L. Varnish; Dupont 
PIN RK-692; Pyre  M.L. Varnish; Dupont 
P/N 6508 - Pyre M.L.; Dupont 
P/N 6507 - P y r e  M.L.; Dupont 

PIN '6508 - Pyre M.L. ; Dupont 
Similar   to  Armalon 
PIN 6508 - Pyre M.L.; Dupont 
DAC Spec 7696938 

9IL-T-22742 

P/N 64-400-09; Fa i rch i ld  Hiller 
P/N MGC61085C275; Aeroquip  Corp. 

P/N "25; Microswitch Co. 

Fluorogold 

Armalon 
P / N  PR-1939; Precision Prod.  Research 
Armalon 

PIN 46019-14-19P; Deutsch CO. 

P/N 22651-14-19P; Deutsch CO. 

PIN VD261-0046-004;  Navan Prod. 
P/N 1264004; Purolator Prod. 
See Table 6-11 
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Par t  Number 

1~5ao00-505 
1Bq2624-913 

MC252C4TA 
1B58007-535 

1~58239-1 
1~58347-513 

24798 
23825-1 

1~5a008-507 

1~58239-1 
1~65813-1 

ARl0105-017AlQ 

24955 

MC252C4TA 

1B65813-3 (typ 
1B65813-7 
1B65673-1 
670-5 
670-4 
S0046T-xx 

Z B ~ ~ O O ~ - Z  
S0046T26 
1B40824-507 
25901 
No. 48 

FID10031-01 
1B69550-501 

62575-A 
1B43660-511 
659-51 

CMS-101K-2 
622-139 

548-42 

548-46 

PTlH-8-4P 

1~58239-1 

548-41 

548-48 

" 

MC252C4TA 
1B69013-503 

AR10205-040AlH 
S0046T161 
1~58239-1 
1.~48312-517 

171-153 
1031-4 

Subsystem 

witch  Inst l .  

l r i f i c e   I n s t l .  

neumatic  System 

a l )  

mbient  Repressu; 

x ld izer  Vent Sy! 

Table 6-9 (continued) 

RADIATION  SENSITIVE  COXPONENTS - S-ZVB PROPULSION SYSTEM (W9318-551) 

Component 

witch,   pressure 

?ace  coated seal 
lent seal 
lodule,   control,  pump p q  

Omni-seal 
Packing 
Solenoid  Assy 
Packing 

'ace  coated  seal  
lent seal 
l i f fuse r  

Fabric 

lalve, Helium check 
Cord 

Sea t  
Gasket 

)-ring 

:ation System 
)-ring 

Sea t  
Sea l  

rent s e a l  
lodule Assy 

F i l t e r  Aeay 
Face  coated seal 

Solenoid  Valve 
Sea t  
Sea l  

Gasket 
Gasket 

Solenoid  Assy 
Seat 

Connector 
O-ring 

Plug 

m 
'ace  coated  seal  
;ea1 
)-ring 
k n t   s e a l  
'alve  Amy, Vent &-Relief 

Oxidizer Tank 
Gasket 
Switch  assy 

Material 

NIP, 

Teflon TFE coated 
Kel-F 

Teflon T I E  
Sil icone  rubber  
N/A 
Si l icone  rubber  

" 

-.. 

-.. 

Teflon TFE coated 
Kel-F 

Nylon 
Nylon 

-.. 

Mylar 

Teflon TFE 
Mylar 

Teflon TFE 

Kel-F 
Teflon TFE 
Kel-F 

" 

" 

" 

-.. 

Teflon TFE coated 

Polyimide 

Kel-F 
Teflon TFE 

Mylar 
Mylar 

Mylar 
NfA 

Si l icone  rubber  

" 

" 

" 

Teflon TFE coated 

Teflon TFE 
Teflon TFE 

Kel-F 

G m  Er 
(ergs1 

' redicted 
1x108 

6x10' 
1x108 

6x108 

6x10' 

6x108 

1. 5x109 

1. 5x109 

Lromnent 
n(C>) 
roleranct 
NJK 
N/R 
7x106 

1x10 
7x106 
7x106 

N /A 

( lx lg8)  

(lX109) 

lX109 

7x106 

1x109 
(1x108) 

1x109 
lX109 

6x109 
(lX109) 

6x109 
( 6x1g9 ) 
7x10 

7x106 
7x106 
lX109 
lX109 

lX109 
( 7x106) 

7x106 * 
(1x128) 
7x10 
2x1010 

(3 x109) 
7x106 

( 6x109) 
( 6 ~ 1 0 ~ )  
6x109 
NfA * 
(lX109) 

7x106 

7x106 
7x10 
(lxlg8) 

lX1o9 

(1x109) 
7x106 

N /A 

Spec i f i ca t ion   o r  Vendor 

/N 72219-501; Hydra-Electric Co. 

'IN 38170-1; StererMfg.  co. 
'IN AR10105-017AlQ; Aeroquip  Corp. 

'IN 670-012; Calmec Mfg.  Co. 

'IN 60192; J. C. Car ter  Co. 

'/N FID10031-01; Vacco I d u s t r i e s  

rh 548-515; Calmec Mfg. CO. 
'espel 

'IN PTIH-8-4P; Bendix  Corp. 

'IN AR10205-040AlH; Aeroquip Corp. 

/N 528-519; Calmec Mfg. Co. 

/N 1031-4;  Microswitch 



Table 6-9 (continued) 

RADIATION  SENSITIVE  COMPONENTS - S-IVB PROPULSION SYSTEM (U39318-551) 

Pa r t  Number 

TV"1-8 
528-98 
528-91 
VD261-0003-000 
519-19 
AN6290-4 
519-66 

528-93 

931-27 
519-135 

931-21 
171-52 
519-124-5 
528-55 
528-19 
528-59 

519-127 
528-92 

528-24 
519-124-2 

528-88 
528-32 

528-30 
528-89 

528-45 
528-8 

528-78 
528-76 

528-21 
528-26 
528-27 
519-85 

171-112 
528-110 

1B69030-505 

528-110 
519-135 
MS9068 

519-85 
519-124-4 

931-11 
TVM-1-8 
528-98 
528-91 
VD261-0003-OOC 
931-9 
519-19 
AN6290 
519-66 
1031-3 

" 

Subsystem Component 

Face  coated  seal  
Gasket 

Face  coated  seal  
Sea l  

Gasket 

Gasket 
O-ring 

Tubing 
Seal 
Insu la tor  
Switch 
Receptacle 
Gasket 
Sea l  
Gasket 
Gasket 
Ring,  retainer 
Sea l  

Sea l  
In se r t  

Gasket 
Gasket 
Sea l  
Seat 
Sea l  
Gasket 
Seat 

Ring 
Ring 

S ea1 
Ring 
Spacer 
Plug 
Sea l  

Insu la tor  
O-ring 
Sea l  

Gasket 
Plug 

Face  coated  seal  
Gasket 
Sea l  
Face  coated  seal  
Ring  seal  
Gasket 
O-ring 
Gasket 
Switch  assy 

Material  

Teflon TFE coated 
Kel-F 
Teflon  TFE/glass 

Kel-F 
Teflon TFE coated 

Teflon TFE 
Kel-F 
Teflon TFE 
Teflon  TFElglass 
Mylar 
N/A 
N/A 
Kel-F 

Kel-F 
Teflon TFE 

Ke 1 -F 
Kel-F 
Teflon TFE 
Teflon  TFE/glass 
Teflon TFE 
Kel-F 

Teflon TFE 
Teflon TFE 
Teflon  TFE/glaas 
Teflon  TFE/glass 

Kel-F 

Kel-F 
Teflon  TFE/glass 
Teflon  TFE/glass 
Teflon TFE 
Teflon  TFE/glass 
Kel-F 
Kel-F 
Teflon TFE 
Teflon TFE 

Teflon TFE 
Mylar 
Viton A 
Teflon TFE 

Kel-F 
gel-F 

Kel-F 
Teflon TFE coated 

Teflon  TFE/glass 
Teflon TFE coated 

Kel-F 
Teflon TFE 

Kel-F 
Teflon TFE 

NIA 

Cri t ica l  

ca t ion  
Appli- 

1.5 

1 . 5  

x1~9 

ixl 109 

1 
tromnent 

'olerance 
l(C)) . Spec i f i ca t ion   o r  Vendor 

1x108 

P/N VD261-0003-0004;  Navan Prod. ( 1 ~ 1 0 ~ )  
Armalon 5x109 

P/N TV"1-8; Te t ra f luor  Co. 
(lX109) 

1x109 ) 
jX106" I 

kicroswitch 
N /A eutsch 

7x10 

(5x1g9) 
7x10 

(8x189) Fluorogold 
7x10 
(iX109) 
(lX109) 

( iX109 ) 
( ~ 0 9 )  

7x106 
5x109 

( 5 ~ 1 8 ~ )  

Armalon 
Fluorogold 

1x10 
( 1 ~ 1 0 ~ ~ )  Fluorogold 

7x10 (1xlglo) Fluorogold 

(1~10'~)   Fluorogold 

7x106 

(8x109) 

7x106 

6x109 

7x106 
P/N 931-505; Calmec Mfg.  Co. 

7x106 

(1x1010) 

( 1x109 ) 
(axlog) 

(1x109) 

(1x109) 

(1x109) 

1x108 P/N TVM-1-8; Tetraf luor  Co. 

5x109 Armalon 
(lx108) 
( 7x106) 

P/N VD261-0003-0004;  Navan Products 

7x106 

N/A PIN 1031-3;  Microswitch 



Part  Number 

171-153 
528-93 

171-52 
931-27 

528-55 
528-19 
528-59 
528-92 
519-127 
931-7 
528-24 
528-32 
528-88 
528-30 
528-89 
528-8 
528-45 
528-16 

931-21 
528-21 
528-26 

931-2 
528-27 

171-112 
U89487-1 

ASF2OO 
1874943-507 

As100 
MC252C4TA 
1B58239-1 
S0046T-xx (typ 

1A94469-511 
lA93730-1 

lA94469-5 
lA94469-7 
lA49988-513 
511-96 
VD261-0003-000 
511-88 
511-79 

511-80 
511-61 
511-60 
511-51 
511-48 

528-78 

G82714-533 
51.1-38 
511-37 

Subsystem 

Table 6-9 (continued) 

RADIATION SENSITIVE COXPONENTS - S-IVB PROPULSION SYSTEM (lA39318-551) 

Component 

Gasket 
Seal 
Tubing 

Gasket 
Switch 

Gasket 
Gasket 
Ring, re ta iner  
Seal 
Inser t  
Spacer 
Gasket 
Gasket 
Seal 

Seal 
Seat 

Gasket 
Seat 
Ring 
Ring 
Receptacle 
Seal 
Ring 
Spacer 
Gasket 
Seat 

;asket 

ea1 
ea1 

'ent  Seal 
ace  coated  seal 

I-ring 
laaket 

Sleeve 

'alve Assy D i r .  Control Venl 
Sleeve 

Face coated  seal 
Switch aasy 

Ring sea l  
Dampener 
Tubing 
Backup ring 
Gasket 
Gasket 
Seal 
Gasket 
Connector 
Gasket 
Baffle 

Material 

Kel-F 
Teflon TFE/glass 
Teflon TFE 

Kel-F 
Kel-F 
Kel-F 
Kel-F 
Teflon TFE 
Teflon TFE/glass 
Kel-F 
Kel-F 
Kel-F 
Teflon TFE 
Teflon TFE 
Teflon TFE/glass 
Teflon TFE/glass 
Kel-F 
Teflon TFE/glass 
Teflon TFE/glass 
N /A 
Teflon TFE 
Teflon TFE/glass 
Kel-F 
Kel-F 
Teflon TFE 
Teflon TFE/glass 

N/A 

Teflon TFE 
Teflon TFE 
Teflon TFE coated 
Kel-F 
Teflon TFE 
Teflon TFE/glass 

Nylon fabric  
Aclar  sheet 

N /A 
Teflon TFE coated 
Teflon TFE 
Leather 
Teflon TFE 
kfylar 
Silicone  rubber 
Teflon  TFE/glass 
Teflon TFE 
Teflon  TFE/glass 
N /A 
Silicone  rubber 
Phenolic 

" 

" 

Appli- 
Critica: 

cation 

T 

no 

no 
Yes 

no 
Yes 

no 
no 
no 
Yes 
no 
no 
no 
no 
Yes 
Yes 

no 
Yes 

no 
Yes 

no 
Yes 

no 
Yes 

no 
no 
Yes 
no 

Yes 
Yes 

Yes 
no 
Ye6 
Yes 
no 
no 
no 
no 
Yes 

no 
Yes 

no 
no 
no 

no 
no 

no 
Yes 
no 

no 
Yes 

no 

1.: 

1.5 

1.5 

1.5 

109 

to9 

.09 

i roment  
d c )  1 
Polerancc 

5x109 

N /A 

(1x109) 

(lXlO8) 

(lX109) 
(1x109) 
(1x109) 
(1x109) 

(8x109) 

(1x109) 

7x 106 

1x109 

7x106 

(3x109) 

(1x199) 
7x10 

5x109 
(5x10') 

(1x1010) 
(1x1010) 

(1x1010) 

N/A 
7x106 

(3x109) 

7x10 
(5x109) 

7x106 
7x106 
7x106 

7x106 
1x10 

(5x109) * 

( 3 9 9 )  

(1x188) 

(lX109) 
(2Xlg9) 

(1x108) 

(1x101 ) 

(5x1g9) 

7x10 
N/A 

( 7x106) 
(5x109) 

(8x108) 

7x10 
( 5 ~ 1 0 ~ )  
N/A 
(8x108J 

(lx108& 

(1x101 ) 

Specification or Vendor 

Armalon 

Microswitch 

Fluorogold 

Armalon 
Fluorogold 

Fluorogold 
Fluorogold 
Deutsch 

Fluorogold 

Armalon 

P/N ASF 200; Creavey Seal 
P/N AS100; Creavey Seal 

Armalon 

P/N 511-513; Calmec  Mfg.  Co. 

P/N VD261-0003-0004;  Navan Prod. 

Fluorogold 

Fluorogold 
)eutsch 

!lIL-P-3115 



Part Number 

931-27 
519-124-3 
511-20 
511-78 
511-13 
511-77 
511-92 
511-5 
LA48257-525 

TVM-2-8 
519-108 

519-100 
519-97 
519-96 
161-39 
519-56 
519-54 
519-127 
519-67 
2-155604-7 
519-135 
519-117 
519-66 
519-47 
519-22 
519-45 
519-64 
519-63 
519-62 
519-71 
931-27 

931-21 
171-153 
171-52 
519-19 
519-40 
519-85 
519-115 
171-112 
519-39 
519-37 
519-124-1 
519-61 
519-105 
519-99 
1874535-1 

" 

2-15S604-7 
519-135 

519-124-X 
528-xxx 

Subsystem 

Table  6-9  (continued) 

RADIATION  SENSITIVE  COMPONENTS - S-IVB PROPULSION SYSTEM (IA393l.8-551) 

Component 

Swl tch 
Sea l  
Seat 
Sea l  
Sea l  
Sea l  
Sea l  
Gasket 

Face  Coated s e a l  
Gasket 

Sea l  
Sea l  
Seal 
Seat 
Gasket 
Gasket 

Switch  Assy 
Inse r t  

O-ring 
Insu la tor  
Sea l  
Gasket 
Ring 
Gasket 
Gasket 

Gasket 
Gasket 

Seat 
Switch  assy 
Switch 
Tubing 
Receptacle 
Gasket 
Gasket 
Gasket 
Sea l  
Spacer 
Sea l  
Sea t  
Spacer 
Ring 
Sea l  
Ring 
Sea l  
Sea l  

ralve  Assy.  Vent & Relief 

la lve  Assy, Rel ie f ,  LH2, 
Latching 

Insu la tor  

S e a l  
O-ring 

Sea l  

~ 

Material 

V/A 
Peflon TFE 
Peflon TFE 
Peflon  TFE/glass 
reflon TFE 
Teflon TFE 
Teflon TFE 
Kel-F 

Kel-F 
Teflon TFE coated 
Teflon  TFE/glass 
Teflon TFE 
Teflon  TFE/glass 
Teflon TFE 
Kel-F 
Kel-F 
Teflon  TFE/glass 

Sil icone  rubber 
Mylar 
Mylar 
Kel -F 
Kel-F 
Kel-F 
Kel-F 
Kel-F 
Teflon  TFE/glass 
Kel-F 
N /A 
N/A 

N/A 
Teflon TFE 

Kel-F 
Kel-F 
Kel-F 
Teflon TFE 
Kel-F 
Teflon TFE 
Teflon TFE 
Kel-F 
Teflon  TFE/glass 
Teflon TFE 
Teflon  TFE/glass 
Teflon  TFE/glass 
Teflon TFE 

" 

N/A 

Mylar 
Si l icone  rubber  
Teflon TFE 
Teflon TFE 

" 

1.5 

l.! lo9 

Lronment 
n(C)) 
:olerance 

N/A 
7x106 
7x106 

7x10 

7x106 

7x10 

5x1g9 

7x106 

(lxlg9) 

(lX109) 
(1x108) 
5x109 
7x106 
5x109 
7x106 
(1x109) 
(1x109) 
(~3~109)  
N/A 
1x109 
(1x1010) 

(lX109) 
(1 ~ 1 0 9 )  
(lX109) 
(1x109) 
(lX109) 

1x109 

6x109 

(5x109) 

N /A 
N/A 

N /A 
(1x108) 

(lX109) 
(lX109) 
(1x109) 
7x106 

7x10 
7x106 
(8x10g& 

7x10 

5x109 
7x106 

7x106 

8x10 
7x106 
7x106 

(8xlg9) 

(lxlgl ) 

(1x1010) 

( h 1 p O )  

Spec i f ica t ion  o r  Vendor 

icroswitch 

rmalon 

/N 519-529; Calmec  Mfg.  Co. 

/N TV"2-8; Tetrafluor Co. 
rmalon 

rmalon 

'luorogold 

/N 2-155604-7; Parker  Seal Co. 

luorogold 

[icroswitch 

'luorogold 

'luorogold 
mnalon 

'/N 1031; Calmec Mfg.  Co. 

'/N 2-15S604-7; Parker  Seal 



P a r t  Number 

519-85 
931-14 
931-11 
"-1 - 8 
528-xx 
528-xx 

931-9 

AN6290-4 
519-xx 

528-30 
1 7 l - x ~ ~  
519-xx 
528-8 

528-45 
931-27 
528-xx 
931-21 

931-2 
528-27 

528-59 
171-112 

931-7 
519-127 

1B75000-501 
MC252C4TA 
S0046T18 
1B58239-1 

1B66692-501 
1B67843-xx 

24798 
s-1-022w 
AR10105-017AlQ 
23825-1 

" 

" 

" 

1B67i81-1 
1B58666-503 
MC252C4TA 
MGC60778C12 
MGC61085C125 
55666-15OAE4 
1B40824-507 
25901 
No. 48 
5045-002 
5045-002-0-02 
1858239-1 
1B57781-511 
VD261-0003 

Subsystem 

n e m a t i c  Power 

nemat i c  System 

Table 6-9 (continued) 

RADIATIOX  SENSITIVE  COMPONENTS - S-IVB  PROPLnSION SYSTPI (lA39318-551) 

Component 

Plug 
Bearing 
Gasket 
Face  coated seal 
Gasket 

Lubricant 
Sea l  

Ring, r e t a i n e r  
Gasket 
O-ring 
Sea t  
Gasket 
Switch  assy 
Gasket 
Tubing 
Seat 
Switch 
Ring, r e t a i n e r  
Receptacle 

Gasket 
Spacer 

Ring, r e t a i n e r  
Seat 

Spacer 
I n s e r t  

pace coated seal 
:asket 
;ea1 
ipacer 
lodule,   actuation  control 

Packing 
Packing 
Sea l  
Solenoid Assy 

Wire. e l e c t r i c a l  
'alve A m y ,  Check 

Connhctor i n s e r t  
Sea l  

'ace  coated seal 
'ace  coated  gasket 
'ace  coated  gasket 
'ace  coated  gasket 
'olve 

Seat 
Sea l  

;ea1 
lodule- He Dump & F i l l  

Face  coated seal 

~ 

Material 

Kel-F 

Kel-F 
Teflon TFE 

Kel-F 
Teflon TFE coated 

Teflon  base  spray 
Teflon  TFE/glass 

Teflon TFE 
Kel-F 

Teflon TFE 
Teflon TFE 

Kel-F 
N /A 
Teflon  TFE/glass 
Teflon TFE 
Kel-F 
N/A 

N/A 
Teflon  TFE/glass 

Kel-F 
Kel-F 
Kel-F 

Teflon  TFElglass 
Teflon TFE 

Kel-F 

" 

Teflon TFE coated 
Teflon TFE 
Kel-F 
Epoxy laminate 

Si l icone  rubber  
Si l icone  rubber  

Teflon TFE 

Teflon TFE insu la t e (  
Si l icone  rubber  
Silicone-rubber 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

Kel-F 
Teflon TFE 

Teflon TFE 
Kel-F 

Teflon TFE coated 

" 

" 

" 

" 

" 

Appli- 
Cr i t i ca  

ca t ion  

1. 5x109 

1 . 5 ~ 1 0 9  

3x108 

'XI 
x1 

X I  

tronment 
n(C) 1 
:olerancs 

3x107 
( 3 ~ 1 0 ~ )  

(1x109) 
(1x108) 
(lX109) 

1x108 
5x109 

( 7x106) 

7x10 
7x106 

(1x199) 

N/A 
(lX109) 

(1x108) 
1x109 
N/A 
(1x1010) 
N/A 

(1x109) 
(lX109) 

(5x109) 

(3x109) 

7x106 
( 8 ~ 1 0 ~ )  
(3x109) 

7x106 

7x106 
(1x108) 

1x109 
(2x1010) 

(lX109) 
(1x109) 

1x108 
1x108 

7x106 

7x106 

(1x108) 
(1x108) 
(1x10:) 
(1xq  1 
lX109 

(1x108) 

(1x108) 

1x10 

( 7x106) * 
1x109 
7x106 

T 

D 

F 

I 
I F  

F 

P 

P 

M 
P 
8 
P 

P 
P 

P 

P 

P 
P 

- 

S p e c i f i c a t i o n   o r  Vendor 

l/N TVM-1-8; Tet ra f luor  Co. 

m a l o n  
' t i - lube  

'luorogold 

icroswitch 
'luorogold 

'luorogold 

'/N 31850-3; S t e re r  Mfg.  Co. 

/N AR10105-017AlQ; Aeroquip Corp. 

'IL-W-7139 
/N PTlH-8-3S' Bendix  Corp 
/N il-R-58g7 P36- 73; James,  Pond, e la rk ,   Inc .  

'/N MGC60778C12; Aeroquip Corp. 

/N 55666-15OAE4; Aeroquip Corp. 
/N MGC61085C125 ; Aeroquip  Corp. 

/N 60192; J. C. Ca r t e r  Co. 

/N 5045;  Robinson  Tech  prod. 

/N 659-511; Calmec Mfg. Co. 
/N VD261-0003-0004; Navan Prod. 



Par t  Number 

1528775 
i22-139 
i59-19 
i22-123 

i59-41 
4529512 
j22-64 
522-67 
559-8 
559-7 
522-68 
522-63 
522-69 
522-115 
522-127 
522-125 
559-51 
659-52 
P36-673 
PTlH-8-3P 

622-30-2 
1B42290-511 
622-139 
622-68 

622-71 
622-64 
622-67 
622-87 

" 

!IS28775 

622-69 
622-123 
622-127 

622-93 
659-51 

622-115 
622-114 
622-113 
622-63 
622-125 
622-30-2 

P36-673 
622-80 

622-116 
622-3-2 
PTlH-8-3P 

" 

Subsystem 

Table 6-9 (continued) 

RADIATION  SENSITIVE  CONPONENTS - S-IVB PROPULSION SYSTEM (lA39318-551) 

Component 

O-ring 

Gasket 
Sea l  

Sea l  

Gasket 

Diaphram 
O-ring 

Gasket 
Sea l  

Gasket 
Gasket 

Seat 
Gasket 
Sea l  
Spacer 

Sea t  

Relief  valve 
Seat 

Plug 

Gasket 
O-ring 
Gasket 
DiaDhram 
Gasket 
Gasket 

Gasket 
Sea l  
Spacer 
Seat 
Gasket 
Sea l  
Sea l  
Sea l  
Seat 

Soleno 
Plug 

i d  
Regulator Assy 
Relief  valve 

Solenoid  assy 
Control  valve  assy 

Connector 
O-ring 

Assy 

Material 

luna N 
Peflon TFE 
3ylar 
Peflon  TFE/glass 

Mylar 
Si l icone  rubber  
Mylar 
Mylar 
Mylar 
Mylar 
Mylar 
Mylar 
Mylar 
Teflon  TFE/glass 
Kel-F 
Kel-F 
Polyimide 

N /A 
Polyimide 

" 

Sil icone  rubber  
N/A 

Teflon TFE 
Mylar 

Mylar 
Sil icone  rubber 

Mylar 
Mylar 
Mylar 

" 

Mylar 

Kel-F 
Teflon  TFE/glasa 

Polyimide 
Mylar 
Teflon  TFE/glaaa 
Teflon  TFE/glass 
Teflon  TFEIglaas 
Mylar 
Kel-F 
NIA 
NIA 
N I A  
NIA 
NIA 
Sil icone  rubber  

" 

r Gamma Er 
(ergs1 

redicted 
dC)) 
ronment 

olerance 

lX189 
7x10 
(6x109) 
5x109 

(6x189) 

(6x189) 

(6x1891 

1x10 
6x109 

6x10 

(6x109) 
( 6 ~ 1 0 ~ )  

6x109 

5x10 
( 3 ~ 1 0 ~ )  
( 3 ~ 1 0 ~ )  
2x1010 
2x1010 

(1x109) 

N /A * 
N /A 
7x106 
7x106 

1x10 

6x10 
( 6 ~ 1 0 ~ )  
( 6 ~ 1 0 ~ )  

(6x189) 

(6x189) 

(6x189) 
5x10 

2x1010 
(3x109) 

(6x109) 
(5x109) 
( 5 ~ 1 0 ~ )  
(5x109) 
6x109 
( 3 ~ 1 0 ~ )  
N/A 
NIA 
NIA 
NIA 
NIA * 
(8x106 ) 

r 
- 

F 

F 

Y 
Y 
P 
F 

E 

I 

\ 

I 
I 
I 

1 

1 

- 

Spec i f i ca t ion   o r  Vendor 

luorogold 

'luorogold 

'espel 
k spe l  
I/N P36-673; Ci rc le   Sea l  
'/N PTlH-8-3P; Bendix Corp. 

'IN 622-513; Calmec Mfg.  Co. 

:luorogold 

lespel 

?luorogold 
?luorogold 
?luorogold 

PIN P36-673; Ci rc le   Sea l  

P/N PTlH-8-3P; Bendix 



Par t  Number 

S0139T8 
S0046T26 

MC252C4TA 
1B75003-1 

1 ~ 6 7 8 4 3 - x ~  
1~68776-1 

24798 

23825-1 

10414087 

7851823-503 

1B66692-501 

s-1-022w 
AR10105-017AlQ 

" 

" 

1B66405-501 
MC252C4TA 
MGC60778C12 
S0046T26 
S0139T4 
1~58239-1 
1~40824-507 

NO. 48 
25901 

MC252C4TA 
1B62778-mat 

S0046T26 

1B43660-n 
1~58239-1 

548-43 
548-xx 

548-46 

PTlH-8-4P 
" 

CMS-101K-2 

659-51 
622-139 

MC252C4TA 
1B75004-501 

S0046T-xx 
1~48857-503 
1~58239-1 

lB29290-xx 
1B29290-1 

PRP568-902 
W7350-507 

PRP568-020 
65-234 
~ ~ ~ 5 6 8 - 0 1 3  

Subsystem 

n e m a t i c  Power 

' nema t i c  System 

'nemat ic  Power 

Table  6-9  (continued) 

RADIATION SENSITIVE CWONENTS - S-IVB PROPULSION SYSTEM (1~39318-551) 

Component 

I-ring 
b r i n g  

:ace coated seal 
;pacer 
spacer 
dodule, ac tua t ion   cont ro l  

Packing 
Packing 
Sea l  

d t r i c a l  
Solenoid Ass 

e 
Packing 

lisconnect 

:ace coated seal 
?ace  coated  gasket 
b r i n g  
I-ring 
seal. vent 6 

Seat  

Ialve Assy 
Sea l  

Face  coated seal 
O-ring 

Valve, solenoid,cold I+ 
Seal  

Gasket 
Seat 

Connector 
O-ring 

Solenoid ass 
wire. e l e z t r i c a l  

Plug 
Sea l  
Seat 

pace coa ted   sea l  
I-ring 
rank 
lent seal 
strap Amy 

Pads 
4odule  Assy, He f i l l  

Gasket 
O-ring 
Poppet seal 
O-ring 

Material 

Teflon TFE 
Teflon TFE 

Teflon TFE coated 
Laminated  epoxy 
Laminated  phenolic 

Si l icone  rubber  
Si l icone  rubber  
Teflon TFE 

Teflon TFE insul.  

Teflon TFE 
N/R 

" 

" 

" 

" 

Teflon TEE coated 
" 

Teflon TFE 
Teflon TFE coated 

Teflon TFE 
Kel-F 

Kel-F 
Teflon TFE 

Teflon TFE coated 
Teflon TFE 
Kel-F 

Mylar 
Mylar 

Si l icone  rubber  

Teflon TFE insu l .  
Kel-F 
Teflon TFE 
Polyimide 

Teflon TFE coated 
Teflon TFE 
N/R 
Kel-F 

Teflon TFE 

N/A 
N/A 
Polyimide 
N/A 

" 

" 

" 

" 

" 

" 

" 

" 

T 
Gamma El 

(ergs 
'redictec 

6x108 
6 ~ 1 0 ~  

3x10' 

3x108 

1.1 

1.1 
1 .1  

1.1 

5x1 

5x1 

Lronment 
n(C)) 
:oleranct 

7x106 
7x106 

7x106 
(1x108 

(lX109) (1x1p 
1x108 
1x108 

7x10 

7x10 

* 
(,7x106) 

N/R 

7x106 
(1x108) 
(1x108) 

1x109 
1x109 
1x109 
( 7 x y 6  1 

7x106 
7x106 

clxlg8) 
7x10 

7x10 

7x106 
6x10' 
(6x10') 

~ 0 9  

* 
1x10 
( 8 q a )  

1x108 
( 3 ~ 1 0 ~ )  
7x106 
2x1010 
7x106 

7x106 
N/R 

(1x108) 

1x109 * 
(1x188) 
1x10 

N/A 
@/A) 

N/A 
2x1010 

-r 

- 
" 

1 
1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

7 

1 

1 
1 
1 
1 
1 - 

S p e c i f i c a t i o n   o r  Vendor 

P/N 31850-3; S t a r e r  Mfg. CO. 

P /N  ARlOlO5-017AlQ; Aeroquip  Corp. 

BIL-W-7139 
P/N 15600;  Benton  Corp. 

P/N 1198004-02; Puro la tor  

PIN MGC 60778012;  Aeroquip Corp. 

P/N 60192; J. C. Carter Co. 

P/N 548-515; Calmec Mfg.  Co. 

P/N PTlH-8-4P; Bendix  Corp. 

Ieepel 

P/N 4425002; Airtec Dypamics 

P/N 64-820-04; F a i r c h i i d  Hiller 
P/N PRP568-902-1005-75; Precision Rubber 
P/N PRP568-020-1005-75; Prec is ion  Rubber 
P/N SP-1; Dupont 
P/N PRP568-013-1005-75; Precision Rubber 



Table 6-9 (continued) 

RADIATION  SENSITIVE  COMPONENTS - S-IVB  PROPULSION SYSTEM (lA39318-551) 

Pa r t  Number 

PRP568-003 
PRP568-016 
64-790 
64-809 
PRP568-906 
MS28774 
1B65857-1 
1B66692-1 
24798 
s-1-022w 
&RlO105-017AlQ 
lB67481-1 

1B67700-505 
PTlH-8-3P 

D-62390-24 
MS28774 
S-20000-006AG 
S-21000-ZAG 
MGC-60778C-12A 
PRP2118-026 
lB67843-xx 
1B68835-1 
10414087 

1B77000-1 
MC252C4TA 
1B67713-1 
1B67715-1 
62390-6 
42272-4 
85134 

MGC60778c-12 
42271-X 
MS28774 

K2319-40 
1B67212-501 

S0046T37 
S0139T2 
MC252C4TA 
1B59008-501 

1B67212-xx ( ty  
1862600-533 
VD261-0003-000 
lA35427-501 
1866639-1 
1P20056 
1B66627-1 
1B66798-1 

" 

" 

" 

" 

" 

" 

Subsystem 

,urner   Ins t l  

tal) 

Component 

O-ring 
O-ring 
Solenoid 
Seat 
Gasket 
Backup r ing  

lpacer 
lodule  Actuation  Control 

Packing 
Packing 
Sea l  

ralve  Asay.  check 
Sea l  

lodule Assy meu. Fwr.Conl 
Connector 

O-ring 
Solenoid 
Backup r ing  
O-ring 
O-ring 
Face  coated  gasket 
O-ring 

;pacer 
;pacer 

Packing 

Face  coated  seal  
'neu.  Control Assy 

Regulator 
Valve, Pneu. cont ro l  

Thread  lock 
Packing 
Solenoid 

Wire, e l e c t r i c a l  

Packing 
Face  coated  gasket 

Retaining  r ing 

:solation Mount 

b r i n g  
b r i n g  
'ace  coated seal 

Liner 

U t e r  - 
Liner 

tnsulation 

Gasket 
Face  coated  seal  

Actuator Assy 
Lubricant 
Gasket 
Sea t  

Material  

N/A 

N/A 

N/A 

N/A 

Kel-F 

Teflon TFE 
Laminated  epoxy 

Si l icone  rubber  
Si l icone  rubber  
Teflon TFE 

Silicone  rubber 

" 

" 

" 

" 

Teflon TFE coated 
Teflon TFE 
Laminated  epoxy 
Laminated  epoxy 

Toflon TFE 

Teflon TFE coated 
N /A 

Nylon 

" 

" 

" 

N/R 

Teflon TFE insu l .  
Teflon TFE coated 

Teflon TFE 
NIR 

" 

" 

Teflon TFE 
Teflon TFE 

Teflon TFE coated 
Teflon TFE 

Teflon TFE 
Polyurethane foam 

Teflon TFE coated 
" 

N/A 
" 

Teflon FEP 
Perfluorinated&l; 

Teflon TFE 

Cr i t ica l  

ca t ion  
Appli- 

1 . 5 ~ 1 0 ~  

1. 5x109 

1. 5x109 

1.5~10' 

N/A 
N/A 
N/A 
lX109 

(2x101 ) 

(1x109) 
(1x109) 

( 7x1O6J 

7x106 

8x108 
7x106 

8x108 
7x106 * 
( 8 ~ 1 0 ~ )  

( 7 ~ 1 0 ~ )  
N/R 
N/R 

7x10 

N/A 

( 1 X 1 p  

(2x1010) 
(2x1010) 

(7x106) 

(1x108) 
N/A 
1x108 

N/R 

1x108 
1x108 

N/R 
1x108 

* 
* 

(3x109) 

( 7x106) 

7x106 * 
(h1p 
7x10 
7x106 
(1x108) 
1x108 
1x108 
(1x1010) 

(1x108) 
(N/A& 

(1x108) 

7x106 

7x10 

( 7 ~ 1 0 ~ )  
7x106 

T Spec i f i ca t ion   o r  Vendor 

'/N PRP568-003-1005-75 ; Prec is iow Rubber 
'/N PRP568-016-1005-75 ; Precision Rubber 

&lS-3650 
'/N PRP568-906-1005-75; Precision Rubber 

I/N 31850-3; Sterer  Manufacturing Co. 

'/N AR10105-017AlQ; Aeroquip Corp. 
'/N P36-673; James,  Pond, Clark,  Inc. 

'/N A-62390-531; Adel 
'/N PTlH-8-3P; Bendix Corp. 

'/N MGC60778C-12A; Aeroquip Corp. 
' /N PRP2118-026; Precision Rubber 

'/N B-15600; Benton Corp. 

? /N  679000; Fa i rch i ld  Hiller 
?/N 72552; Adel 

?/N 42272-4; P l a s t i c  h Rubber Co. 
1IL-P-17091 

?/N 42271-x; P l a s t i c  h Rubber Co. 

?/N K2319-40; Robinson Tech Prod. 

?/N VD261-0003-0008;  Navan Prod. 



I 

P a r t  Number 

1B67211-1 
lH"1 
101-004 
7869679 

1B74477-509 
S0046T-xx 
SOO46S-xx 
lA48240-511 
lA49320 
lA49968-519 
1A77906-1 

" 

1839067-1 
1858239-1 
1B66932-501 
1866935-1 
lA78053-1 

1P20057 

" 

" 

" 

" 

MC252C4TA 
1B58001-507 

1B52624-515 

MAE57-11 
JGE-121 

JEG182 
SF278 

JEB330B 
JGDl2l 

MAE57-12 
1852624-519 

PTlH -X 

" 

" 

JGE121 
JEB330A 

JEG-182 
SF278 
JGDl2lB 
1A49958-517 
1B52623-515 

" 

Subsystem 

;wi tch   Ins ta l la t  

Component 

Gasket 
Switch 
S ea1 
Wire, e l e c t r i c a l  

O-ring 

Valve 
O-ring 

Valve 
Duct assy 

F i l l  assy 
Sea lan t  
Tape 

Vent s e a l  
Insu la t ion  

Disconnect 
Sea l  

F i l l   a s s y  
Tape 
Sealant 
Sleeve 
Insu la t ion  

Shrinkable  tube 
Pot t ing  
Switch 
Wire, e l e c t r i c a l  
Receptacle 
Sea l ,   r ing  

Shrinkable tube 
Receptacle 

Face  coated seal 

Wire, e l e c t r i c a l  
Receptacle 

Switch 
Pot t ing  
Sea l ,   r ing  

Disconnect  Assy 
Switch  Assy 

Switch Assy 

O-ring 

Material 

Teflon FEP 
N /A 
Teflon 'EE 
Teflon TFE insu l .  

Teflon TFE 
Si l icone  rubber  
N/A 
N/R 
N/R 

Si l icone  rubber  
F iberg lass  
Polyurethane foam 
Kel-F 

Kel-F 

Mylar 
Si l icone  rubber  
Nylon f ab r i c  
Polyurethane 

" 

" 

" 

" 

Teflon TFE coated 

Teflon TFE coated 
Si l icone  rubber  

N/A 
Epoxy base 

Teflon TFE insu l .  
N/A 
Viton A 

Si l icone  rubber  

Si l icone  rubber  
Teflon TFE coated 
N /A 
Teflon TFE insu l .  

Epoxy base 
Viton A 
N / R  
N/R 

" 

" 

" 

" 

N/A 

T 

1. 5x109 

1. 5x109 

1.5 

1.5 

1x1 

X I  

.09 

.09 

nv: Lromnent 
Spec i f ica t ion  or  Vendor 

( 7 ~ 1 0 ~ )  
N/A P/N 1HM-1; Honeywell Microswitch 
7x106 P/N 101-004; Balseal Engr. Co. 
1x108 

* 
(1x1010) 
(1x109) 
(3x109) 
( 5 ~ 1 0 ~ )  

P/N 402000-2; Fa i r ch i ld  Hiller 

PIN 527510; Snapt i te   Inc.  
P/N 1303426-103; S t a i n l e s s   S t e e l  Prod. 

1x108 I 

1P2005 7 

N/A . (Microswitch 
1x108 
N /A 
6x109 
1x108 
(2x109) 

(8x108) 
(1x108) 

1x108 

(2Xl(p  

* 

N/A 

N/A 

N/R 
6x10 

N/R 

P/N 22690-8-4P;  Deutsch 

P/N21SN25; Consolidated  Controls 

P/N PTlH; Bendix  Corp. 

MIL-R-25897 

P/N 22690-8-41;  Deutsch 

Microswitch 
S tycas t  2651; Emerson and Cuming 

P/N 1265004-06; Puro la tor  Prod. 
P/N 72214-513; Hydra E l e c t r i c  Co. 

MIL-R-25897 

I 



I 

' I  

Par t  Number 

1B68375-501 
FC6511002-X 
50046T-X 
1866932-501 
1B66935-1 
lA48240-511 
lA49968-521 
1A49969-503 
1B58239-1 

Subsystem 

xidizer Feed Syr 

Table  6-9  (continued) 

RADIATION SENSITIVE COMPONENTS - S-IVB  PROPULSION SYSTEM (lA39318-551) 

Component 

!! 
pal 
-ring 
Lsconnect Assy 

Seal 

Valve 
Duct Assy 
Vent Sea l  

* 

Material  
Cr i t ica l  

ca t ion  
Appli- 

Gamma El 
(ergs,  

'redictec 

.ronment 
1 

'olernnce 

7x106 
N/R 
7x106 
lX109 
lX109 
lX109 
N/R 

1x10 
(Nh4  

Spec i f i ca t ion   o r  Vendor 

/N FC6511002-x; Fluorocarbon Co. 

/N 402000-2; Fa i rch i ld   Hi l le r  
/N 527511; Snapt i te   Inc.  
/N 1303349-102; S ta in l e s s   S t ee l  Co. 



Table 6-10 

RECOmNDED  MODIFICATIONS - S-IVB PROPULSION SYSTEM 
~ 

Subsystem 

Chilldown I n s t a l l a t i  

Engine   Ins ta l la t ion  

Or i f i ce   In s t a l l a t ion  

Pneumatic  System (1B 

Ambient Repression S 

Oxidizer Vent  System 

Pa r t  Number 

MC252C4TA (Typ) 
lA82714-535 

1B58239 

22-7066 (Typ) 
14-449 (Typ) 

22-7069 
99-4444 
" 

S0046T-xx (Typ) 

65-214 
66-502 

64-406 
PR-1939 

MGC61085C275 
22-7061 

1B58239 
1B67912 
103826 

MC252C4TA 
1B58239 
AR10105-017P 
24798 (Typ) 

ilQ 

008) 
MC252C4TA 
1B58239 
1B65813-X 
S0046T-xx 

p2J 
S0046T26 
25901 
No. 48 
62575-A 
622-139 

1B58239 
" 

MC252C4TA (Typ) 

S0046T161 
528-92 ( T y p )  

171-153 (Typ) 
1958239 

931-21 

Application 

Receptacle 
Face  coated  seal  
Vent seal 
Bearing 
Wire, e l e c t r i c a l  
Sleeve,  tubing 
Sea l  
Tape 
O-ring 
Sea l ,   r ing  
Gasket 
Sea l  
Sea lan t  
Wire, e l e c t r i c a l  
Face  coated  gasket 

Face  coated  seal  
Vent s e a l  

Engine  assy  (see 
Table 6-11) 

Face  coated seal 
Vent s e a l  

Packing 
S ea1 

Face  coated  seal  
Vent seal 
Fabr ic  and cord 
O-ring 

Valve s e a t  
O-ring 

Face  coated  seal  
Sea l  

Sea l  
O-ring,  connector 
Vent seal 

Face  coated seal 
S e a l   o r   s e a t  

Vent seal 
O-ring 

Gasket 
Receptacle 

Assigned 
Category  of 
Modification 

Required 
Not c r i t i c a l  

Desired 
Required 

Required 
Not c r i t i c a l  
Required 
Not c r i t i c a l  
Required 
Desired 
Desired 
Required 
Required 
Required 
Not c r i t i c a l  

Required 
Not c r i t i c a l  

Not c r i t i c a l  

Required 
Desired 

Desired 

Not cri t ical  

Not c r i t i c a l  
Desired 

Required 

Required 

Not c r i t i c a l  
Desired 

Not c r i t i c a l  
Required 
Not c r i t i c a l  
Desired 

Required 
Not c r i t i c a l  

Required 
Required 

Not c r i t i c a l  
Required 

T 
Material 

Unknown 
Teflon TFE coated 
Kel-F 

Teflon TFE insu l .  
Teflon  TFE/glass 

Teflon TFE 
Teflon TFE 
Teflon TFE 
Teflon TFE 
Teflon  TFE/glass 
Teflon  TFE/glass 
Teflon FEP 
Si l icone  rubber  
S i l icone   insu l .  
Teflon TFE coated 

Kel-F 
Teflon TFE coated 

Teflon TFE coated 
Kel-F 
Teflon TFE 
Si l icone  rubber  

Teflon TFE coated 
Kel-F 
Nylon 
Teflon TFE 

Teflon TFE 
Kel-F 
Teflon TFE 
Teflon TFE coated 
Teflon TFE 

Kel-F 
Si l icone  rubber  

Teflon TFE 
Teflon TFE 
Teflon TFE 
Kel-F 
Kel-F 
Unknown 

7- 
Tolerance 

(ergs/gm(C)l 

1x108 
1x109 
13~109 
1x108 
1x108 

2x107 

7 

7x106 

7x106 
5x109 
5x109 
7x108 
1x109 
lX109 
1x108 

lX109 
1x108 

1x108 
1x109 

lX109 
7x106 

1x108 

lX109 
1x109 

7x106 

7x106 

7x106 

7x106 

lX109 

1x108 

1x109 
lX109 

1x108 

1x109 
1x109 

7x106 
7x106 

7 

Modified 

Recammended 
Material 

Vitreous  glass* 
Kynar  coated* 
Kynar 
Polyimide* 
Polyimide 

Kynar 
Teflon/glass 

Rubber/glass 
Polyimide 
Kynar 
Kynaric 
Kynar 
Polyimide 
Polyimide 
Kynar coated* 

Kynar 
Kynar coated* 
See Table  6-11 

Kynar coa teM 
Kynar 
Kynar 
Polyimide 

Kynar  coated* 
Kynar 

Polyimide 
Polyimide 

Polyimide 

Polyimide* 
Polyimide 

Kynar  coated* 
Kynar 

Kynar 
Vitreous  glass* 

Kynar coated* 

Polyimide 
Polyimide 

Kynar 
Kynaric 
Vitreous  glass* 

1 
Tolerance 

(ergs/gm(c)) 

3 ~ 1 0 ' ~  
3 ~ 1 0 ' ~  

" 

2x1010 
1 x 1 0 ~ 0  
1 x 1 0 ~ 0  

2x1010 
1 x 1 0 ~ 0  
3x1010 

3x10" 
3x1010 
3x1010 
2x1010 
1 x 1 0 ~ 0  
3x1010 

3x1010 
3x1010 

3x10" 
3x1010 
3x1010 
2x1010 

3x1O1O 
3x1010 
3x10" 
2x1010 

2x1010 
2x1010 
2x1010 

2x1010 

3x1010 
3x10" 

3x1010 

3x1010 
2x1010 
2x1010 
3x1010 
3x1010 
" 



Table 6-10 (cont'd) 

RECOXMENDED  MODIFICATIONS - S-IVB  PROPULSION SYSTEM 

I 

I 

I 
' ?  

Ln 
0 

Subsystem 

Oxidizer Vent Syste 

% Vent System 

Pneumatic Power (la 

Pneumatic  System ( 1  

Part Number 

(cont'd). 

AN6290 
528-91 (Typ) 

528-59 
519-127 
528-45 
519-85 
528-110 
MS9068 

" 

ASF 200 (Typ) 
MC252C4TA (Typ) 
1B58239 
S0046T-xx 
LA93730 
LA94469-X 

511-61 (Typ) 
511-5 (Typ) 
519-127 
2-15S604 
519-117 
519-47 

931-14 
519-85 (Typ) 

AN6290 
931-9 

931-21 
Dri-lube 

" 

ooo) 
MC252C4TA 
S0046T18 

24798 ( T y p )  
1B58239 

AR10105-017AlQ 
1B67481-xx 

" 

" 

8006) 
MC252C4TA ( T y p )  
25901 
No. 48 
5045-002-0-2 
1B58239 

Application 

Sea l  
O-ring 
Tubing 
Retainer  r ing 

Valve s e a t  
In se r t  

Spacer 

O-ring 
Plug 

Sea l   o r   sea t  
Face  coated seal 
Vent s e a l  
O-ring 
Gasket o r   s e a l  
Sleeve 
Tubing 
Gasket 
Gasket  or  valve  seat  
In se r t  
O-ring 
Sea l  
Retainer   r ing 
Spacer or plug 

Retainer  r ing 
Bearing 

O-ring 

Lubricant 
Receptacle 

Face  coated  seal  
Gasket 
Vent seal 
Packing 
Wire, e l e c t r i c a l  
Sea l  
Sea l  
Connector 

Face  coated seal 
Valve sea t  
Sea l  
Liner 
Sea l  

Assigned 
Category  of 
Modification 

Desired 
Required 

Not c r i t i c a l  
Not C r i t i c a l  

Not c r i t i c a l  
Required 
Not c r i t i c a l  
Not c r i t i c a l  
Desired 

Required 
Not c r i t i c a l  
Required 
Required 
Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i p a l  

Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  
Required 
Desired 
Not c r i t i c a l  
Not c r i t i c a l  
Required 
Not c r i t i c a l  
Required 
Required 
Required 

Not c r i t i c a l  
Required 
Des i r ed  
Not c r i t i c a l  
Required 
Required 
Desired 
Desired 

Not c r i t i c a l  
Desired 
Not cri t ical  
Not c r i t i c a l  
Desired 

An D 

Material  

Teflon  TFE/glass 
Teflon TFE 

Kel-F 
Teflon TFE 

Kel-F 
Teflon  TFE/glass 

Kel-F 
Kel-F 
Viton A 

Teflon TFE 
Teflon TFE coated 
Kel-F 
Teflon TFE 
Teflon  TFE/glass 
Nylon or  Aclar 

Sil icone  rubber 
Teflon TFE 

Kel-F 
Teflon  TFE/glass 
Sil icone  rubber 
Mylar 
Kel-F 
Kel-F 
Teflon TFE 
Teflon TFE 
Teflon TFE 
Unknown 
Teflon  base  spray 

Teflon TFE coated 

Kel-F 
Teflon TFE 

Silicone  rubber 
Teflon TFE insu l .  
Teflon TFE 
Silicone  rubber 
Si l icone  rubber   in  

Teflon TFE coated 
Kel-F 
Teflon TFE 

Kel-F 
Teflon TFE 

Lgned 
Tolerance 

(ergs/gm(C)) 

5x109 
7x106 
1x108 
lX109 
ax109 
lX109 
3x109 
3 x109 
6x109 

7x106 
1x108 
lX109 

lX109 
1x108 
8x108 
lX109 
13~109 
8x108 

lX109 

5x109 
7x106 

6x109 

3x109 
3x107 
7x106 
7x106 

? 
1x108 

1x108 

1x109 
lX109 

1x108 

8x108 
7x106 

T t  1x109 

1x108 
1x109 

1x108 
1x109 

7x106 

7x106 

Modifi 
Recommended 
Material 

Kynar 
Polyimide 
Teflon/glass 
Polyimide* 
Polyimid& 
Kynar 
Laminated e p o x 9  
Polyimide* 
Polyimide 

Kynar 
Kynar coated* 
Kynar 

Kynark 
Polyimide 

Teflon/glass 

Kynad 
Teflon/glass 

Kynark 
Polyimide* 
Polyimide 
Kynar 
Polyimide* 
Polyimide* 
Polyirnide* 
Polyimide* 

Vitreous  glass* 
Polyimide 

MOS 2 

Kynar  coated* 
Kynark 
Kynar 

Polyimide 
Polyimide 

Kynar 
Kynar 
Vitreous  glass- 

Kynar coate* 
Polyimide 
Polyimide* 
Asbestos/rubber 
Kynar 

1 
Tolerance 

(erps/pm(C)) 

2x1010 
3x1010 

1 x 1 0 ~ 0  
3x1010 
3x1010 
3 ~ 1 0 ~ 0  

3x1010 
2x1010 

2x1010 

3 ~ 1 0 ~ '  

3x10" 
3x1010 

3x1010 
2x1010 

1 x 1 0 ~ 0  
lxl010 
3x1010 
3x1010 
3x1010 

3x1010 
3x1010 
3x1010 
3x1010 
3x1OLo 

2x1010 

2x1010 

" 

" 

3 ~ 1 0 ' ~  

3x1010 
3x1010 

2x1010 
1 x 1 0 ~ 0  
3x10" 
3x1010 

3 ~ 1 0 ' ~  
2x1010 
2x1010 
3x1010 
3x10" 



L 

Subsystem Pa r t  Number 

Pneumatic  System (1B58006) ( con t ' d l  
MS28775 I 622-123 
622-139 

S0139T8 ( T y p )  
MGC60778C12 
PTlH-8-3P 

Pneumatic Power  (1B; 

Pneumatic  System  (11 

Pneumatic Power  (1B7 

MC252aTA 
24798 ( T y p )  
AR10105-017AlQ 

10414087-X 
" 

405) 
MC252C4TA 
MGC60778C12 
S0046T26 ( T y p )  
1B58239 (Typ) 
25901 
No. 48 
548-43 
548-xx 

CMS-101-K2 
622-139 
548-46-xx 

" 

%252C4TA 
S0046T-xx 
1B58239 
1B29290-xx 
PRP568-902 ( T y p )  
PRP568-020 (Typ) 

MS28774 
64-809 

24798 
AR10105-017AlQ 

S-20000-006AG 
s-21000-2AG 
MGC60778C-12A 
PRR2118-026 
10414087-X 
42272 
1B67481-xx 

" 

Table 6-10 (cont'd) 

RECOXHENDED  MODIFICATIONS - S-IVB  PROPULSIQl SYSTEM 

Application 

O-ring 
Seal  
Sea l  

Face  coated  gasket 
O-ring 

O-ring,  connector 

Face  coated seal 
Packing 
S ea1 
Wire, insu la ted  
Packing 

Face  coated  seal  
Face  coated  gasket 
O-ring 
Sea l  
Valve seat 
Sea l  
Valve s e a t  
Gasket 
O-ring,  connector 

Sea l  
Plug 

Wire , e l e c t r i c a l  

Face  coated seal 
O-ring 
Vent s e a l  
Pads 
Gasket 
O-ring 
Valve seat 
Backup r i n g  
Packing 
Seal 
O-ring 
0-r ing 
O-ring 
Face coated  gasket 
O-ring 
Packing 
Phread lock 
Seal 

Assigned 
Category  of 
Modification 

Desired 
Required 
Desired 
Desired 
Not c r i t i c a l  
Desired 

Not c r i t i c a l  
Not c r i t i c a l  
Required 
Required 
Not c r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  
Required 
Required 
Required 
Not c r i t i c a l  
Desired 
Not c r i t i c a l  
Not c r i t i c a l  

Required 
Not c r i t i c a l  

Required 

Not c r i t i c a l  
Required 
Required 
Not c r i t i c a l  
Not c r i t i c a l  

Required 
Required 

Not c r i t i c a l  
Not c r i t i c a l  
Required 
Not c r i t i c a l  
Required 
Required 
Not cri t ical  
Required 
Not c r i t i c a l  
Not c r i t i c a l  
Required 

ASDI  

Mater ia l  

Buna N 
Teflon TFE 
Teflon  TFE/glass 
Teflon TFE 
Teflon TFE coated 
Si l icone  rubber  

Teflon TFE coated 
Si l icone  rubber  
Teflon TFE 

Teflon TFE 
Teflon TFE 

Teflon TFE coated 
Teflon TFE coated 
Teflon TFE 
Kel-F 
Kel-F 
Teflon TFE 
Mylar 
Mylar 
Si l icone  rubber  
Kel-F 
Teflon TFE 
Teflon TFE insu l .  

Teflon TFE coated 
Teflon TFE 
Kel-F 
Teflon TFE 
Unknown 
Unknown 
Kel-F 
Teflon TFE 
Si l icone  rubber  
Teflon TFE 
Silicone  rubber 
Unknown 
Unknown 
Peflon TFE coated 
Peflon TFE 
reflon TFE 
Jylon 
Silicone  rubber 

gned  
Tolerance 
(erp;s/grn(C)) 

lX109 

5x109 
7x106 

7x106 
1x108 
lX109 

1x108 
lX109 

1x108 
7x106 

7x106 

1x108 
1x108 

lX109 
lX109 

7x106 

6x109 
7x106 

6x109 

3x109 
7x106 

lX109 

1x108 

1x108 

1x109 
1x108 

lX109 

lX109 

lX109 

7x106 

? 
? 

7x106 

7x106 

1 

1xi08 
7x106 
7x106 
3x109 
8x108 

Modif 
Recmended 
Mater ia l  

Polyimide 
Kynar 
Kynar 

Kynar  coate# 
Polyimide 

Vitreous  glass* 

Kynar  coate# 
Polyimide 
Kynar 

Polyimide 
Polyimide 

Kynar coated* 
Kynar coate& 
Polyimide 

Polyimide 
Kynar 

Polyimide* 
Polyimide 
Polyimide* 
Polyimide** 
Polyimide* 
Kynar 
Polyimide 

Kynar  coated* 
Polyimide 
Kynar 
Asbestos/rubber 
Polyimide* 

Polyimide 
Polyimide 

Polyimide 
Polyimide 
Kynar 
PolyimideH 
Polyimide 
Polyimide 
Kynar  coated* 
Polyimide 

Polyimidex 
Polyimide 

Kynar 

d 
Tolerance 

(ergs/gm(C)) 

2x1010 

2x1010 

3 ~ 1 0 ~ 0  
3x1010 

3 ~ 1 0 ~ '  
" 

3x1O1O 

3x1010 
2x1010 

2x1010 
1 x 1 0 ~ 0  

3 ~ 1 0 ~ '  
3x1O1O 

3x1010 
2x1010 

2x1010 

2x1010 
2x1010 

2x1010 
2x1010 

1 x 1 0 ~ 0  

3x1010 
3x1010 

3 ~ 1 0 ~ '  

3x1010 
3x1010 

2x1010 

2x1010 
2x1010 
2x1010 

2x1010 

2x1010 

2x1010 
2x1010 

2x1010 
2x1010 

3x1010 

3 ~ 1 0 ~ '  

3x1010 

3x1010 
3x1010 



~~ 

Subsystem 

Burner Ins t a l l a t ion  

LH2 F i l l   S y S t m  

Switch InstAlation 

Oxidizer  Feed  System 

~~ 

Part Number 

K2319-40-X 

MC252C4TA (Typ) 
S0046T37 

1P20056 

1B59008-X 
lA35427 
1B66627 
1B66798 
101-004 
7869679 

S0046T-xx 
SOO46S-xx 
lA77906-X (Typ) 
1B66935 
lA78053-X 

MC252C4TA 
MAE57 

JGDIZI 
" 

JEB330B 
" 

FC6511002 
S0046T-xx 
1B66935 (Typ) 

Table 6-10 (cont'd) 

RECOMMENDED  MODIFICATIONS - S-IVB  PROPULSION SYSTEM 
~ 

Application 

Liner  for mount 
D-ring 
Face coated  seal  
Lubricant 

Filter l i n e r  
Gasket 
Gasket 
Valve s e a t  
Seal 
Wire, e le ' c t r ica l  

O-ring 
O-ring 
Sealant 
Seal 
Sleeve 

Face  coated  seal 
Sleeve 
Wire, e l e c t r i c a l  
Ring s e a l  
O-ring 
Receptacle 

Sea l  
O-ring 
S ea1 

Assigned 
Category  of 
Modification 

r 

Not cri t ical  
Required 
Not c r i t i c a l  
Not c r i t i c a l  

Required 
Not c r i t i c a l  
Not c r i t i c a l  
Required 
Required 
Required 

Required 

Required 
Required 

Required 
Not c r i t i c a l  

Not c r i t i c a l  

Required 
Not c r i t i c a l  

Not c r i t i c a l  
Desired 

Required 

Required 

Required 
Required 

As De 

Material 

Teflon TFE 
Teflon TFE 
Teflon TFE coated 
Perfluorinated 

Teflon TFE 
a l ipha t i c  

Unknown 
Teflon FEP 
Teflon TFE 
Teflon TFE 
Teflon TFE insu l .  

Teflon TFE 
Silicone  rubber 
Sil icone  rubber 
Kel-F 
Nylon f ab r i c  

Teflon TFE coated 
Sil icone  rubber 
Teflon TFE insu l .  
Viton A 
Sil icone  rubber 
Unknown 

Unknown 
Teflon TFE 
Kel-F 

1x108 

1x108 
1x108 

7x106 

1x108 
7 

7x108 
7x106 
7x106 
1x108 

8x108 
7x106 

1x109 
1x109 
3x109 

1x108 
2x109 
1x108 

lX109 
6x109 

1 

7x106 
7 

lX109 

r Modifia 
Recmended 
Material 

Asbestos/rubber 
Polyimide 
Kynar coated* 
HoS2 

Metal 
Kynarir 
Kynaric 
Polyimide 
Kynar 
Polyimide 

Polyimide 
Polyimide 
Polyimide 
Kynar 
Teflon/glass 

Kynar coated* 
Te f lodg las s  
Polyimide 
Kynar 
Polyimide 
Vitreous  glass* 

Kynar 
Polyimide 
Kynar 

Tolerance 
(erga/gm(c)) 

3 ~ 1 0 ~ '  

3 ~ 1 0 ~ '  
2x1010 

" 

3x10" 
3x1010 

3 ~ 1 0 ' ~  

" 

2x1010 

1 x 1 0 ~ 0  

2x1010 
2x1010 
2x1010 

1 x 1 0 ~ 0  
3x1010 

3x10'' 
1 x 1 0 ~ 0  
1 x 1 0 ~ 0  

2x1010 
3x109 

" 

2x1010 
3x1O1O 

3x1010 

1 

Wpec i fy   connec to r s   w i th   g l a s s   i n se r t s  
*Use so f t   me ta l   i f   poss ib l e  



each reactor  operation, similar components  might  be  required. 

The r ad ia t ion   s ens i t i ve  materials contained  in  t h e  S-IVB 

propulsion  system and a description  of their  appl icat ions are 

summarized in  Table 6-9.  With t h e  exception  of t h e  following 

components, a l l  chilldown  system components were reviewed: 

Component Description Part Number Manufacturer 

Grease DPM-3329-1 McDonnell Douglas 
Relief  valve 7696938 McDonnell Douglas 
E l e c t r i c a l   r e c e p t i c a l  46019-14-192 Deutsch Co. 
Switch lHM25 Microswitch Co. 
Actuator 67-091 McDonnell Douglas 
E l e c t r i c a l   r e c e p t i c a l  22651-14-19P McDonnell Douglas 

The DPM-3329-1 an t i -ga l l ing   g rease  is  used t o   l u b r i c a t e  

bo l t s  and i s  not   cons idered   c r i t i ca l .  Usage of  dry  film non- 

organic   lubricants  such as MoS2 w i l l  f a c i l i t a t e  disassembly. 

Specifying  e lectr ical   connectors  and recept ica ls  w i t h  ceramic 

i n s e r t s  w i l l  permit  their   usage in environments  greater  than 

1 ~ 1 0 ~ ~  ergs/gm(C) . Polyimide  insulated  wiring  and K y n a r  seals , 
gaskets,  and valve seats w i l l  permit  usage  of t h e  relief valves 

and actuators   to   exposures   greater   than 1 x 10" ergs/gm(C). 

The above  modifications  in  conjunction  with  those recom- 

mended i n  Table 6-10 increase t h e  recommended tolerance of t h e  

basic  design from 7 x lo6  ergs/gm(C) t o  1 x lo1' ergs/gm(C) f o r  

t h e  modified  design, which i s  in  excess  of t h e  predicted  environ- 

ment, 1.5 x 10  ergs/gm(C) . 9 



6.3.4.2 Engine I n s t a l l a t i o n  

The engine  system  installation (Dwg 1B66894-523) includes 

t h e  5-2 engine  and  the  interfacing seals and  disconnects  for  in- 

s t a l l i n g   t h e  5-2 engine  into t h e  S-IVB vehicle .  The modifications 

described  in  Table 6-10 increase t h e  recommended tolerance of 

t h e  supporting components t o  3 x 10" ergs/gm(C). The 5-2 

engine  system is d iscussed   in   de ta i l   in   Sec t ion  6.4. 

6.3.4.3 Forward  and  Tunnel Sect ion  Switch  Instal la t ion 

The forward  and  tunnel  section switch i n s t a l l a t i o n  (Dwg 

1B58000-505) could  not be analyzed  due t o  t h e  unavai lab i l i ty  

of  vendor  drawings for   the   p ressure  switch (Hydra-Electric Co. ; 

P/N 722150501) which is  the   on ly   rad ia t ion   sens i t ive  component 

con ta ined   i n   t h i s  subsystem. The switch  assemblies are high 

performance ca l ibra tab le   p ressure   swi tches  which are employed 

i n  t h e  controls   c i rcui t   for   operat ions  such as cont ro l l ing  t h e  

LH2 ground f i l l  valve, f i r s t  and  second  burn f l i gh t   con t ro l s ,  

and  during  prepressurization and repressurization  of t h e  LH2 

tank.  Analysis  of  other  pressure  switches  manufactured  to  the 

same spec i f ica t ion  as Dwg 1B52624 (Consolidated  Controls Corp. ; 

P/N 21SN25, discussed  in  conjunction w i t h  the   a f t   sec t ion   swi tch  

i n s t a l l a t i o n ,  Dwg 1B58001-507) indicates  t h a t  i t  can  be  radia- 

t i on  hardened to   r e l i ab ly   func t ion   i n   nuc lea r  environments up 

t o  1 x 10" ergs/gm(C). 

6 -54 



6.3.4.4 Cal ibra ted   Or i f ice   Ins ta l la t ion  

The c a l i b r a t e d   o r i f i c e   i n s t a l l a t i o n ,  Dwg 1B58007, i s  a 

f l i g h t  cri t ical  system  containing t h e  necessary seals, etc. f o r  

t h e   i n s t a l l a t i o n  of ca l ib ra t ed   o r i f i ce s   i n to  t h e  following S-IVB 

propulsion  subsystems: 

1. LOX tank  pressurization  system 

2. Ambient helium  repressurization  system 

3. LHZ tank  pressurization  system 

4. Engine pump purge  control  system 

In   add i t ion   t o   t he  seals, the  only component of t h e  cali-  

b ra t ed   o r i f i ce   i n s t a l l a t ion   con ta in ing   r ad ia t ion   s ens i t i ve  

materials i s  t h e  engine pump purge  control module (Sterer Manu- 

factur ing Company; P/N 38170-l), which contains a two-way sole-  

noid  valve  and  uses  helium  for  engine pump purge  control. The 

radiation  hardening  analysis  could  not be  completed  due t o  t h e  

unavai lab i l i ty  of  drawings f o r   t h e  two-way solenoid  valve. The 

Specification  Control Drawing fo r  t h i s  module, 1A58347, indicates:  

1. The e lec t r ica l   connec tor   for   the   so lenoid  valve 
is  a Bendix  Corp. P/N PTlH-8-3P having a s i l i cone  
rubber   inser t  w i t h  a radiat ion  tolerance of 
~ 0 9  ergs/gm(C). 

2. Wiring  between  connectors  and  internal components 
of t h e  solenoid  valve conforms t o  Douglas Specif i -  
ca t ion  7869679, which specifies  Teflon TFE insul-  
a t ion   ( rad ia t ion   to le rance  of  1x108 ergs/gm(C)) , 
o r   t o  MIL-W-16878 which specif ies   e i ther   Teflon 
TFE or  Teflon FEP insulated wires . 

3.  Diodes are used i n   p a r a l l e l  w i t h  t h e  c o i l s  of t h e  

I solenoid. 6 -55 



Based on th i s   in format ion ,  i t  is  be l i eved   t ha t  t h e  solenoid 

assembly   can   be   rad ia t ion   hardened   for   re l iab le   opera t ion   in  

nuclear  environments  of 1 x 10" ergs/gm(C) by specifying  connec- 

t o r s  w i t h  g l a s s   i n se r t s ,   u s ing   po ly imide   i n su la t ed   w i r ing ,   and  

judiciously  select ing  diodes.   These  modif icat ions  coupled  with 

those   descr ibed   in   Table  6-10 i n c r e a s e  t h e  recommended to l e rance  

of  t h e  basic   design from 7 x lo6  ergs/gm(C) t o  1 x 1O1O ergs/gm(C) 

f o r  t h e  modified  configuration,  which i s  g rea t e r   t han  t h e  pre-  

dicted  environment, 6 x 10 ergs/gm(C) . 8 

6.3.4.5 Main Fuel  Tank Pneumatic  System I n s t a l l a t i o n  

The components   required  for   the  instal la t ion  of   the  main 

fuel  tank  pneumatic  system (Dwg 1B58008-507) inc lude   the   neces-  

s a ry   p ip ing ,  seals, and valves for   providing  pneumatic   pressure 

t o   t h e   p r o p e l l a n t   t a n k  from the   he l ium  s to rage   bo t t l e s .  The 

r a d i a t i o n   s e n s i t i v e  materials and  components of the   bas ic   des ign  

can   be   rad ia t ion   hardened   by   the   modi f ica t ions  recommended i n  

Table 6-10 such  that   re l iable   performance  of  t h e  main fue l   t ank  

pneumatic  system  can  be  expected a t  nuclear  exposures of 1 x 10 10 

ergs/gm(C),  which  exceeds  the  predicted  environment, 6 x lo8 

ergs/gm(C) 0 

6.3.4.6  Ambient Repressurization  System 

The ambien t   r ep res su r i za t ion   sys t em  fo r   t he  oxygen  and 

hydrogen  propel lant   tanks  and  the  dual   repressurizat ion  system 

i n s t a l l a t i o n  are f l i g h t  c r i t i ca l  systems  which  contain t h e  
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necessary  piping, valves,  seals, and cont ro l   func t ions   for  con- 

nect ing  the  hel ium  s torage  bot t les   with  the  propel lant   tanks and 

regulat ing  the  tank  pressure.  With the  exception of the  solenoid 

assembly (Calmec Mfg. Co.; P/N 548-48) contained  in   the repres- 

sur iza t ion   cont ro l  module, a l l  ambient repressurization  system 

components were examined fo r   r ad ia t ion   s ens i t i ve  materials and 

appl icat ions.  The solenoid assembly  can  be  radiation  hardened 

by replacing t h e  Teflon wire insulation  with  polyimide  insulation. 

This  modification in conjunction w i t h  those recommended in Table 
9 6-10 r e s u l t s  in a system  with a recommended tolerance of 6 x 10 

ergs/gm(C). I f  necessary, this l i m i t  could be inc reased   t o  

1 x 10'' ergs/gm(C)  by replacing tk Mylar gaskets  with a more 

r a d i a t i o n   r e s i s t a n t  material. 

6.3.4.7 Oxidizer Tank Vent  System 

The RNS w i l l  not  contain  an  oxidizer  tank; however, many of 

t h e  components of the S-IVB oxidizer  tank  vent  system (Dwg 

1B69013-503) might 5e employedin other  RNS systems. T h i s  system 

contains a l l  the  necessary seals, gaskets,  pipes,  and  vent  and 

relief valve assemblies f o r  venting t h e  oxidizer  tank and pre- 

venting  excessive  pressure  buildup. These components can  be 

radiat ion  hardened  to  1 x lo1* ergs/gm(C)  by  performing t h e  

modifications recommended in  Table 6-10. 
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6.3.4.8 GH, Vent  System 

A gaseous  hydrogen vent  system, similar t o   t h e  S-IVB system 

(Dwg 1B74943-507), w i l l  be   required  for   the RNS to   con t ro l   t he  

p re s su re   i n   t he  LH2 tank  assembly  and  prevent  excessive  pressures 

throughout  the  propellant  feed  system. All components,  except 

the  following, were examined for   rad ia t ion   sens i t ive  materials: 

Component Description P a r t  Number Manufacturer 

Switch  assembly 511-96 Calmec Mfg Coo 
Connector lA82714-533 Deutsch Co. 
Switch 931-27 Microswitch Co. 
Switch  assembly 519-67 Calmec Mfg Coo 
E lec t r i ca l   r ecep t i ca l  931-21 Calmec Mfg Co. 

Although the  drawings  and  specifications  for these components 

were not   ava i lab le   for   ana lys i s ,  i t  is believed  they  can  be 

radiation  hardened by: 

1. Specifying electrical connectors  and  recepticals 
with ceramic i n s e r t s  . 

2 . Using  polyimide  insulated  wiring. 

3.  Replacing a l l  other  organic materials required 
f o r  t h e i r  construct ion w i t h  Kynar or   o ther   rad ia-  - 
t i o n   r e s i s t a n t  materials. 

The  recommended radiat ion  tolerance of the  basic  system, 

7 x 10  ergs/gm(C),  can  be  increased  to 1 x 1O1O ergs/gm(C) 6 

by the material subs t i t u t ion  and  minor  design  modifications 

recornended in   Table  6-10. 
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6.3.4.9 Main Oxidizer Tank Pneumatic  System 

The RNS design  does  not  include  an  oxidizer  tank; however, 

i t  could  incorporate t h e  design  and functional philosophy  of t h e  

S-IVB main oxidizer  tank pneumatic  system (Dwg 1B58006-503) fo r  

controll ing  the  transfer  of  gaseous  helium between t h e  helium 

s torage   bo t t les  and the   l i qu id  hydrogen propellant  tank.  In 

add i t ion   t o  t h e  gaskets and seal materials recommended f o r   t h e  

modified  design, many of  the valves and actuat ion  control  modules 

could  be employed i n   t h e  RNS pneumatic  system. The check valve 

used in   t he   co ld  helium f i l l   l i n e  (J. C. Carter Co.; P/N 60192) 

can be radiation  hardened  to  exposures of 3  x 10 ergs/gm(C) 

by replacing t h e  Kel-F valve seat w i t h  Kynar. The cold  helium 

dump cont ro l  module (Calmec Mfg. Co.; P/N 659-511) contains a 

10 

solenoid valve and a r e l i e f   va lve  t h a t  can be radiation  hardened 

t o  1 x l o l o  ergs/gm(C) by the  modif icat ions recommended in  Table 

6-10. The tank  pressurizat ion  control  module (Calmec Mg. Co.; 

P/N 622-513), which contains two f i l t e r s ,  a pressure  regulator ,  

and three  solenoid valves, can  be  radiation  hardened  to 1 x  10 

ergs/gm(C) by t h e  modifications recommended i n  Table 6-10. 

10 

6.3.4.10 Pneumatic System I n s t a l l a t i o n  

Although the  RNS design w i l l  most  probably  not  contain a 

system direct ly   analogous  to   the  l iquid oxygen and  hydrogen 

burner  pneumatic  system  installation (Dwg lB66405-501), many of 

the valve assemblies  might be incorporated  into t h e  design of t he  
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RNS pneumatic  system. 

Repressurization of t h e  propel lan t   t anks ,   p r ior   to  5-2 

engine restart, is a t t a ined  by passing  cold helium, from t h e  

helium spheres   in  t h e  LH2 tank,  through t h e  02/H2 burner. The 

heated  helium is  then  routed t o  t h e  propellant  tanks.  Should 

the  02/H2 burner fa i l ,  ambient repressurization  ensures  propel-  

lant   tank  pressure f o r  engine restart. The solenoid  actuated 

cold  helium  control valve (Calmec Mfg.  Co. ; P/N 548-515),  wbich 

is the  major component i n   t h i s  system,  can  be  radiation  hardened 

t o  1 x 10 ergs/gm(C) by t h e  modifications  described  in  Table 10 

6-10. A l l  supporting seals, gaskets,  and  check valves can  be 

hardened t o   t h i s  level by the  modifications  described  in  Table 

6-10 . 
6.3.4.11  Pneumatic Power I n s t a l l a t i o n  

The S-IVB pneumatic control  system, which controls   pressure 

t o  a l l  pneumatically  actuated valves i n  t h e  p r o p u l s i o n   f i l l ,  

vect, and  chil ldown  systems,  consists  of  three  basic  installations:  

1. The forward skirt and tunne l   i n s t a l l a t ion  (Dwg 
1B75000) 

2. The a f t  s k i r t   i n s t a l l a t i o n  (Dk-g 1B75003) 

3 .  The t h r u s t   s t r u c t u r e   i n s t a l l a t i o n  (Dwg 1B75804) 

The RNS pneumatic power system w i l l  be   qui te  similar and encom- 

pass many of t h e  same functions and  components. 
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6.3.4.11.1  Forward S k i r t  and  Tunnel I n s t a l l a t i o n  

Detai led  analysis  w e r e  performed f o r  a l l  components except 

the  %-in.  vent  port  check valve assembly (James, Pond, Clark, 

Inc.; P/N P36-673) which prevents  contamination by back  flow 

and  cryo-pumping  of d i r t  and  moisture  laden a i r  o r  gaseous 

nitrogen  into  the  system  during  periods  of ground  operation. 

The Specification  Contvol Drawing f o r  this check valve, Dwg 

1B67481, spec i f ies   s i l i cone   rubber  seals which  have a recommended 

radiation  tolerance  of 8 x 10  ergs/gm(C). The modifications 

recommended in  Table 6-10 increase t h e  recommended l i m i t   t o  

6 x 10 ergs/gm(C),  which  exceeds t h e  predicted  environment, 

3 x 10 ergs/gm(C). 

8 

9 

8 

6.3.4.11.2 Aft Skirt  I n s t a l l a t i o n  

Detailed  analyses were performed on a l l  components except 

the  disconnect  assembly  (Purolator Co.; P/N 1198004-02);  however, 

i t  i s  believed t h a t  i t  can  be  radiation  hardened  to  exposures 

greater   than 1 x l o l o  ergs/gm(C)  through material subs t i tu t ion .  

The primary component i n  t h i s  system, t h e  actuat ion  control  

module (Sterer Mfg.  Co.; P/N 31850-3), as w e l l  as the  supporting 

seals, gaskets,  valves, etc.   can be radiation  hardened  to ex- 

posures of 1 x lo lo  ergs/gm(C) by t h e  modifications  described 

in  Table 6-10. 
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6.3.4.11.3 Thrus t   S t ruc ture   Ins ta l la t ion  

The th rus t   s t ruc tu re   i n s t a l l a t ion   cons i s t s   o f   t he  helium 

f i l l  module  assembly (Fairchi ld  Hiller; P/N 64-820-04), an 

actuat ion  control  module (Sterer M,fg. Co.; P/N 31850-3), a 

pneumatic cont ro l  module  (Adel Mfg. Co.; P/N A-62390-531), a 

pneumatic cont ro l  valve assembly  (Adel Mfg. Co.; P/N 72552), 

and  miscellaneous valves, gaskets,  and seals. 

The helium f i l l  module  assembly contains a check valve, a 

solenoid  actuated dump valve,and a relief valve which can  be 

radiation  hardened, by the  modification  noted  in  Table 6-10, 

t o  exposures  of 1 x l o l o  ergs/gm(C).  Although many of t h e  gasket 

and seal materials conta ined   in   the   ac tua t ion   cont ro l  module, 

t he  pneumatic cont ro l  module,and t h e  cont ro l  valve assemblies 

could  not  be  identified,  t h e  subs t i tu t ion  materials recommended 

in   Table  6-10 w i l l  permit  usage of these components a t  nuclear 

exposures of up t o  1 x 10"~ ergs/gm(c). 

6.3.4.12  Burner I n s t a l l a t i o n  

The liquid  hydrogen-liquid oxygen burner  system (Dwg 

1B67212-501) w i l l  no t   be   requi red   for  t h e  RNS; however, many of 

t he  components con ta ined   i n   t h i s  system  might  be  incorporated 

in to   var ious  EWS systems.  Modifications  described  in  Table 

6-10 w i l l  be  required  for  hardening these components f o r  RNS 

appl icat ions . 



6.3.4.13 Liquid Hydrogen F i l l  System 

The RNS w i l l  r equi re  a l i qu id  hydrogen f i l l  system q u i t e  

similar t o   t h e  S-IVB system (1B74477-509). The  two major com- 

ponents, i.e., t h e  f i l l -and-drain valve (Fairchi ld  Hiller; P/N 

402000-2) and the  prevalve  (Snaptite,   Inc.;  P/N 527510) could 

not   be  analyzed  in   detai l  due t o  t h e  unavailability  of  vendor 

drawings . 
The Specification  Control Drawing for   the  prevalve,  Dwg 

lA49968, indicates  : 

1. The valve is  a nonnally open  pneumatic  operated 
shutoff valve which shuts   off   the   propel lant   f low 
from the  propellant  tank  during  chilldown  operation 
and also  during  an emergency. 

2. It consists  of a valve body, a bu t t e r f ly   ga t e ,  a 
pneumatic actuator ,   several   posi t ion  indicat ing 
switches , and a r e l i e f  valve. 

3.  The electr ical   connectors  have g la s s   i n se r t s .  

4. Teflon TFE insulated  wir ing conforming t o  Douglas 
Specif icat ion 7869679 is  used  between t h e  connector 
and t h e   i n t e r n a l   e l e c t r i c a l  components. 

Usage of polyimide  insulated  wiring  and  substitution of Kynar 

gaskets and seals f o r  t h e  synthetic  rubber components should 

r e s u l t   i n  a system radiation  hardened  to 1 x lo1' ergs/=((=). 

The Specification  Control Drawing f o r  t h e  f i l l -and-drain 

valve, Dwg lA48240, indicates:  

1. The valve assembly consists  of a valve body, two 
posit ion  indicator  switches,  a helium  pressure 
actuator ,  several shaft seals, and a check valve 
to   p revent  flow in to   the   vent   por t s .  
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The electr ical   connectors  have g l a s s   i n se r t s .  

Teflon TFE insulated  wir ing conforming t o  Douglas 
Specif icat ion 7869679 i s  used for   ac tua tor  and 
switch c i r c u i t s .  

Lubricants  and  sealants are dry  f i lm  types  in  
accordance w i t h  Douglas Specif icat ion 7696938. 

Kel-F seals and gaskets,   in  accordance w i t h  Speci- 
f i ca t ion  AMs-3650, are used  throughout t h e  valve 
assembly. 

Usage of  polyimide  insulated  wiring  and  replacement of t h e  

Kel-F seals and gaskets w i t h  Kynar should   resu l t   in  a valve 

assembly  capable of re l iab le   opera t ions  a t  dosages  of up t o  

1 x 10 ergs/gm(C). 
10 

The above  recommendations  coupled w i t h  those  described  in 

Table 6-10 should   resu l t   in  a l i q u i d  hydrogen f i l l  system  with 

a recommended tolerance of 1 x 1O1O ergs/gm(C). 

6.3.4.14 Switch I n s t a l l a t i o n  

The a f t  sec t ion   swi tch   ins ta l la t ion ,  Dwg 1B58001-507, employs 

many components  having poten t ia l   appl ica t ion   in   the  RNS. Detailed 

analyses were performed fo r  a l l  components except  the  following: 

Component Description P a r t  Number Manufacturer 

Switch 
Receptical  
Disconnect  assy 
Switch assy 

JEG-182 Microswitch 
22690-8-4P Deutsch Co . 
1265004-06 Purolator  Products 
72214-513 Hydra E lec t r i c  Co. 

The Specification  Control Drawing f o r   t h e   c a l i b r a t a b l e  

pressure switch assembly, 1B52623-515, ind ica tes   tha t  t h e  

e lec t r ica l   connec tor  i s  a Bendix  Corp. P/N PT06E-8-4S configuration 
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which has a s i l icone   rubber   inser t  The spec i f ica t ion   cont ro l  

drawing describing t h e  requirements  of t h e  switch spec i f i e s  

Teflon TFE insulated  wiring. Usage of polyimide  insulated w i r -  

ing,   ceramic  inser ts   in  t h e  e lectr ical   connectors  and recept ica ls ,  

Kynar gaskets and seals i n  t h e  disconnect  assembly,coupled wi th  

t h e  modifications recommended in   Table  6-10, increases  t h e  

recommended tolerance  of t h i s  switch i n s t a l l a t i o n   t o  1 x 10 10 

ergs /gm (C) 

6 3 -4.15  Oxidizer  Feed  Sys tern 

The RNS does not  have an  oxidizer  feed  system; however, 

many of t h e  components requi red   for   the  S-IVB oxidizer  feed 

system (Dwg lB68375-501),  e.g., t h e  f i l l -and-drain valve (Fair-  

ch i ld  Hiller; P/N 402000-2),  might  be  incorporated  into  the RNS 

propulsion  system. The modifications recommended for   rad ia t ion  

hardening these components are described  in  Table 6-10. 
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6.4 Engine  System 

6.4.1 Description  and  Location 

The 5-2 engine  system, which i s  the  primary  subsystem of 

the  S - I 1  and S-IVB propulsion  systems, i s  capable  of  multiple 

restarts. It is  a high-performance,  high-altitude  engine 

u t i l i z i n g   l i q u i d  hydrogen  and l i qu id  oxygen as propel lants .  

The engine  system  selected  for t h i s  analysis ,  which is  defined 

by North American Rockwell Drawing 103826-2035, i s  representa- 

t ive of  both S - I 1  and S - I V B  engine  assemblies.  Support  equip- 

ment and components unique t o  each  stage are discussed  in  

Sections 6.3 and 7.6. 

Although t h e  5-2 eng ine   i t s e l f  w i l l  n o t   b e   u t i l i z e d   i n  

t h e  RNS, many of t h e  materials, components , and  subsystems  con- 

t a ined   i n  t h e  5-2 engine  assembly  have  potential   application  in 

the  RNS. 

For  the  purposes  of  this  analysis,  t h e  predicted  nuclear  

environment fo r  each of t h e  major  subsystems  (Table  6-11) is 

assumed to   be  1 .5  x 10 ergs/gm(C). 9 

6.4.2 Summary 

Based upon analyses   presented  in   Sect ion 6.4.4, it is  

bel ieved  that  each  of  the  major components and  subsystems  of 

the  5-2 engine  assembly  can  be  radiation  hardened  to levels 

greater   than 1 x lo1' ergs/gm(C),  thus r e s u l t i n g   i n  subsystems 

t h a t  can  re l iably  funct ion a t  exposures  greater  than t h e  
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predicted  exposure  of 1.5 x lo9  ergs/gm(C).  Table  6-11  summarizes 

the  predicted  nuclear  environment  and t h e  recommended r a d i a t i o n  

tolerance  of   both t h e  bas i c ,  i .e. as designed,  system  and  the 

modified  configuration  of  each  subsystem. 

6.4.3  System Breakdown and Recommended Modifications 

Drawings,   specif icat ions,   and  par ts  l i s ts  were examined t o  

de te rmine   rad ia t ion   sens i t ive  materials whose performance  charac- 

teristics might   degrade   due   to   the   in f luence   o f   rad ia t ion .  

Table 6-12 summarizes t h e s e  materials, descr ibes  t h e i r  appl ica-  

t ions,   and  presents  for  comparative  purposes  the recommended 

tolerance  and  predicted  nuclear   environment .  The recommended 

modifications  and  the  result ing  improvements are desc r ibed   i n  

Table 6-13. 

6.4.4 Radiation  Hardening  Analysis 

6 - 4 . 4 . 1  Thrust Chamber and  Gimbal I n s t a l l a t i o n  

The 5-2 engine   th rus t  chamber  and  gimbal i n s t a l l a t i o n  (Dwg 

206276) w i l l  n o t   b e   u t i l i z e d   i n   t h e  RNS. However, some of   the  

components  might  be  incorporated  into RNS systems.  Since some 

leakage  of  gases from t h e  t h r u s t  chamber  can  be  tolerated,  

most of t h e  organic  seals are not   considered c r i t i ca l  t o  t h e  

engine  performance. Metal seals and  gaskets  should  be  used 

wherever  possible;   however,   the  modifications recommended i n  

Table 6-13 s h o u l d   r e s u l t   i n  a sys tem  tha t   can   re l iab ly   opera te  

a t  nuclear   exposures   greater   than 1 x 10" ergs/gm(C). 
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Subsystem 

Thrust chamber 

Start system 

Gas generator 

Propellant feed 

Flight  instru- 
mentation 

Customer connec- 
t ions 

Control  system 

Table 6-11 
RADIATION HARDENING SUMMARY - 5-2 ENGINE  SYSTEM 

Drawing 
N m b e  r 

206276 

303927 

303926 

406651 

702527 

103850 

404665 

1.5~10 

1.5~10 

9 

9 

1.5~10 

1.5~10 

9 

9 

1.5~10 9 

1.5~10 9 

As Designed 

lx10~0 

1xlO8 

1 ~ 1 0 ~  

1x108 

7x106 

1 ~ 1 0 ~  

7x10 6 

As Modified 

Not required 

1x10 10 

lXlO1O 

l X l O Z 0  

1x10 10 

2x10 10 

1x10 10 

Remarks 



! 

Table 6-12 

RADIATION SENSITIVE COMPONENTS - 5-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Pnrt  Number 

206276 
404659 
404669 
NA5-260053 
206280-11 
651388 
4420 
206606-21 
404638-3 
404656-87 
404659 

404656 
303927 

MS28778 
309020-11 

MS29513 
303472 
303473 
303474 

404657-5 
308946 

RD262-4006 
553372-11 

404659 

MS29512 
557756 

404630 
406119 
553842 

MS33682 
NA5-27291 

" 

" 

404657-15 
404673-33 
407909 
307599-41 
309050 
308935 

MS29513 
303474 
304378 

401204 
304381 

304398 
309299-3 

MS29512 
557998-41 

558301-21 

304386-21 

Subsystem 

hrus t  Chamber C 

t n r t  System 

Component 

Lmbal Ins t l  
?ace  conted  seal 
'ace coated  seal  
Boot 
Ign i t e r  Assy 

Ign i t e r  
Tape. insu la t ion  

Thrust Chamber 

Face conted s e a l  
Fnce coated s e a l  

Fnce coated s e a l  

Face conted  seal  
Valve  Assy 

Packing 

Lipseal 
Packing 

Lipsea l  

Fnce coated  fieal 
Lipseal 

Face  coated  seal 
Valve. vent 

Face  coated  seal  
O-ring 

Valve  Assy 
Gasket 
Fnce coated  seal  
Seal 
Seal 
Pressure  Switch 

Connector 
Inse r t  
End plug 

Face  coated  seal 

Face  coated  seal  
Face  coated  seal  

Manifold  Assy 
Valve - 

Poppet seal 
Valve AS& 

Packing 
Lipseal 
Sleeve 
Sea l  
Face  coated  seal  
Gasket 
Lipsea l  

Valve Assy 
Packing 
Valve - 

Material  

Peflon TFE conted 
Peflon TFE coated 
synthetic  rubber 

" 

" 

" 

Rubber 

Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

" 

Teflon TFE coated 

Synthetic  rubber 
Synthetic  rubber 
Kel-F 
Kel-F 
Kel-F 
Teflon TFE coated 
Teflon TFE coated 

Viton A 
Teflon TFE coated 

Synthetic  rubber 
Teflon TFE coated 
Teflon FEP 
Teflon FEP 

" 

" 

" 

" 

" 

" 

Silicone  rubber 
Nylon 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

" 

Teflon FEP 

Synthetic  rubber 
Kel-F 

" 

" 

Teflon  TFE/glass 
N /I? ~ . .. 
Teflon TFE coated 

N / R  
NIR 

Synthetic  rubber 
" 

l- 
Gamma En 

(ergs/  
red ic ted  

1. 5x109 

1 . 5 ~ 1 0 ~  

1.1  

1. 

ronment 
03 1 
3lernnce 

L X l O ~ O  
(1x108) 
(1x108) 
(2x109) 
1 x1010 
1 x1010 
lxl010 

(1x108) 
(1x108) 
(1x108) 

1x108 
1x108 
1x108 
( 1x109) 

1x109 
1x109 
1x108 
1x108 

(1x108) 

k 

(6x189) 
1x10 

6x10' 
6x109 

7x108 
( 6 ~ 1 0 ~ )  

7x10 
7x108 

( 1 X 1 p  

1x109 
1x109 
1x109 

( ixio8) 
( 3x109) 

(1x1g8) 
1x10 
7x108 
7x108 
7 ~ 1 0 ~  
1x108 
( 6 ~ 1 8 ~ )  
1x10 
(lXlOl0 
N I R  
1x108 

N P  
( N h J  
1x108 
1x108 
( 6x109) 

Spec i f i ca t ion   o r  Vendor 

Mater ia l   not   specif ied (assumed s i l i cone )  

P/N 4420; Conn. Hard Rubber Co. 

MIL-G-5510 
MIL-P-5315 

MIL-P-5315 

RB0130-007 

MIL-C-5015 

RB0130-007 

MIL-P-5315 

Rulon 

MIL-P-5315 



Par t  Number 

638-2-3-TO-20: 
558312-21 

" 

558308 
558311 

406119 
410870 
553842 
307570-11 

MS33680-3 
NA5-27215 

404656 
404657-5 
404659 
404666-7 
404673 

MS28778 
MS29513 
303472 

404657-5 
303474 

RD262-4006 
553372 

557998 
MS29512 

410870 
406119 

553842 
558301-21 

558312-21 
638-2-3-TC-203 

558308 
558311 

" 

" 

306875 

" 

" 

409940 
303926 

MS29512 
405916 

404579 
&OS827 

553364 
553153 

405913 
13-1806 

405922 
408012 

" 

Subsystem 

as  Generator 

Table 6-12 (cont'd) 

RADIATION  SENSITIVE  CIX-!POXENTS - 5-2 ENGINE SYSTEM (103826; EKGINE 2035) 

Component 

Face  coated  seal  
Solenoid  assy 

Sleevine 
Receptarle 
Coil  - 

Wire, e lec .  

Face  coated  seal  
Sea l  

Sea l  

Transducer 
i t a r t  System 

Receptacle 
Packing 

Face  coated  seal  
Face  coated seal 

Face  coated  seal  
Face  coated  seal  

Face  coated  seal  
Valve  Assy 

Packing 
Packing 
Lipsea l  
Lipsea l  
Face  coated seal 
Valve - 

O-ring 
Valve  Package 

Packing 
Sea l  
Face  coated  seal  
Sea l  
Valve ~ s s y  

Solenoid 
Sea l  

Sleeving 
Receptacle 
Coi l  
I_ 

Wire,  elec 

'alve Assy 

Sea l  
Packing 

Sea l  
Sea l  
Valve,  Relief 

Sea l  
Sea l  

Res is tor  Assy 
Spacer 

Pot t ing  

Poppet s e a l  

Mater ia l  

Teflon TFE coated 

N/R 
N /R 

Teflon TFE insu l .  
Teflon FEP 

Teflon FEP 
Teflon TFE coated 

" 

" 

" 

" 

" 

Synthetic  rubber 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

Synthetic  rubber 

Kel-F 
Synthetic  rubber 

Kel-F 
Teflon TFE coated 

Viton A 

Synthetic  rubber 
Teflon FEP 
Teflon TFE coated 
Teflon FEP 

Teflon TFE coated 

N/R 

" 

" 

" 

" 

N/A " 

Teflon TFE insu l .  

" 

" 

Synthetic  rubber 
Mylar 
Mylar 
Mylar 

Viton A 
N /R 
#y lar  
Asbestoslrubber 

Si l icone  rubber  

" 

" 

Appli- 
Cr i t ics  

ca t ion  

T 
Gamma E 

(ergs 
Predicte 

1.1 ixl 

1. 5x109 

1 . 5 ~ 1 0 ~  

1.5 

i r o m e n t  
m(C)> 
rolerancc 

1x108 
1x108 
(N/R) 

1x108 
1x108 

(1x108) 

1x108 
lX109 
lX109 
~ 0 9  
(1x108) 
(1x108) 

(1x108) 
(1x108) 

1x109 
(1x108) 

(lX109) 

lX109 
(1x108) 

1x108 

N /R 

7x108 

7x108 

(6x189) 
1x10 

6x109 
6x109 

(6x119) 

( l x l p  
7x10 

7x10 
1x108 
1x108 
1x108 

N /A 
(N/R) 

1x108 
1x108 

~ 0 9  
~ 0 9  

6x109 
(6x109) 

6x109 
6x109 
6x109 
6x109 
N/R 
6x10' 
( 3 ~ 1 0 ~ ~ )  
1x109 
( ~ ~ 1 0 9 )  

T Speci f ica t ion  or  Vendor 

PIN  638-2-3-TC-2030V; Advanced Prod. 

RB0150-009 

RB0130-007 

AMs-3209 

MIL-G-5510 
MIL-P-5315 

RB0130-007 

P/N 638-2-3-TC-2030V; Advanced Prod. 

RB0150-009 

MIL-P-5315 

RB0130-039 
MIL-A-17472A 

RAO106-035 

P/N 13-1806;  Hydrodyne 



Part Number 

US-27285 
" 

to6651 
t58175-61 
iR-10105-253A1 
tD262-4006 
11-1473 
11-1730 
1100-35-0101 
io4664 

3500-3-3-TC 
$10864 
b56260 
't56289 
308880 

308412 

308414 
308424 
NA5-27286T18 

308409 

" 

" 

" 

" 

" 

NA5-10577-068 
404656 
459000-101 
NA5-260070 
456183 
406348 
303862 
NA5-27328 
NA5-27286T1 

404664 

AR-105CO-2318 
0500-3-3-TC 

457440 
309040 
bE28778 
MS29513 

" 

" 

NA5-27307 
" 

" 

302557 

Subsys tern 

ropellant Feed 

.M 

Component 

Resistor Switch 
Wire, elec.  

urbopume 
Sea l  
Packing 
Sea l  
Sen1 
Sea l  
Sea l  Assy 

Face  conted  seal 
O-ring 

Face  coated  seal. 
Gasket 
Grommet 

'alve assy 
Pot t ing  

Seal 
Insu la tor  

Poppet A S S Y  

Ring 
Receptacle 

Inse r t  
Ring 
Wire, e lec .  
Sleeve 

;pacer 
'ace  coated se :a1 
:urbooumo  AS6y 

Sea l  
Gasket 
Face  coated  seal  
Face  coated  seal  
Transducer 

Receptacle 
Inserr, 

Sea l  ~ s s y  
Face  coated  seal  

Face  coated  seal  
O-ring 

Spacer/seal 
Valve  Assy 

Packing 

Potentiometer 
Packing 

Wire, e lec .  
Connector 

I n s e r t '  
End plug 

Gasket 

Material 

Teflon FEP insu l .  
" 

" 

" 

Teflon TFE 
Viton A 
N/R 
N/R 
N/R 

" 

Teflon TFE coated 
Teflon TFE coated 

Teflon TFE coated 
Mylar 
Sil icone  rubber 

Sil icone  rubber 

Teflon FEP 
Kel-F 
Kel-F 

Si l icone  rubber  
Kel-F 
Teflon FEP insu l .  

" 

" 

N/R 
N / R  
Teflon TFE coated 

Epoxy resin  coated 
Asbestos/rubber 
Teflon TFE coated 
Teflon TFE coated 

" 

" 

Silicone  rubber 

Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

Synthetic  rubber 
Synthetic  rubber 

Teflon TFE insu l .  

Nylon 
Si l icone  rubber  

Kel-F 

" 

" 

" 

" 

" 

Gamma Er 
(ergs, 

redicted 

1 . 5 ~ 1 0 ~  
1. 5x109 

IV i 

1 . 5  

1. 

ronment 
(C)) 
olerance 

1x109 
1x109 
7x106 
7x106 
7x106 
6x109 
N/R 
N/R 
N/R 
1x108 

1x108 

(2x109) 

(2x109) 

(2x109) 
(lX109) 
1x109 
1x109 
(1x18~) 

(N/R) 
(WR) 
(1x108) 
1x108 
2x1010 
(5x109) 
(1x108) 
(bc 108) 
1x109 
1x109 
1x109 
1x108 

1x108 
(1x108) 

(1x108) 

1x109 

1x108 
1x108 
1%109 
1x109 

(1x109) 

(1x1p 
1x10 

( 6 ~ 1 0 ~ )  

7x108 

7x108 
7x108 

1x10 

( 1 X 1 p  
1x10 

6x109 

( 3x109) 

Spec i f i ca t ion   o r  Vendor 

~~ ~ 

MIL-W-16878/4 

P/N AR-10105-253AlM; Aeroquip  Corp. 

P/N 11-1730; Hydrodyne 
P/N 11-1473; Hydrodyne 

P/N 1100-35-0101; Hydrodyne 

P/N 0500-3-3-TC; Advanced Prod. 

AMs-3302 

RB0120-005; Type V 

RB0130-007 

RB0130-009 

RB0130-009 
MIL-W-1687814 
RB0150-009 

P/N C33223; Sealol  Inc.  
MIL-A-7021; Class 1 

P/N 0500-3-3-TC; Advanced Prod. 

MIL-G-5510 
MIL-P-5315 

MIL-C-5015 

RB0130-005 



P a r t  Number 

553372 
RD262-4006 
404657-9 

MS3106 
NA5-27323T3 

MS28900 

MS29512 
251351 

408767 
459719-3 
459760-5 
553364 
553153 
NA5-26726T4 

" 

251401 
251373 
409969 
407089 
MS29512 
MS29513 
404561 
553364 

404562 
553153 

405817 
NA5-27285 

NA5-27286 

" 

" 

" 

405818 
NA5-27285 

404576 
406707 
404658-3 
405827 
407408 
407406 
404673 
404657 
404700 
404659 
404675 
404666 
459709 
459767 
459765 

" 

" 

Subsystem 

- 

" 

u 

v 

E 

E 
E 

E 
E 
E 
E 
E 
E 

- 

Table 6-12 (cont'd) 

RADIATION  SENSITIVE  COXPONENTS - 3-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

- Valve 
O-ring 

Face  coated seal 
Transducer 

Receptacle 
Packing 

ralve  Assy 
Packing 
Face  coated  seal  
Face  coated seal 
Face  coated seal 
Valve 

Actuator 

- 
Poppet seal 

Servo-motor 

Sea l  
Potentiometer 

Sea l  
ralve  Assy 

Sea l  
Gasket 

Sea l  
Packing 

Valve - 
Poppet s e a l  

Spacer 
Pos i t ion   Ind ica tor  

Switch 
Wire. e lec .  

Receptacle 

Pot t ing  
I n s e r t  

L ipsea l  
Switch Assy 

Wire 

Lipsea l  
Sea l  

Face  coated  seal  

L ipsea l  
Lipseal 

Lipsea l  
'ace  coated  seal  
:ace  coated  seal 
'ace  coated seal 
'ace  coated  seal  
'ace  coated seal 
race coated seal 
'ace  coated  seal  
'ace  coated  seal  
:ace coated seal 

Mater ia l  

~ ~~ 

" 

Viton A 
Teflon TFE coated 

" 

" 

Synthetic  rubber 

Synthetic  rubber 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

Viton A 

" 

" 

" 

N/A 
N /A 
Mylar 
Teflon FEP 

Kel-F 
Synthetic  rubber 
Synthetic  rubber 
Mylar 

Viton A 
Asbestos/Teflon 

" 

" 

" 

Teflon FEP insu l .  

Si l icone  rubber  
Si l icone  rubber  
Mylar 

Teflon FEP insu l .  
Mylar 
Mylar 
Teflon TFE coated 
Mylar 
Kel-F 
Mylar 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

Teflon TFE coated 
Teflon TFE coated 

Teflon TFE coated 
Teflon TFE coated 

" 

" 

T 

~ 

1 .5~109  

1.1 109 

1 

ironment 

Colerance 
Spec i f ica t ion  o r  Vendor 

6x109 
6x109 
(1x108) 
1x109 
~ 0 9  
1x109 

(1x108) 
(1x108) 
(1x108) 

7x108 
6x109 

6x109 
6x109 
7x108 

N /A 
N /A 
6x109 
7x108 
1x109 
1x109 
(6x18') 
6x10 
6x109 
6x109 
6x109 
(1x1010) 
~ 0 9  

1~109  
1x109 
1x109 
~ 0 9  
(2x109) 
( 6 ~ 1 8 ~ )  
1x10 
1x109 
6x109 
6x109 

6x10 

6x109 

(1x188) 

1x109 
(1x108) 
(1x108) 
(1x108) 
(1x108) 
(1x108) 
(1x108) 
(1x108) 
(1x108) 
(1x108) 

"3209 

MIL-P-5315 

Not spec i f i ed  
Not spec i f i ed  

RB0130-007 

MIL-P-5315 
RB0130-005 

MIL-P-5315 

RB0130-064 

MIL-W-16878/4 

RA0106-035 

MIL-W-16878/4 

RB0130-039 

1 



Par t  Number 

509031 
508739 
" 

U5-27286 

308737 
308736 

309029 
309036 
308737 
308739 

" 

" 

$11619-21 

" 

NA5-27286 

US28778 
553373 
RD262-4006 
558127-11 
556973 
555782 
553372 
RD262-4006 
MS28778 
MS29513 
555781 
556962 

556973 

MS28778 
555782 

MS29513 
555781 
556962 
553948 
146005 (typ) 
503110 (typ) 

NA527321 
702527 

404666-7 
408795 
404659 

" 

" 

557817-11 

" 

Subsys tem 

Flight  Instrumen 

Table 6-12 (cont'd) 

RADIATION  SENSITIVE  COMPONENTS - 5-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

ralve  Amy 
Switch amy 

Wire, eler. 
Sleeve 
Pot t ing  
Receptacle 

Inse r t  
In su la to r  
Insu la tor  

Jalve Assy 
Valve 

Sleeve 
Potting 
Receptacle 

I n s e r t  
Packing 
Valve Assy 

O-ring 
Valve Assy 

Back-up r ing  
Sea l  
Valve 

Packing 
Packing 
Sea l  
Diaphragm 

Valve  Assy 

Sea l  
Backup r ing  

Packing 
Packing 
Sea l  
Diaphragm 
Ring, r e t a ine r  

- 
O-ring 

Insu la t ion  
Insu la t ion  

- 
Transducer 
t ion 

Insu la tor  
Face  coated seal 
Face  coated seal 
Face  coated seal 

Material  

Teflon FEP insu l .  
" 

N/R 
Sil icone  rubber 

Sil icone  rubber 
Epoxy laminate 
Epoxy laminate 

N f R  

Epoxy laminate 

Teflon FEP insu l .  

" 

" 

" 

NIR 
Silicone  rubber 

Si l icone  rubber  
Synthetic  rubber 

Viton A 

Mylar 
Kel-F 

Viton A 
Synthetic  rubber 

Kel-F 
Synthetic  rubber 

Mylar 

Mylar 
Kel-F 
Synthetic  rubber 

Kel-F 
Synthetic  rubber 

Mylar 

Polyurethane foam 
Si l icone  foam 

" 

" 

" 

" 

NIR 

Cotton  phenolic 
Teflon TFE coated 
Teflon TFE coated 
Teflon TFE coated 

" 

1 . 5  

1.1 

Gamma Er 
(ergs, 

redictcd 

~ 0 9  

1. 5x109 

1. 5x109 

roment  

olerance 
(C) 1 

1x109 
1x109 
1x109 

1x10 
1x109 
(2x1010) 
(2x1010) 

1x109 

1x109 
(NIR) 
(2x109) 
1x109 

w 0 9  
1x109 

~ 0 9  
(1x1010) 
1x109 

1~109 

1x109 
1x109 

1x109 

1x109 

N f R  
N f R  

(2x1p 
1x10 

6x109 
6x109 

6x109 
6x109 

6x10' 

6x109 

( l x l p :  
1x10 

6x109 

6x10' 
(NfR) 
(5x10;) 
(2x10 1 
1x108 

(1x108) 

(1x108) 
(1x108) 

* 
3x109 

r Speci f ica t ion  or Vendor 

MIL-W-1687814 
RB0150-009 
RAO106-035 

MIL-P-18177; Type GEE 
MIL-P-18177; Type GEE 

MIL-P-18177; Type GEE 

MIL-W-16878f4 
RB0150-009 
RAO106-035 

MIL-G-5510 

RB0130-009 

MIL-G-5510 
MIL-P-5315 

MIL-G-5510 
MIL-P-5315 

RBO130-068 

MIL-P-15035; Type FESM 



Par t  Number 

~~ 

NA5-27215T-X 
MS33680-3 

121238-3 
19-501745 
19-501743 
702626 

NA5-27316T2 

NA5-27286 

" 

" 

" 

" 

NU-27323T3 
703953 

MS3106 
MS28900 
704121 

" 

" 

" 

RD414-1009 
MS28900 

" 

" 

W14-1010 
" 

" 

PA534-30 
704120 

" 

" 

RD414-1011 
" 

" 

" 

704114 (typ) 
" 

" 

501727-41 
RD414-1009 
MS28900 

" 

" 

RD414-1011 
" 

" 

" 

" 

Subsystem 

Table 6-12 (cont'd) 

RADIATION SENSITIVE COMPONENTS - 3-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

Boot 

Wiring  Harness 
Boot 

Wire, elec.  
Transducer 

Receptacle 
Pot t ing  

I n s e r t  
Spacer 
Transducer 

Receptacle 

Cable, Jumper 
I n s e r t  

Cable,  jacket 
Wire, elec.  
Pot t ing  
Connector 

O-ring 

End plug 
I n s e r t  

Connector 
Inse r t  
End plug 

Transducer 
Cable, Jumper 

Cable,  jacket 
Wire , elec. 
Pot t ing  
Connector 

End plug 
Inse r t  

Harness  Assy 

Wire , e lec .  
Cable , j acke t  

Insu la t ion  
Plug Assy 

Connector 
0-rinR 

End plug 
I n s e r t  

Connector 
I n s e r t  
End plug 

Tubing 

Material 

" 

Synthetic  rubber 
Teflon TFE coated 
Si l icone  rubber  
Si l icone  rubber  

Teflon FEP insu l .  

" 

" 

N/R 
" 

Sil icone  rubber  
Cotton  phenolic 

" 

" 

Synthetic  rubber 

Teflon TFE insu l .  
Teflon TFE insu l .  
Epoxy, si l ica fillec 

Si l icone  rubber  
Synthetic  rubber 

Nylon 

Si l icone  rubber  
Nylon 

" 

" 

" 

" 

N/R 

Teflon TFE insu l .  
Teflon TFE insu l .  
Epoxy, si l ica f i l l e t  

Si l icone  rubber  
Nylon 

Teflon FEP 
Teflon TFE insu l .  
Mylar f i lm 

" 

" 

" 

" 

Synthetic  rubber 
Si l icone  rubber  
Nylon 

Si l icone  rubber  
Nylon 
Silicone  rubber 

" 

" 

-r 
Gamma E 

(ergs 
? red ic t e  

1.5 

1.5 

ixl 

X I  

i ronment 
n(c) 1 
rolerancl 

lX109 
lX109 
lX109 
1x108 
(zX1o9) 
(2x109) 
1x109 
1x109 
lX109 

lX109 

lX109 
lX109 
lX109 
1x108 

1x109 
(2x1010; 

(1x109) 
1x109 

1x10 
lX109 
( 3 ~ 1 0 ~ )  
N/R 

4x108 ) 
1x108 

1x108 

1x109 
0 ~ 1 0 9  
1x108 
(1~1%~) 

1 x 1 0 ~ 0  
lX109 
lX109 

(N/R& 
1x10 

(3x109) 

( l x l f )  
1x10 

(3x189) 

1x10 
( 2 X l p  

1x10 

(1x189) 
1x10 
( 3 ~ 1 0 ~ )  

( 3x109) 

lX109 
lX109 

( ~ ~ 1 0 9 )  

T 
Spec i f t ca t ion   o r  Vendor 

AMs-3209 
PIN 121238-3; Technical   Industr ies  

MIL-W-16878/4 

Unspecified 

MIL-P-15035; Type FEM 

AMs-3209 

AB0$50-007-22-3; Type I1 
RB0150-028 
RAO106-004 

AMs-3209 

MIL-C-5015 

P/N PA 534-30; Statham  Instruments 

AB0150-007 
RBO150-028 

MIL-C-5015 
RAO106-004 

RB0150-015 (RB0150-029) 
RB0150-019 
MIL-1-631; Type G 

AMs-3209 

MIL-C-5015 



Par t  Number 

704124 
704124-xx 

" 

" 

501740-131 
" 

" 

" 

19-704550-2 
19-704549 
501727-41 ( t n  
RD414-1009 
MS28900 

" 

701696 
" 

MS310OElOSL-3I 
" 

" 

" 

P2650 
10-40861-3 
10-60712-4 

404657 
103850 

404700 
MS20777 
MS28778 
404673 
404659 
19-501743 
19-501745 

404665 
556101 

NA5-27273 
556948 

511052-250 
2012 
404655-3 
404659 

" 

" 

~ 

Subsys tan 

lustomer  Connectl 

:ontrol System 

Table 6-12 (cont'd) 

RADIATION SENSITIVE COMPONENTS - 5-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

larness Assy 
Tubing 
Cable,  jacket 
Wire, elec.  
Insulat ion,   e lec .  
Receptacle 

Inse r t  

Tubing 
Molding 
Plug Assy 

End plug 

connector 
O-ring 
Inse r t  
End plug 

lensor Assy 
Receptacle 

Inse r t  
End plug 

Tubing 
Tape 
Grommet 
Grommet 

!E 
race coated  seal  
pace coated  seal  
3ackup r ing  
?acking 
lace  coated  seal  
race  coated  seal 
300t 
300t 

Seal Assy 
Adhesive 

Xegulator Assy 
Valve 

Seal ,   p is ton 

Face  coated  seal  
Packing 

Face  coated seal 

- 
Wire, elec. 

Material  

Silicone  rubber 
Ceflon FEP 
Peflon TFE insu l .  
4ylar  film 

Silicone  rubber 
Nylon 
Silicone  rubber 
Silicone  rubber 

" 

" 

" 

Synthetic  rubber 
Silicone  rubber 
Nylon 

" 

Silicone  rubber 
Nylon 
Teflon TFE 
Si l icone  rubber  
Neoprene 
Neoprene 

" 

" 

Teflon TFE coated 
Teflon TFE coated 

Leather 
Synthetic  rubber 
Teflon TFE coated 
Teflon TFE coated 
Si l icone  rubber  
Sil icone  rubber 

" 

" 

Silicone  rubber  bas 

" 

" 

Polyimide  film  insu 
Teflon TFE 
Asbestos/Teflon 
Teflon TFE coated 
Teflon TFE coated 

Appli- 
Crit ico: 

ca t ion  

Gamma  Er 
(ergs, 

redicted 

1.5 

1.5 

x1 

ixl 

1 . 5 ~ 1 0 ~  

tronment 
dC) )  
lolerancc 

l- Spec i f i ca t ion   o r  Vendor 

RB0150-015 
RB0150-019 
MIL-1-631; Type G 
RD414-1010 (le88 sleeve) 

RB0130-065 
RB0130-065 

AMs-3209 

MIL-C-5015 

MIL-1-22129 

PIN 10-40861-3; Bendix Corp. 
PIN 10-60712-4; Bendix Corp. 

MIL-R-5521 
MIL-G-5510 

RTV-112; General   Electr ic  

MIL-W-583; Class 220 M 
P/N S11052-250; W. S.Shamban  Co. 
P/N 2012;  Johns  Manville Co. 



i 
I 
i 

i 

I 
I 
I 

j 
I 
I 

I 
! 

Q\ 
I 

U 
U 

P a r t  Number 

553364 
553153 

RD262-4006 
553372 

553375 
RD262-4006 
553842 
554018 
554019 

554867 
554863 

554868 
554927 
555797 
556501 
404673 
MS28778 
RD262-4006 
404657 
404666 
404658 
404659 
19-501750 

MS33682 
" 

" -- 
4420 
651387 

121314-2 
459724 
MS28778 

19-501743 
12100CR-X 

19-501745 

RD421-5001 
459709 

408767 
209741 
503109 
MS29513 
501744 

RD414-1010 
" 

Subsystem 

Table 6-12 (cont'd) 

RADIATION  SENSITIVE  COXPONENTS - 5-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

Valve A.;sy 

Valve Assy 
Poppet seal 

O-ring 

Sea l  
Poppet 
Guide 
Sea l  
Diaphragm 
Diaphragm assy 
Diaphragm 
Diaphragm 
Diaphragm 

race coated s e d  
lacking 
b r i n g  
:ace  coated seal 
'ace  coated seal 
'ace coated seal 
'ace coated seal 
'robe 

I n s e r t  
Connector 

I n s e r t  
End plug 

Tape in su la t ion  
$ark   Ign i te r  

'ace  coated seal 
'ace  coated seal 
Backing 
'ace  coated seal 
loot 
loot 
'ace  coated seal 
:nsulator,   thermal 
ace  coated seal 
:nsulator,   thermal 
:nsulator,  thermal 
lacking 
Leceptacle 

Wire. e lec .  
Conn'ector 

Mater ia l  

Viton A 

Viton A 

Viton A 

" 

Teflon FEP 
N/R 
N /R 
Nylon 
Mylar 
Mylar 
Mylar 
Mylar 
Mylar 
Teflon TFE coated 
Synthetic  rubber 
Viton A 

Teflon TFE coated 
Teflon TFE coated 

Teflon TEE coated 
Teflon TFE coated 

Si l icone  rubber  

Si l icone  rubber  
Nylon 

Rubber 

Teflon TFE coated 
Teflon TFE coated 
Synthetic  rubber 

Si l icone  rubber  
Teflon TFE coated 

Si l icone  rubber  
Teflon TFE coated 
Si l icone  rubber  
Teflon TFE coated 
Si l icone  rubber  
Si l icone  rubber  
Synthetic  rubber 

Teflon FEP insu l .  

" 

" 

" 

" 

" 

Appli- 
Crit ical  

ca t ion  

Gamma El 
(ergs,  

?redictec 

1.: 

1 . 9  

;X: 

ixl 

ironment 

Colerancs 
m(c) 1 T 
6x10' 
6x10' 
6x109 

6x109 
6x109 

6x109 
7x108 
N/R 
N/R 
5x108 
6x10' 
6x109 
6x1099 
6x10 
6x10' 
(1x108) 
lX109 

(1x108) 
(1x108) 
(1x108) 
(1x108) 
1x109 
lX109 
1.~109 
lX109 
(3x10') 
lxl010 
1 x 1 0 ~ 0  

1x108 
(1x108) 
(lX109) 
1x108 
(2x109) 
(2x109) 

(2x109) 
(1x108) 

(1x108) 
(2x109) 
(2x109) 

1x109 
~ 0 9  
1x109 

6x109 

( 6 ~ 1 0 ~ )  

Spec i f i ca t ion   o r  Vendor 

MIL-1-17091; Type I 

MIL-G-5510 

MIL-C-5015 

P/N 4420; Conn. Hard Rubber Co. 

P/N 121314-2; Technical  IndustrieG 

MIL-G-5510 
P/N 12100CR-x; Technica l   Indus t r ies  

RB0130-068 
RB0130-068 
MIL-P-5315 

MIL-W-16878/4 
MIL-C-5015 



I 
m 
I 

I 

Part Number 

" 

" 

500750 
19-501750 

MS33682 
" 

" 

" 

553364 
553153 
553372 
RD262-4006 
RD284-1001 
AN6227 
47A1562 

MS29513 
558272 

AN6227 
502951 
502951-xxx 

" 

" 

RD262-4006 
404673 
408776 
501727-41 (typ 
RDk14-1009 
MS28900 

" 

" 

558126-11 
" 

MS28778 
MS29513 
553364 
553153 
555781 

557191 
556962 

557213 

MS28778 
556947-31 

"27273 

S11052-250 

404655 
2012 

4M659 
553364 

" 

Subsystem 

Table 6-12 (cont'd) 

RADIATION SENSITIVE COMPONENTS - 5-2 ENGINE SYSTEM (103826; ENGINE 2035) 

Component 

Inse r t  
End plug 

'robe  Amy 
Probe 
7 

Inse r t  

ralve Assy 

rnlve  Assy 
Poppet seal 

ralve Asay 
O-ring 

Packing 
O-ring 

lalve  Amy 
Packing 

Siring  Harness 
Packing 

Tubing 
Wire, e l ec ,  
Cable  Jacket 

O-ring 
Insu la t ion  

Face  coated  seal  
Face  coated  seal  

End plug 

Plug Assy 
Connector 

O-ring 

End plug 
I n s e r t  

Jalve  Assy 
Packing 
Packing 
Valve,  Relief 

Sea l  

Sea l  
Diaphram 

Regulator Assy 
Backup r i n g  

Valve 
Packing 

Sea l ,   p i s ton  
Packing 
Face  coated seal 
Face  coated seal 
Valve,  Relief 

Poppet s e a l  

- 
Wire, elec. 

Material 

~~ 

Silicone  rubber 
%ylon 

" 

" 

Silicone  tubber 

Sil icone  rubber 
Nylon 

Viton A 

Viton A 

N/R 
N/R 

N/R 
Synthetic  rubber 

Teflon TFE insu l .  
Sil icone  rubber 

Teflon FEP 
Mylar fi lm 
Viton A 
Teflon TFE coated 
Teflon TFE coated 

" 

" 

" 

" 

" 

" 

" 

Sil icone  rubber  
Synthetic  rubber 

Nylon 

Synthetic  rubber 
Synthetic  rubber 

" 

" 

Mylar 
Kel-F 
Mylar 

Mylar 
Kel-F 

Synthetic  rubber 

Polyimide  film insd 

AsbestoslTeflon 
Teflon TFE 

Teflon TFE coated 
Teflon TFE coated 

" 

" 

" 

Criticaj 

ca t ion  
Appli- 

r 

1.1 .09 

Lronment 
Spec i f i ca t ion   o r  Vendor 

MIL-C-5015 

MIL-P-5316 

MIL-P-5315 
MIL-P-5316 

RB0150-019 
RB0150-015 
MIL-1-631; Type G 

AMs-3209 

MIL-G-5510 
MIL-P-5315 

MIL-G-5510 

MIL-W-583; Class 220 M 
P/N 511052-250; W. S. Shamban CO. 
P/N 2012;  Johns  Manville Co. 



P a r t  Number 

553372 
553153 

RD262-4006 

RD262-4006 
553375 

553842 

554019 
554863 

554868 
554867 

554927 

555797 
556501 
558069 

502670 
558065 

AN809-1 
RD284-1001 

47A1562 
AN6227 

MS29512 

502274 

55401a 

~ ~ 3 5 4 8 9  

" 

" 

NA5-27383 

MS3367B 
MS29513 

" 

502699 

19-502958 

MS29513 
MS9021 

502692 

" 

" 

sola54 

" 

" 

" 

" 

Subsystem 

Table 6-12 (cont'd) 

RADIATION  SENSITIVE  COXPONENTS - 3-2 ELGINE SYSTPI (103826; ELGINE 2035) 
~~ 

Component 

Valve Assy 

Valve  Assy 

Sea l  
Poppet 
Guide 
Sea l  
Diaphragm 
Diaphragm assy 
Diaphragm 

Diaphragm 

Valve  Assy 
Diaphragm 

Poppet seal 

O-ring 

O-ring 

Solenoid 
2ontrol Assy 

Valve Assy 
Valve  Fore 

Packing 
O-ring 

-. Grommet 
Packing 

Wiring Assy 
Pot t ing  

Wire, e lec .  
Tubing 

Igni t ion   Exci te r  

Connector 
O-ring 

I n s e r t  
End plug 

I so l a t ion  A s q  

Receptacle 

Packing 
Packing 
Insu la to r  

Wire, elec.  
Insu la tor  

Cable, j acke t  
Cable, j acke t  

Tubing 

I n s e r t  

Tvbing 

Viton A 

Viton A 

Viton A 
Teflon FEP 

" 

" 

N/R 
N/R 
Nylon 
Mylar 
Mylar 
Mylar 

Mylar 
Mylar 

" 

N/R 
" 

" 

N/R 
N/R 
N/R 
Synthetic  rubber 
Synthetic  rubber 
Si l icone  rubber  

Teflon FEP insu l .  
Teflon TFE 

Synthetic  rubber 

Nylon 
Si l icone  rubber  

Teflon TFE 

Si l icone  rubber  
Synthetic  rubber 
Si l icone  rubber  

Mylar 
Mylar 

Teflon TFE insu l .  
Teflon FEP insu l .  

Teflon TFE 
Teflon TFE insu l .  

" 

" 

" 

" 

Gamma E 
(ergs 

Predictec - 
1.5 

1.5 x1 

Lrowent 

:oleranct 

6x10 
6x108 

6x109 
6x109 

6x109 

N/R 

n(C)) 

7x108 

T 

N/R 
5x108 
6x109 
6x109 
6x109 

6x10' 

N/R 
6x109 

N/R 
N/R 
N/R 
N/R 
N/R 

(2x189) 

lX109 

iX109 
(1x108) 

lX109 
(lX109) 

lX109 

(6x109) 

1x10 

( 3 ~ 1 0 ~ )  * 
( 1 x 1 p  
1x10 

(6x10') 
lX1o9 
(lx109& 
(1x101 1 
(1x1010) 
1x109 
(lxlO8) 
(1x108) 
(1x108) 

~~ ~ 

Spec i f i ca t ion   o r  Vendor 

MIL-1-17091; Type I 

P/N 302-D; D i l l  Mfg. CO. 

MIL-PL5316 
MIL-G-3036 
MIL-P-5315 
RB0120-005; Type V 

MIL-W-16878/4 
MIL-1-22129 

MIL-P-5315 
MIL-C-5015 

MIL-R-5847; Class I1 
MIL-P-5315 
AMs 7271 

MIL-W-1687814 

AB0150-007 
AB0150-001 

AB0150-006; Type I V  



Table 6-13 
RECOMMENDED MODIFICATIONS - 5-2 ENGINE SYSTEM 

Par t  Number 

404659 (Typ) 
NA5-260053 

404656 ('Qp) 
MS28778 
MS29513 
303472 (Typ) 

MS29512 
RD262-4006 

406119 (Typ) 
MS33682 
308935 
" 

558308 
RB0150-009 
309299 
304398 
304381 

MS29512 
405916 (Typ) 
" 

13-1806 
4 0 8 0 1 2 - ~ ~  

AR10105-253  AD 
410864 (Typ) 
456260 (Typ) 
456289 
308880-~ 
308412-X 
308414 
308424 
NA5-27286 (Typ) 

456183 
RD262-4006 
MS28778 
MS29513 

302557 

Application 

Face  coated  seal 
Boot 

Face  coated seal 
Packing 
Packing 
t i p s e a l  
O-ring 
Gasket 
Seal 
Insert,  connector 
Poppet  seal  
Wire, e l e c t r i c a l  

Sleeving 
Inser t ,   receptacle  

Lipseal 
Gasket 
Seal 

Packing 
Seal 
Wire, e l e c t r i c a l  

Pot t ing  
Seal 

Seal 
Face  coated  seal  
Gas ke t 
Grommet 
Potting 
Poppet s e a l  
Insu la tor  
Retainer r ing  
Inser t ,   receptacle  
Wire, e l e c t r i c a l  
Gasket 

Packing 
O-ring 

Packing 

Gasket 
Wire, e l e c t r i c a l  

Assigned 
Category  of 
Modification 

Not cri t ical  
Not c r i t i c a l  

Required 
Not c r i t i c a l  
Not c r i t i c a l  

Desired 
Required 

Not c r i t i c a l  
Required 
Required 
Required 
Required 
Required 
Not c r i t i c a l  
Required 
Not c r i t i c a l  
Required 

Not cri t ical  

Required 
Required 

Required 
Not c r i t i c a l  

Required 
Required 

Desired 

Not c r i t i c a l  
Desired 

Not c r i t i c a l  
Required 

Not c r i t i c a l  
Required 
Required 
Not c r i t i c a l  
Desired 
Required 
Required 

Not c r i t i c a l  
Required 

r As De 

Material 

Teflon TFE coated 
Silicone  rubber 

Teflon TFE coated 
Sil icone  rubber 
Viton A 
Kel-F 
Viton A 
Viton A 
Teflon FEP 

Teflon PEP 
Silicone  rubber 

Teflon TFE insu l  
Unknown 

Unknown 
Unknown 

Unknown 
Unknown 

Viton A 
Mylar 
Teflon FEP insu l  

Unknown 
Silicone  rubber 

Teflon TFE 

Mylar 
Teflon TFE coated 

Sil icone  rubber 
Sil icone  rubber 

Teflon FEP 
Kel-F 
Kel-F 

Teflon FEP insu l  
Silicone  rubber 

Asbestos/rubber 
Viton A 

Viton A 
Silicone  rubber 

Teflon TFE insu l  
Kel-F 

ened 
Tolerance 

(erga/gm(C)) 

1x108 
2x109 

1x108 
~ 0 9  

1x109 
6x109 

6x10' 

7x10' 
6x109 

7x108 
lX109 

1x108 
1 
1 
? 
1 
1 

6x10' 
6x10' 
~ 0 9  

2x109 
1 

7x106 

6x109 
1x108 

2x109 
2x109 

2 x109 
1x109 
~ 0 9  
lX109 

1x109 

1x108 
~ 0 9  

7x108 

5x109 
6x109 

6x109 

l- Modified t Recommended 
Material  

Kynar coated* 
Teflonlglass 

Kynar coated* 

Polyimide 
Polyimide 

Polyimide 
Kynar 

Kynar* 

Vitreous material* 
Kynar 

Kynar 
Polyimide 
Vitreous  material* 
Teflon/glass 
Kynar 

Kynar 
Kynara 

Polyimide 

Polyimide 
Kynar 

Kynar 
EPOXY 

Kynar 
Kynar 
Kynar* 

EPOXY 

Polyimide 

Laminated epoxy 
Kynar 

Polyimide 
Vitreous material* 

Kynar* 
Polyimide 
Polyimide 
Polyimide 
Polyimide 
Kynar* 

Polyimide 

1 
Tolerance 

(ergs/gm(C)) 

3 ~ 1 0 ~ '  
2x1010 
2x1010 

2x1010 
3 ~ 1 0 ~ 0  

3 ~ 1 0 ~ '  
3x1010 

3 ~ 1 0 ' ~  
" 

1x10~0  

1x10~0  
" 

3x1010 
3x1010 
3x1OLo 

2x10 10 
8x1010 
1x10~0  

2x10 
3x101100 

3x1O1O 
3 ~ 1 0 ~ '  

3x1010 
3x1010 

3 ~ 1 0 ~ '  

3x1010 

2x1010 

2x1010 

1x10~0  

2x1010 
2x1010 
2x1010 
1x10~0  

" 

3x1010 

3 ~ 1 0 ~ '  



Table 6-13 (continued) 
RECOMIENDED  MODIFICATIOXS - 5-2 EKGINE SYSTEM 

Subsystem 

Propellant Feed (con 

Control System 

Fl ight   Instrumentat i  

Part Number 

dio70a9 
404561 
556962 
11-1473 
11-1730 

0500-3-3-TC 
1100-35-0101 

RB0150-009 
553948 

404655 (Typ) 
RD262-4006 ( T y p )  
553842 (m) 
554863 (~yp) 

~1s2a77a 
554867 ( ~ y p )  

MS33682 (Typ) 
1200CR-x 
19-501743 (Typ) 

MS29513 
RD421-5001 (Typ) 

502951-xxx 
55781 (Typ) 
E35489 

S11052-250 
553153 
AN6227 
47A1562 

" 

" 

NA5-27321-X 

~ ~ 3 3 6 8 0   ( ~ y p )  
404666 (Typ) 

19-501745 (Typ) 

703953 

121238 

19-704549 
704124-X (Typ) 

P2650 
10-40861 ( T y p )  

M S Z ~ ~ O O  
" 

Application 

Sea l  
Sea l  
Diaphragm 
Seal  
Sea l  
Sea l  
O-ring 

Ring,  retainer 
Sleeve 

Face  coated seal 
O-ring 

Sea l  
Sea l  

Diaphragm 
Packing 
Connector, i n s e r t  
Sea l  
Boot 

Packing 
Insulator,   thermal 

Wire, electrical 
Tubing 
Sea l  
Grommet 
Wire, e l e c t r i c a l  
Sea l  
Poppet s e a l  
Packing 
O-ring 
Pot t ing  

Insulator/spacer 
Face  coated seal 
Receptacle ,   inser t  
Boot 
Jire, e l e c t r i c a l  
Spacer 
l ire,  e l e c t r i c a l  
Seal 
Tubing 
fielding 
Tape 
; rmet  
Potting 
0-ring 

Assigned 

Modification 
Category  of 

Required 
Desired 
Desired 
Required 
Required 

Required 
Required 

Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  
Desired 

Required 
Required 

Desired 
Reqd  red 
Required 
Required 
Not c r i t i c a l  
Not c r i t i c a l  
Not cri t ical  
Required 
Not c r i t i c a l  

Not c r i t i c a l  
Required 

Required 
Required 
Required 
Not c r i t i c a l  
Required 
Desired 

Desired 
Not c r i t i c a l  

Not c r i t i c a l  
Required 

Required 
Not c r i t i c a l  
Required 

Not c r i t i c a l  
Required 

Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i c a l  
Not c r i t i c a l  

As De 

Mater ia l  

Kel-F 
Mylar 
Mylar 
Unknown 
Unknown 

Teflon TFE coated 
Unknown 

Unknown 
Unknown 

Teflon TFE coated 
Viton A 
Teflon FEP 
Nylon 
Mylar 
Sil icone  rubber 
Si l icone  rubber  
Teflon TFE 
Si l icone  rubber  
Si l icone  rubber  
Viton A 
Teflon FEP insu l .  
Si l icone  rubber  
Kel-F 
Si l icone  rubber  
Teflon TFE insu l .  
Teflon TFE 
Mylar 
Unknown 
Unknown 
Sil icone  rubber  

Cotton/phenolic 
Teflon TFE coated 
Si l icone  rubber  
Si l icone  rubber  
Teflon FEP insu l .  
Cotton/phenolic 
Teflon TFE insu l .  
Teflon TFE coated 
Si l icone  rubber  
Si l icone  rubber  
Si l icone  rubber  
4eoprene 
Unknown 
Si l icone  rubber  

.gned 
Tolerance 

(ergs/gm(C)l 

lX1o9 
6x109 
6x109 

? 
? 

? 
P 

1x108 
6x109 

5x108 
7x10' 

6x109 
lX109 
lX109 

~ ~ 1 0 9  
2x109 

1x109 
2x109 

~ ~ 1 0 9  
lX109 

1x108 

7x106 

6x109 

7x106 
6x109 

? 
? 

2x109 

3x10' 
1x108 

2x109 
lX109 

lX109 

1x108 

2x109 
1x108 

2x109 

1x109 
1x109 

1x109 

3x109 

? 

Modific 
Recommended 
Material 

Kynar 
Kynar 
Polyimide 
Kynar 
Kynar 

Kynar coa teM 
Kynar 

Polyimide 
Tef lon   g lass  

Kynar  coated* 
Polyimide 
Kynar 
Kynar 
Polyimide 

Vitreous  glass** 
Polyimide 

Kynar 
Tef lonlg lass  
Asbestos/rubber 
Polyimide 
Polyimide 
Teflon/glass 
Kynar 
Polyimide 
Polyimide 
Kynar 
Kynar 
Polyimide 
Polyimide 
Epoxy 

Polyimide 
Kynar coated* 
Vitreous  material* 
Teflon/glass 
Polyimide 
Asbestos/rubber 
Polyimide 
Kynar  coated* 
T e f l o d g l a s s  
Polyimide 
Rubber/glass 
Polyimide 

Polyimide 
EPOXY 

Tolerance 
(ergs/gm(C) 

3x10 10 
3x1O1O 

3x1010 
3x1010 

3x1010 
3x1010 

3x1010 

2x1010 

1 x 1 0 ~ 0  

3x1O1O 

3x1O1O 
3x1010 

2x1010 

2x1010 
2x1010 

lxl010 

2x1010 

1 x 1 0 ~ 0  
lxl010 

lXlOl0 

2x1010 

2x1010 
2x1010 

3x1010 

3x1010 

" 

3x1O1O 
3 ~ 1 0 ~ 0  

3x1010 
3x1O1O 

1 x 1 0 ~ 0  
1 x 1 0 ~ 0  

1 x 1 0 ~ 0  

lxl010 

1 x 1 0 ~ 0  

2x1010 
2x1010 

3x1010 

3 ~ 1 0 ' ~  

3x1010 

3x1O1O 



~ ~~ 

Subsystem 

Customer Connections 

~~ 

Par t  Number 

404657 ( T y p )  
MS28777 
M.528778 
19-501743 ( T y p )  

Wpeci fy   connec tors   wi th   g lass   inser t s  
*Use sa f t   me ta l   i f   poss ib l e  

Table 6-13 (continued) 
RECOMMENDED MODIFICATIONS - 5-2 ENGINE SYSTEM 

Face  coated  seal  

Packing 
Backup ring 

Boot 

Assigned 

Modification 
Category  of 

Not c r i t i c a l  
Not c r i t i c a l  
Required 
Not c r i t i c a l  

As De 

Material 

Teflon TFE coated 
Leather 
Sil icone  rubber 
Sil icone  rubber 

p e d  
Tolerance 

(e rns /m(c) )  

T 

1x108 

~ 0 9  
2%109 

5x10' 

Modif 
Recommended 
Material  

Kynar  coated* 
A l u m i n d  
Polyimide 
Teflon/glass 

3x1010 
" 

2x1010 
1 x 1 0 ~ 0  



6.4.4.2 Start System 

The start  system, Dwg 303927, is  par t   o f   the   p rope l lan t  

management control  system. It includes  the necessary valve 

assemblies, seals, etc. fo r   con t ro l l i ng  and  sequencing valve 

operations and  flow from the  s tar t  tank  during  each  engine 

s tar tup  operat ion.  S i m i l a r  components w i l l  be   required  for   the 

RNS propel lant  management system. The radiat ion  tolerance of 

t h i s  system, 1 x 10 ergs/gm(C),  can  be  increased t o  1 x 10'' 

ergs/gm(C)  through the  modif icat ions recommended in   Table  6-13. 

8 

6.4.4.3 Gas Generator 

The gas  generator  and  exhaust  system  described  in Dwg 

303926 contains  the  necessary valve assemblies  and switches f o r  

cont ro l l ing  t h e  flow  of GH2 for   acce le ra t ion  of t he  turbopumps. 

The design  philosophy  for t h e  RNS includes  boots t rap turbopump 

operat ion;   therefore ,  a gas  generator  system is not  envisioned 

f o r  RNS usage,  although many of t h e  valve components  might  be 

employed elsewhere i n  t h e  RNS propel lant  management system. The 

modifications recommended i n  Table 6-13 w i l l  allow  usage  of these 

components i n  nuc1ea.i: environments  of up t o  1 x 1010  ergs/gm(c). 

6.4.4.4 Propel lant  Feed  System 

The RNS propellant  feed  system w i l l  be similar t o  t h e  S- IVB 

propulsion  system  described  in Dwg 406651, except  only LH2 i s  

used i n  t h e  RNS and t h e  propellant  bleed-off system is  d i f fe ren t .  

6 -83 



The  S-IVB stage  propellant  feed  system is composed of i n t eg ra l  

LOX/LH2 tanks ,   p rope l lan t   l ines ,   cont ro l  valves, vents,  and 

supporting  control equipment for   regulat ing  f low  of   both LH2 and 

LOX t o   t h e  turbopumps.  Loading  of the  propel lant   tanks and 

propellant  flow are a lso   cont ro l led  by the   p rope l lan t   feed  system. 

Due to   the  larger   requirements  of LH2 propel lant ,  t h e  s i z e  of 

t h e  turbopump and associated plumbing w i l l  be   d i f fe ren t ;  however, 

t h e  materials employed will be similar to   t hose  recommended i n  

Table 6-13 f o r  t h e  mdif ied   conf igura t ion .  With t h e  exception 

of t h e  ac tua tor   for  t h e  p rope l l an t   u t i l i za t ion  valve assembly 

(Dwg 251351),a11 components of t h e  propellant  feed system were 

analyzed  for   radiat ion  sensi t ive materials. 

The specification  for  the  electromechanical  actuator  for 

t h e  p rope l l an t   u t i l i za t ion  valve assembly  (North American Rock- 

well Specif icat ion NA5-26726) indicates  : 

1. 

2. 

3.  

4 .  

5. 

6. 

The use  of  packings,  gaskets,  and  O-rings i s  
prohibited.  

Seal materials are not   . spec i f ied   for  a l l  appl i -  
cat ions.  

The actuator   consis ts  of a two-phase  servomotor, 
gear   t ra in ,  and position  measuring  elements. 

The resistance  element  of t h e  position  measuring 
potentiometer i s  made of  conductive  plastic.  

Some of   the  e lectr ical   connectors   contain  s i l icone 
rubber   inser ts  . 
Insu la t ion   for   e lec t r ica l   wi r ing  i s  not   specif ied.  

6 -84 



Based on this   information,  it is  be l ieved   tha t   the   ac tua tor  

can  be  radiation  hardened  to 1 x 10" ergs/gm(C) by: 

1. Specifying Kynar seals 

2. Using  polyimide  insulated  electrical  wire 

3.  Requiring  ceramic  inserts  for a l l  e l e c t r i c a l  
connectors 

4. Using  potentiometers  with wire wound res i s tance  
elements 

The modifications recommended in   Table  6-13 coupled w i t h  

t h e  above  recommendations for   the   ac tua tor   should   resu l t   in  a 

propellant  feed  system  capable  of  operating  in  nuclear  environ- 

ments as high as 1 x 10" ergs/gm(C). 

6.4.4.5 Flight  Instrumentation 

The components contained  in  t h e  f l ight   inst rumentat ion 

system (Dwg 702527) are des igned   spec i f ica l ly   to  measure t h e  

5-2 engine  operating parameters and,  therefore, w i l l  only have 

l imi ted   appl ica t ion   in  t h e  RNS. Temperature  and  pressure  trans- 

ducers similar to   t hose   r equ i r ed   t o  measure RNS engine  and  pro- 

pellant  feed  system  parameters have demonstrated t h e i r   r e l i a b i l i t y  

i n   nuc lea r  environments  greater  than 1 x 10" ergs/gm(C)  (Ref. 28) .  

Therefore, a high  degree of confidence  can  be  placed  in t h i s  

system i f  t h e  modifications  described  in  Table 6-13 are performed 

f o r  t h e  e l ec t r i ca l   ha rnesses ,  seals, and other  support  equipment. 
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6.4.4.6  Customer  Connections 

The seals, electrical  harnesses ,   and  other   miscel laneous com- 

ponents   required  for   integrat ing  the  propel lant   feed  system  and 

t h e  5-2 engine  system are d e s c r i b e d   i n  Dwg 103850. S imi la r  com- 

ponents as r equ i r ed   fo r  t h e  RNS propel lant   feed  system  can  be  radia-  

t ion  hardened modif icat ions similar t o  those descr ibed i n  

Table 6-13. 

6.4.4.7 Control  System 

The cont ro l   sys tem  for   the  S-IVB prope l l an t  management 

system (Dwg 556101) conta ins  a l l  t he   r equ i r ed  valves, seals, 

r egu la to r s  s o l i d - s t a t e   p r i n t e d  c i r c u i t  l o g i c  boards etc . for  

cont ro l l ing   and   moni tor ing   propel lan ts   dur ing   f i l l -and-dra in  

opera t ions ,  powered f l i g h t ,  and  engine  shutdown. A c o n t r o l  

system  analogous t o   t h i s  w i l l  be   r equ i r ed   fo r   t he  RNS. 

The so l id - s t a t e   e l ec t ron ic s   r equ i r ed   fo r   s igna l   cond i t ion -  

ing  and  telemetry of  eng ine   ope ra t ing   da t a   t o   g round   s t a t ions  are 

contained  in   the  Instrumentat ion  Unit   which is  l o c a t e d   i n   t h e   f o r -  

ward skirt region  where  the  predicted  nuclear  exposure i s  less 

than 1 x 10  ergs/gm(C).   Since  this  study was directed  toward  or-  7 

ganic  materials, n e i t h e r   t h e   e l e c t r o n i c  components contained on 

the   p r ip t ed   c i r cu i t   boa rds   no r   t he   suppor t ing   e l ec t ron ic s   equ ip -  

ment were analyzed. These e lec t ronic   equipments   requi re   de ta i led  

analysis  of  their   specific  design  before  any  recommendation re- 

g a r d i n g   t h e i r   r a d i a t i o n   t o l e r a n c e   c a n   b e   p u t   f o r t h .  
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The recommendations  described i n  Table 6-13 rad ia t ion  har-  

dens  each of the control system components to nuclear exposures 

greater   than 1 x 10  ergs/gm(C). Many of these components can 

be  hardened t o  even  higher levels by minor  design  modifications. 

10 
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6.5 Structures  Assembly 

6 . 5 . 1 Description  and  Location 

The S-IVB s t ruc tu res  assembly (Dwg lA39301-527) contains 

t h e  load  supporting members of t h e  S - I V B  vehic le  and t h e  neces- 

sary seals, f i t t i n g s ,  etc. for  interfacing  each segment  of t h e  

s tage  s t ructure .   Since t h e  S-IVB and the  RNS s t r u c t u r e s   d i f f e r  

rad ica l ly ,  it i s  doub t fu l   i f  any  of t h e  S-IVB subassemblies w i l l  

have appl ica t ion   in  t h e  RNS design. 

Since many of t h e  S-IVB s t r u c t u r e  assembly  components are 

f a i r l y   l a r g e ,  t h e  assumed locat ions of each  subassembly shown 

in   F igure  6-4 is  re ferenced   to   the   h ighes t   nuc lear  environment 

t o  which it is  exposed. 

6.5.2 Summary 

All S-IVB s t ruc tures  assembly  subsystems  can  be  radiation 

hardened by material subst i tut ion,   thus   providing a high  degree 

of  confidence  in t h e i r  performance i n   t h e i r  assumed locat ions.  

Table 6-14 summarizes the  recommended radiat ion  tolerance of 

both t h e  basic ,  i.e., as designed,  and  modified  configurations. 

These limits can  readily  be compared w i t h  t h e  predicted  nuclear  

environment  which i s  also  presented  in   Table  6-14. 

6.5.3 System Breakdown and Recommended Modifications 

The r ad ia t ion   s ens i t i ve  materials and components contained 

i n  t h e  S-IVB structures  assembly are summarized i n  Table 6-15. 
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1400 1601 l x  

1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1.5 x 

2 x  

5 x  

l x  

2 x  

3 x  

5 x  

1 .5  x 

0 

erg/gm (C) -h (unattenuated) 

Deflector  Assy (1B56518-1) 
Fwd S k i r t  Assy (lA39624-509) 
Aux Tunnel I n s t l  (1B27716-513) 
I n s u l a t i o n   I n s t l  (lA39314-543) 
Skir t  Assy (1B69669-1) 
I n s u l a t i o n   I n s t l  (lA93131-505) 

Probe  Support (lA59866-501) 

Helium Bot t l e  (lA57523-509) 

F i t t i n g   I n s t l  (1B68778-1) 
S t u d   I n s t l  (1B68007-1) 
S t u d   I n s t l  (1B63804-501) 
Seal I n s t l  (1B43808-501) 

F i t t i n g   I n s t l  (1B55745-1) 
I n s u l a t i o n   I n s t l  (1B65892-503) 
S k i r t   I n s t l  (lA39310-511) 
Tank Assy (lA39303-553) 

Sump I n s t l  (lA39154-505) 

X 
Figure 6-4 Assumed Location of (S-IVB) St ruc tu res  

Assembly Components 
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Subs ys t em 

I n s u l a t i o n   i n s t l  

Seal i n s t l  

Probe  support 

Tank assembly 

Skirt assembly 

I n s u l a t i o n   i n s t l  

Tunnel ins t l  

A u x  t u n n e l   i n s t l  

Forward sk i r t   a s sy  

S k k r t   i n s t l  

Helium b o t t l e  

Deflector  assy 

Stud i n s t l  

I n s u l a t i o n   i n s t l  

Table 6-14 
RADIATION HARDENING SUIMARY - S-IVB STRUCTURES ASSEEBLY 

Drawing 
Number 

U93131-505 

1B4.3808-501 

lA59866-501 

lA39303-503 

1B69669-1 

lA39314-543 

lA39313-507 

1B27716-513 

lA39624-509 

lA39310-511 

lA57523-509 

1B56518-1 

1B63804-501 

1B65892-503 

Predicted 
Gamma 

Environment 
(ergs/gm(C)> 

1,4xlO 7 

lk108 

1.4~10 

5x1o9 

7 

1.4~10 7 

1, 4x107 

1x10 

1. 4x107 

1.4~10 7 

5x10' 

1.9x10 

1.4~10 

1x10 

3x10 

8 

7 

7 

8 

9 

Recommended Tolerance 
n(c>) 

A s  Modified 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

2x1010 

Not required 

Not required 

Not required 

Remarks 

Not cons ide red   c r i t i ca l  

Not cons ide red   c r i t i ca l  

Does not   contain cri- 
t i ca l  organic comp. 

Does not   contain cri- 
t i c a l   o r g a n i c  comp. 

Not cons ide red   c r i t i ca l  

Not c o n s i d e r e d   c r i t i c a l  

Not cons ide red   c r i t i ca l  

Not c o n s i d e r e d   c r i t i c a l  

Not cons ide red   c r i t i ca l  

Not c o n s i d e r e d   c r i t i c a l  

Not cons ide red   c r i t i ca l  



Table 6-14 (continued) 

RADIATION ‘HARDENING SUMMARY - S-IVB STRUCTURES ASSEMBLY 

m 
\o 
I 

N I 

i 
1 
j 

7 
Subsystem 

F i t t i n g   i n s t l  

Stud i n s t l  

F i t t i n g   i n s t l  

Sump ins  tl 

I 

Predicted 
Drawing Recommended Tolerance Gamma 
Number (ergs/@ Environment 

(ergs/gm(C>) As Designed 

1B55745-1 

1x10 1B68007-1 

” 5x109 
8 

8 

” 

1B68778-1 1x10 ” 

LA39154-505 1 . 5 ~ 1 0  9 
” 

1 
As Modified 

Not required 

Not required 

Not required 

Not required 

T Remarks 

A l l  metal 

A l l  metal 

A l l  metal 

A l l  metal 



Par t  Number 

lA93131-505 
lA93131-29 (T 

" 

1B43808-501 
1B43388-501 
1B44621-507 
1B56752-1 

U59866-501 
lA57821-1 

" 

" 

" 

lA39303-553 
lA72911-1 

1B32995-507 
1B69669-1 

9709143 

1B33150-1 
" 

" 

1B52342-1 
1B69669-857 

" 

" 

" 

lA39314-543 
lA39314-3 
lA39296-527 
1B56481-503 
1B67832-1 

" 

" 

lA89613-509 
lA78175-523) " 

" 

" 

" 

lA39313-507 
lA39313-13 
lA39313-33(Tyl 
lA39313-43 

" 

9709139 
" 

Table 6-15 

RADIATION  SENSITIVE  COHPONENTS - S-IVB  STRUCTURES  ASSEMBLY (U39301-527) 

Subsystem Component 

dhesive 

Probe  Support 

Tank Assembly 

S k i r t  Assembly 

Sealant 
Adhesive 
Resin 

Insu la t ion  

Sealant 

Sealant 
Sealant 

dhesive 

I n s u l a t i o n   I n s t a l l a t i o n  
Doubler 
Dome i n s u l a t i o n   i n s t a l l a t h  

Pad 

Adhesive 
Adhesive 
Adhesive 

Adhesive 
Adhesive 
Adhesive 

Gasket 
Doubler 

Primer 
Primer 

dhesive 

Material 

A 1  polyethylene 
Polysulfide  base 

" 

" 

Neoprene 
Nylon f ab r i c  
Neoprene 

" 

Polyurethane foam 
Synthetic  rubber 
Polyurethane  base 
Epoxy r e s in  

" 

" 

Polyurethane foam 

" 

Si l icone  
Polysulfide  rubber 

Polysulfide  rubber 

Silicone  rubber 
Polysulfide  rubber 

Sil icone  rubber 
Si l icone  base 
Polysulfide  rubber 

" 

" 

Plas t ic   l amina te  

Polyurethane/glass 
Polyurethane/glass 
Epoxy base 
Polyurethane  base 
Polyurethane  base 

" 

" 

" 

Polyurethane  base 
Epoxy base 

Polyurethane  base 

Asbestos/rubber 
Sil icone  rubber 
P las t ic   l amina te  
Polyurethane  base 
Si lane  base 
Si l icone  base 

" 

Critica:  

:ation 
ipp l i -  

no 
no 
no 

no 
no 
no 
no 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
no 

Yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 

no 
no 
no 
no 
no 
no 

no 
no 

no 

no 
no 
no 

no 
no 

no 
no 

no 
no 
no 

T 
Gamms El 

(ergs,  
? r e d i c t a  

1. 4x107 
1 . 4 ~ 1 0 ~  

1 . 4 ~ 1 0 ~  

1x108 

1 .4x107 

1. 4x107 

5x109 
5x10' 

1 . 4 ~ 1 0 ~  

I. 4 ~ 1 0 ~  

1 . 4 ~ 1 0 ~  

1 . 4 ~ 1 0 ~  

1x108 

1x108 

ironment 

rolerance 
n(C>) 

(1x109) 
* 

( 6 ~ 1 0 ~ )  

B 
( 6 ~ 1 0 ~ )  
( 3 ~ 1 0 ~ )  
( 6 ~ 1 0 ~ )  

1x109 
1x109 
1x109 
2x1010 
lXlOl0 

5x109 

B 
(5x10') 

* 
1 

(lX109) 
( 5 ~ 1 0 ~ )  

( 5 ~ 1 0 ~ )  
( 5 ~ 1 0 ~ )  
( 8 ~ 1 0 ~ )  
(8xlO;A 
(1x10 ) 
(5x109) 

1 

(2x1010) 

(2 x1010) 
(2x1010) 

(1x1010) 
(1x1010) 

(1x1010) 

(1x1010) 
(1x1010) 

(1x1010) 

?* 

ak 

* 

3* 

(1x1010) 
( l x l o q  

T S p e c i f i c a t i o n   o r  Vendor 

1P20098 

1P20011 
1P20b57 
1P20075 
MIL-R-9300 

HIL-S-8802 

MIL-S-8802 
MIL-S-8784 
P/N S-1387637-1126 

1P20014 
?fIL-S-8802 

1P20001 
1P20075 
MM"A-188 

1P20001 
1P20075 
H-A-188 

1P20075 
1P20111 



Par t  Number 

9709143 

lB27716-513 
lB27716-3 ('I& 

" 

9709139 
9709143 

lA39264-509 
lB52342-1 

" 

" 

" 

U39310-511 
lB39505-507 

" 

9709143 

lA57523-509 
S0046T239 
55666-400AFA 

1B56518-1 
lB56518-3 (Ty1 
1B56518-5 

" 

" 

" 

1B63804-501 
" 

" 

lB65892-503 
lB65892-7 

" 

Table 6-15  (continued) 

RADIATION SENSITIVE COMPONENTS - S-IVB STRUCPURES ASSEMBLY (lA39301-527) 

Subsystem Component 

Sealant 

Auxiliary  Tunnel Ins t a l l a t ion  
ca l )  Gasket 

Adhesive 
Primer 
Primer 
Sealant 

Forward S k i r t  Assembly 
Sea l  

Sealant 
Adhesive 

Sk i r t   I n s t a l l a t ion  
Seal assembly 

Adhesive 

Sealant 
Sealant 

Helium Bottle 
0-Ring 
Face  coated  gasket 

Deflector Assembly 
c a l )  Cord 

Tape fas tener  

Lubricant 
Adhesive 

Stud  Instal la t ion 
Adhesive 
Adhesive 

Insu la t ion  Ins t a l l a t ion  
Liner 
Adhesive 

~~ 

Material 

Silicone  rubber 

" 

isbestos/rubber 
Polyurethane  base 
Silane  base 
Sil icone  base 
Silicone  rubber 

" 

Silicone  rubber 
Silicone  base 
Polysulfide  rubber 

-- 
Polyurethane  base 
Polysulfide  rubber 
Sil icone  rubber 

" 

Teflon W E  
Teflon W E  coated 

" 

" 

Nylon 
Nylon 
Epoxybase 
Perfluorinated a1 

pha tk  
" 

Polyurethane  base 
Epoxy base 

A 1  Polyethylene 
Polysulfide  base 

" 

: r i t i ca l  
Lppli- 
:at ion 

no 

no 
no 

no 
no 
no 
no 

no 
no 
no 
no 

no 
no 
no 
no 
no 

Yes 
Yes 
Yes 

no 
no 

no 
no 
no 

no 
no 
no 

no 
no 
no 

- 

r 
Gamma En 

(ergs/  
red ic ted  

.x,e 

. .4x107 

1 . 4 ~ 1 0 ~  

1.4~107 

I 
1 . 4 ~ 1 0 ~  

jX109 

I 
x 0 9  

L . 9x107 
L . 9x113~ 
1 . 9 ~ 1 0 ~  

1 . 4 ~ 1 0 ~  

1.4~107 

1x108 
1x108 
1x108 

5x109 
5x10' 
5x109 

ironment 
d c ) )  
Colerance 

1x109) 

* 
(5xlO:A 
(1x10 ) 
(1x1010) 
(1x1010) 
(1x109) 

(1x101 ) 
(8x108d 

* 

( 5 ~ 1 0 ~ )  

* * 
(lXlO~0) 

(1x109) 

1x108 

(5x109) 

7x106 
7x106 

( 3 ~ 1 0 ~ )  
( 3 ~ 1 0 ~ 4  

(1x10 ) 

... 

(1x10; ) 

(1x1010) 
(1x1010) 

(1x109) 

* 

* 
( 6 ~ 1 0 ~ )  

r 
Spec i f i ca t ion   o r  Vendor 

.P20075 

.P20111 

' / N  S-1387637-1126 
.P20014 
fIL-S-8802 

920075 
dIL-S-8802 

?/N V12-1 (80)-200;  Velcro  Nylon, Corp. 
lP20025 
LP20056 

LP20001 
LP20075 

11320098 



The recommended modifications  for  radiation  hardening these com- 

ponents are presented  in  Table 6-16. The rad ia t ion   e f fec ts  

analysis ,  which provides   the  basis  f o r  these recommended modifi- 

cat ions,  i s  d iscussed   in   de ta i l   in   Sec t ion  6.5.4. 

6.5.4  Radiation  Hardening  Analysis 

6.5.4.1 F i t t i n g   I n s t a l l a t i o n  (1B55745-1); F i t t i n g   I n s t a l l a -  
t i o n  (lB68778-1);  and  Stud I n s t a l l a t i o n  (1B68007-1) 

F i t t i n g   i n s t a l l a t i o n  1B55745-1, f i t t i n g   i n s t a l l a t i o n  

1B68778-1, and s tud   i n s t a l l a t ion  1B68007-1 only  contain metal 

components  and therefore  are not   a f fec ted  by t h e  rad ia t ion  en- 

vironment. 

6.5.4.2 

None of 

Insu la t ion   In s t a l l a t ion  (lA39314-543); Insulat ion 
I n s t a l l a t i o n  (lA93131-505);  Probe  Support  In- 
s t a l l a t i o n  (lA59866-501); Auxiliary Tunnel In- 
s t a l l a t i o n  (1B27716-513); Forward S k i r t  Assembly 
(1839264-509); Deflector Assembly (1B56518-1); 
S k i r t  Assembly (lB69669-1);  and  Stud I n s t a l l a t i o n  
llB63804-501) 

these   ins ta l la t ions   conta in   rad ia t ion   sens i t ive  

materials - either i n  c r i t i ca l  or   non-cr i t ica l   appl ica t ions .  

A l l  recommended radiation  tolerances  exceed  the  predicted  exposure 

l eve l  by more than a factor  of  ten.   Therefore,  no material re- 

placement or  design  modifications are recommended for   these  sub- 

sys terns. 

6.5.4.3 Seal I n s t a l l a t i o n  (1B3808-1) and  Tunnel I n s t a l l a -  
t i o n  (lA39313-507) 

Neither of   these   ins ta l la t ions   conta in   rad ia t ion   sens i t ive  

materials i n  c r i t i ca l  applications.   For t h i s  reason no design 
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Subsystem 

Sea l   Ins ta l la t ion  

Tunnel Ins t a l l a t ion  

Sk i r t   I n s t a l l a t ion  

Helium Bottle 

Insu la t ion   In s t a l l a t  

Pa r t  Number 

1B43388 

lA39313-33 (Typ) 
9709143 

9709143 
" 

S0046T239 
55666-400AE4 

! 
1B65892 

Table 6-16 

RECOMMENDED  MODIFICATIONS - S - N B  STRUCTURES  ASSEMBLY 

Application 

Seal 

Gasket 
Sealant 

Sealant 
Sealant 

O-ring 
Face  coated  gasket 

Adhesive 
Liner 

Assigned 
Category  of 
Modification 

Not c r i t i c a l  

Desired 
Not c r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  

Desired 
Desired 

Not c r i t i c a l  
Not c r i t i c a l  

r A s  Designed 

Material  

Neoprene 

Silicone  rubber 
Silicone  rubber 

Polysulfide  rubber 
Silicone  rubber 

Teflon TFE 
Teflon TFE 

A 1  polyethylene 
Polysulfide 

. 

(ergs/gm(C)) 
Tolerance 

6x10' 

8x10 8 
lX109 

7x106 
1x108 

lX109 
6x10' 

Modified 
Recommended 
Material  

Kynar 

Kynar* 
Polyimide 

Polyimide 
Polyimide 

Polyimide 
Kynar coated* 

A 1  polyimide 
EPOXY 

(ergs/gm(C)) 
Tolerance 

3x1010 

3 ~ 1 0 ~ '  
2x1010 

2X1O1O 
2x1010 

*Use so f t   me ta l   i f   poss ib l e  



modifications are recommended even  though some of t h e  non-cr i t ica l  

app l i ca t ions   u t i l i ze   o rgan ic  materials whose radiat ion  tolerances 

do not  exceed  the  predicted  environment, 1 x 10 ergs/gm(C), by 8 

the   desired  factor  of ten.  

6.5.4.4  Tank.Assembly 

The recommended radiat ion  tolerance of t h e  polyurethane 

foam insu la t ion   l in ing  t h e  tank  assembly (Dwg lA39303-553), 

1 x 10" ergs/gm(C),  does not  exceed the  predicted  nuclear  en- 

vironment, 5 x 10 ergs/gm(C), by t h e  desired  factor  of  ten.  9 

However, no design  modifications are recommended s ince  the  per-  

formance of t h e  insulat ion does not  l i m i t  mission  success. 

6.5.4.5  Aft   Skirt   Installation 

Although t h e   a f t   s k i r t  seal assembly  of t h e   s k i r t   i n s t a l l a -  

t i o n  (Dwg 11139310-511) does not  contain any rad ia t ion   sens i t ive  

materials i n   c r i t i c a l   a p p l i c a t i o n s ,  t h e  modifications  described 

in  Table 6-16 are recommended t o  increase t h e  tolerance  of t h e  

individual  components . 
6.5.4.6 Helium Bot t le  

Helium b o t t l e s  (Dwg lA57523-504),  which are employed f o r  

storage  of t h e  pressurant  for  pneumatically  actuated  valves,  are 

phys ica l ly   l oca t ed   i n t e rna l   t o  t h e  propellant  tank. The recom- 

mended radiat ion  tolerance of the  gaskets  and  O-rings,  which 

in t e r f ace  w i t h  t h e  pressurization  system, do not  exceed t h e  

predicted  exposure, 1.9 x l o7 ,  by t h e  des i red   fac tor  of ten.  
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Therefore, the modifications  described  in  Table 6-16 are recom- 

mended t o  improve  system r e l i a b i l i t y ,  

6.5.4.7 Insu la t ion   In s t a l l a t ion  (lB65892-503) 

Although the  components o f   t he   i n su la t ion   i n s t a l l a t ion  

(1B65892-503) do not   conta in   rad ia t ion   sens i t ive  materials i n  

appl icat ions where  degradation i n  material properties  might 

compromise mission  success , the  modifications  described  in  Table 

6-16 are recommended to   i nc rease  t h e i r  recommended tolerances 

t o  above the predicted  exposure levels. 
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6.6 Thermoconditioning  System 

6 . 6.1  Description  and  Location 

The thermoconditioning  system (Dwg 1B384260-539) maintains 

an  acceptable  operating  environment  for t h e  S-IVB equipment 

loca t ed   i n  t h e  forward  interstage area during  preflight  and  in- 

f l igh t   opera t ions .  It maintains   e lectronic  equipment a t  their  

optimum operating  temperature by c i r cu la t ing  a methanol-water 

coolant which has a temperature  of 59 + l0F. A s imi la r  system 
0 - 

might  be  required  for t h e  RNS; however, i ts  requirements are not 

known . 
The S-IVB thermoconditioning  system is  assumed t o  be located 

i n  a pos i t ion  where it w i l l  be   subjec ted   to  a nuclear   radiat ion 

exposure of 1 x lo9  ergs/gm(C)  during 10 hours of engine  opera- 

t ion. 

6.6.2 Summary 

All of the  thermoconditioning components can  be  radiation 

hardened by t h e  material subs t i t u t ion  and  design  modifications 

recommended in   Sec t ion  6.6.4  such t h a t  re l iable   operat ion  can  be 

expected a t  nuclear  exposures  of up t o  2 x 10" ergs/gm(C),  which 

exceeds the   p red ic ted  environment by more than a f ac to r  of ten.  

6 . 6 . 3  System Breakdown and Recommended Modifications 

The rad ia t ion   sens i t ive  materials and  components contained 

i n  t h e  S-IVB thermoconditioning  system are l i s t e d   i n  Table 6-17. 

The recommended modifications are given  in  Table 6-18. 

6 -99 



I 

Par t  Number 

MS28778 
1B38426-539 

lA97549-1 

1B38429-501 
lA97550-1 

1038430-501 

1B76047-1 (Ty 
" 

" 

Subsystem 

Chermoconditioni 

:al) 

Table 6-17 

RADIATION  SENSITIVE  COMPONENTS - S-IVB THERMOCONDITIONING SYSTEM (lB38426-539) 

Component 

Sys tem 
-Ring 
pacer 
pacer 
m e  
oupling  assembly 

Packing 
so ln tor  

Pads 

Material  

Synthetic  rubber 
Laminated phenolic 
Laminated phenolic 
Teflon TFE tube 

Neoprene 

Silicone  rubber 

" 

" 

" 

Cr i t i c& 

ca t ion  
App 1i- 

r 
Gama Eo 

(ergs/  
' redicted 

lX1o9 

lX1o9 

'ronment 

'olerance 
I(C)) Spec i f i ca t ion   o r  Vendor 

IIL-G-5510 
IIL-P-15035, Type FBE 
IIL-P-15035, Type PBE 
'/N R 25684; ResistoflexCorp. 
'/N 26M02D; General  Connectors Corp. 

' /N 90847-1;  Barry Controls 



I 

i 

i 
I 

I 

I 

! 
i 

I 
i 
I 

i 

Subsystem 

Thennoconditioning 

Weld  metal  tubing 
~~ 

Par t  Number 

Ms28778 
1B38429 (Typ) 
1B38430-s 
1B76047-x 

Table 6-18 
ECOHIENDED KODIFIC4TIOXS - S-NB THEfiE;OCONDITIONIh'G SYSTEM 

Application 

O-ring 
Hose assy 
Packing 
Pads 

Assigned 
Category  of 
Modification 

Required 
Required 

Not c r i t i c a l  
Required 

T As Designed 

Material 

Sil icone  rubber 
Teflon TFE tube 
Neoprene 
Silicone  rubber 

(erss/pm(C)) 
Tolerance 

8x108 
3x106 
1x109 
2x109 

Nodified 
Recommended 
Material 

Polyimide 
Aluminum;': 

Asbestos/rubber 
Polyimide 

2x10 10 

2x1010 
" 

3x1010 



6 . 6 .4  Radiation  Hardening  Analysis 

The least rad ia t ion  stable component, i.e. , t he  hose assembly 

which contains  an  inner  l ining  of  Teflon TFE impregnated  with 

carbon  black, limits the  recommended radiat ion  tolerances of t h e  

thermoconditioning  system t o  3 x 10 ergs/gm(C).  Replacement of 

these hose  assemblies w i t h  welded aluminum tubing  and  usage of 

polyimide  packing  and  O-rings, as recommended i n  Table  6-17, 

increases   the recommended tolerance of t h e  thermoconditioning 

system t o  2 x 10" ergs/gm(C>. 

6 
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6.7 Support System 

The support  system  defined  in Drawing lA95641-513 can  best 

be  described as being  par t  of t he  S-IVB s t ruc ture .  The support 

system,  which consists  of t h e  forward dome, forward s k i r t ,   a f t  

dome, a f t   s k i r t ,  and tunnel  support  systems is  uniquely  designed 

f o r  t h e  S-IVB. Therefore, it i s  d o u b t f u l   i f  any  could  be  adapted 

t o  RNS appl icat ions.  The assumed locatiom and predicted  nuclear  

environments are shown i n   F i g u r e  6-5. 

As noted  in   Table  6-19,  most of  the  subsystems are metal and 

do not contain  any rad ia t ion  s e n s i t i v e  materials. The only organic 

material contained  in  any  support  subsystem i s  t h e   e l e c t r i c a l  

feedthru O-ring/grommet  which prevents damage t o   e l e c t r i c a l  

wires penetrat ing t h e  forward  and a f t  dome support   structure.  

Since  these are not  considered c r i t i ca l  appl icat ions,   radiat ion 

hardening i s  not  required.  
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5 x  

7 x  
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5 x  

l x  
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6 
10 , erg/gm(C) -h (unattenuated) 

1 C  

l o 7  
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lo8 
lo8 
lo8 

a 

Figure 6-5 Assumed Location of (s-IVB) Support 
Assembly 
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I 

I 

Subsystem 

Forward s k i r t  
support 

Forward dome 
support 

Aft   skir t   support  

Aft  dome support 

Support i n s t l  

Tunnel  support 

Support i n s t l  

Table 6-19 
RADIATION HARDENING SUMMARY - S-IVB SUPPORT ASSEMBLY 

Drawing 
Number 

lA95642-509 

lA95643-503 

lA95644-519 

lA95645-503 

lA95647-505 

lA95648-503 

1B662221-505 

Predicted 
Gamma 

Environment 
(ergs/gm(C>> 
1. 3x107 

1x10 7 

5x10' 

1 ~ 1 0 ~  

1x108 

1x108 

1x10 8 

Recommended Tolerance 
mm(C)) . - .  

A s  Modified I 
Remarks 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

Not required 

A l l  metal 

A l l  metal 

A l l  metal 

A l l  metal  

A l l  metal 





V I I .  ANALYSIS OF S - I 1  STAGE 

The S - I 1  stage,  which is t h e  second  booster  stage  of  the 

Saturn V system, is approximately  81  feet   in   length and 33 feet 

in  diameter.  It i s  powered  by five 5-2 rocket  engines  using 

l i qu id  hydrogen  and l i qu id  oxygen as propellant  to  develop a 

to t a l   t h rus t   o f  1,150,000 pounds i n  a s ing le  burn.  Stage  weight 

a t  ign i t i on  i s  approximately  1,059,900  pounds  of  which  approxi- 

mately  158,250 pounds is l i q u i d  hydrogen. 

Table  7-1 l is ts  the  major  systems  analyzed  and  notes  the 

subsec t ion   in  which t h e  analysis  of each appears. 

Table  7-1 

S-I1 SYSTEMS ANALYZED 

Sys tern Drawing Subsection 

Hydraulic V7-580032 7.1 
Propel lant  Feed V7-480002  7.2 
Pressurizat ion V7-490800 7.3 
Leak Detection  and  Purge V7-532501 7.4 
Electrical, General V7-540378 7.5 
Engine I n s t a l l a t i o n  V7-417005 7.6 
Insulat ion and Heat Shields " 7.7 
Structure  V7-300011 7.8 

As described  under t h e  analyses,  most  of t h e  S - I 1  components 

and  subsystems  can  be  modified  and/or  adapted  for RNS applica- 

t i on  from t h e  standpoint of withstanding  the  radiation  dosages.  

It should  be  noted that a l l  rad ia t ion  levels used i n   t h e  subse- 

quent  analysis are based on unattenuated gamma doses f o r  10 

hours of engine  operation as shown in  Figure  5-1 of Section V. 
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In   add i t ion   t o   t he   p rocedures   desc r ibed   i n   Sec t ion  111, t h e s e  

a d d i t i o n a l  comments pe r t a in ing   t o   t he   fo l lowing   ana lyses  may be 

he lp fu l .  

Generally,  t h e  discussion  of  each  system is  in   four   sub-  

sec t ions   conta in ing  (a) a b r i e f   d e s c r i p t i o n  of the  system and t h e  

assumed loca t ion  on t h e  RNS, (b)  a summary, usua l ly   contafn ing  a 

tab le   g iv ing   the   eva lua t ion  of each  subsystem,  (c) t h e  main da t a  

t a b l e s ,  i .e. ,  the  system breakdown t o   r a d i a t i o n   s e n s i t i v e  materials 

and t h e  recommended modifications,   and  (d) t h e  discussion of each 

subsystem. 

The tab les   g iv ing  t h e  rad ia t ion   sens i t ive   components ,   e .g . ,  

Table 7-3 ,  conta ins  a column headed "Critical Application. I '  If 

t h e  e n t r y   i n  t h i s  column i s  "no, t h e  corresponding  entry  under 1 1  

I 1  Tolerance" i s  enclosed  in   parentheses;   the   value  given,   however ,  

i s  t h e  same as i f  t h e   a p p l i c a t i o n  were c o n s i d e r e d   c r i t i c a l .  If 

a l l  r a d i a t i o n   s e n s i t i v e  materials l i s t e d   f o r  a component (or  sub- 

system) are cons idered   noncr i t ica l ,   an   as te r i sk   appears   under  

11 To1 er anc e. I '  

The t a b l e s   g i v i n g   t h e  recommended modif icat ions,  e.g., Table 

7-4, have i n  some cases been  shortened by l i s t i n g   o n l y  a repre- 

s e n t a t i v e  i t e m  for material appl icat ions  which may appear  many 

times i n  the subsystem. It should  be  understood  that  the modi- 

f i c a t i o n   a p p l i e s  t o  a l l  s i m i l a r  items. 
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7.1 Hydraulic System 

*7 . 1.1 Description  and  Location 

As mentioned earlier, the  appl icat ion  of   hydraul ic  system 

components t o   t h e  RNS is  unknown; however, some type  of  engine 

gimballing  device w i l l  be  required and a hydraulic  system w i l l  

probably  be  considered. 

The S - I 1  thrust   vector  control  system  consists  of  four  in- 

dependent  closed-loop  hydraulic  control  subsystems which provide 

power for  gimballing t h e  four  outboard  engines. The primary com- 

ponents of each subsystem are a main pump, an  auxi l iary pump 

(used  only  during  prelaunch  checkout),  an  accumulator-reservoir 

manifold  assembly (ARMA), and two servoactuators.   Interconnect-  

ing  f lexible   hoses  are Teflon  l ined w i t h  a steel outer  braid.  

The hydraul ic-f luid i s  MIL-H-5606A.  The assumed locat ions of 

these components are shown i n   F igu re  7-1. 

The main pump i s  mounted t o  and driven by the  engine LOX 

turbopumps. The ARMA cons is t s  of a high-pressure  accumulator 

which receives   high-pressure  f luid from the  pump and a low- 

pressure   reservoi r  which receives r e t u r n   f l u i d  from t h e  servo- 

actuators .  The se rvoac tua tors   conver t   e lec t r ica l   s igna ls  and 

hydraulic power into  mechanical  outputs t h a t  gimbal the  engine. 

After  S-IC/S-I1 separation,  an S - I 1  switch  selector  cofimand 

unlocks t h e  accumulator  lock-up  valves,  thereby  releasing  high- 

pressure (-2350 ps i a )   f l u id  t o  each  of t h e  servoactuators.  
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erg/gm(C)-h (unattenuated) 

- 
- 

a 
e 600 - 

C 400 - 0 

a 
VI 
U (V7-580034) - 

Hydraulic Sys Assy (V7-580033) 

Servoactuator Assy (V7-580228) 
Pump ASSY (V7-580230) 

- 
0 -  

/Hydraulic Accumulator 

Figure 7-1 Assumed Location of (S-11) Hydraulic 
System  Components 
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The accumulators  provide  gimballing power p r i o r   t o   t h e  main 

hydraulic pump operation.  During S - I 1  mainstage operation, the 

main hydraulic pump supplies  high-pressure ( -3500 p s i g )   f l u i d   t o  

the  servoactuators .  The r e t u r n   f l u i d  from the   ac tua tors   ( -17  

psig)  is  routed   to   the   reservoi r  which s t o r e s  i t  a t  s u f f i c i e n t  

pressure ( -88 psig)   to   supply a pos i t ive   p ressure  a t  the main 

pump inlet . 
7.1.2 Sumnary 

Based upon t h e  analyses   presented  in   Sect ion 7.1.4, it i s  

believed that each of  the  major components  and  subsystems  of 

t h e  hydraulic  system  can be radiation  hardened  to levels grea te r  

than  those  predicted at  t h e  assumed component locat ions shown 

in   F igu re  7-1. Table 7-2 summarizes the   p red ic ted   nuc lear  

environment  and the  recommended radiat ion  tolerances  of   both  the 

basic  system  and  the  modified  configuration  of  each  subsystem. 

The recommended modifications and a discussion  of   the  resul t ing 

improvements are g iven   in   Sec t ion  7.1.4. 

7.1.3  System Breakdown and Recommended Modifications 

Drawings, spec i f ica t ions  , and p a r t  l ists  w e r e  examined t o  

determine  radiation  sensit ive materials whose performance charac- 

teristics might  degrade  due to   t he   i n f luence  of radiat ion.  

Table 7-3 l i s t s  these materials, descr ibes   the i r   appl ica t ions ,  

and  presents  for  comparative  purposes  the recommended tolerance 

f o r  each application  and t h e  predicted  nuclear  environment. 
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Table 7-2 

RADIATION  HARDENING SUMMARY - S-I1  ENGINE  ACTUATION SYSTEM, HYDRAULIC 

Subsys  tem 

Hydraulic  assy 

Hydraulic  accumulator 

Pump  assy 

Servoactuator  assy 

~ 

Predicted 
Drawing 

Environment Number 
Gamma 

(ergs/gm(C>> 

V7-580033 

1. 5x10’ V7-580230 

6x108 V7-580034 

1 . 5 ~ 1 0 ’  

V7-580228 I. 5x10’ 

Recommended  Tolerance 

As Designed I As Modified 
(ergs/gm(C>> 

3x106 

1x1010 7x106 

lxlolo 7x106 

5x10’ 

lX108f~ lXlO1O 

,?Based on  partial  information;  tolerance  could  be  lower. 



Par t  Number 

V7-580033 
V7-580243 
V7-580243 
ME271-0030 

" 

V7-580034 
V7-580229 
MC266B 
MS9058 
5631696 
ME449-0009 

" -- 
ME449-0043 

" 

" 

" 

" 

" 

ME284-0102 

ME282-0028 
5641679 

5631709 
5631696 

5641334 
5651063 
5631655 
5631654 

MS28774 
5641447 

5631696 
5631754 
5631696 
5631655 
5631696 
5631696 
5631640 
5631696 
Ms28774 
Ms28774 
5631696 
5641227 
5631696 
Ms28774 
5631644 
5631754 
5631754 

Subsystem 

Hydraulic Sys A! 

Hydraulic Accumr 

Table 7-3 
RADIATION  SENSITIVE  COXPOXENS - S-I1 ENGINE  ACTUATION SYSTEM, HYDRAULIC (V7-580032) 

Camponent 

r 

iose ASSY 
Sleeve 

Iydraul ic   f lu id  
Hose 

iRMA Assy 
Packing 
Ring,  backup 
Packing 
Sensor,  temperature 

Element  support 
Pot t ing  
Wire, e lec .  

Transducer.  pressure 
Insu la t ion ,  elec. 
Pot t ing  compound 
Wire, e lec .  
Wire, magnet 
Lubricant 

Valve,  bleed,  hydraulic 
0-rine - A G  
Barre l  & pis ton  

O-ring 
Ring,  -backup 
Pis ton  -1, bcckup 

Ring,  backup 
Omniseal,  backup 

Ring,  guide 
Valve, Np 

Ring, backup 
Ring, packing 

Ring,  gasket 

Ring,  backup 
O-ring,  end  cap 

O-ring 
O-ring 

Return f i l t e r  
O-ring 

O-ring 
R i m .  backuD 

Valve,-i.P. r e i i e f  
O-ring  gasket 
O-ring  gasket 

Material  

" 

" 

Teflon,   heat   shr ink 
Teflon (C b lk  impreg: 
Petroleum  base 

" 

Synthetic  rubber 
Teflon TFE 
Synthetic  rubber 

Teflon 
Epoxy r e s i n  
Teflon FEP insu l .  

Dia l ly l   ph tha la te  
Epoxy 
Teflon FEP insu l .  
Teflon FEP insu l .  
S i l icone  oil 

Synthetic  rubber 

" 

" 

" 

" 

Synthetic  rubber 
Teflon TFE,  25% g a  
Teflon TFE,  25% g l s  
Teflon TFE,  25% glasr 
Teflon WE, 25% g h !  
Teflon TFE,  25% gtesS 

Teflon TFE 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
reflon WE, 25% glass 
Synthetic  rubber 
Synthetic  rubber 

Synthetic  rubber 
reflon TFE 
reflon TFE 
Synthetic  rubber 

Synthetic  rubber 
reflon TFE 

Synthetic  rubber 
Synthetic  rubber 

" 

" 

" 

" 

" 

T 
Gammn E 

Predicte 

1. 5x109 

(ergs 

1. 5x109 

x1 

X 1  

iromnent 

Colerancs 
m(c)) 

" 

3x106 
3x106 

3x106 
5x108 

7x106 
7x106 

(1x108) 

lXlOl0 
(7x1@ 
1x10 * 
(1x108) 
(2x1010) 
(1x109) 

(2x1010) 
(2x1010) 
(1x109) 
(1x109) 

(1.~109) 

iX109 
iX109 
(1x1010) 
5x109 
5x109 
lx l010  
1 x 1 0 ~ 0  

(1x101 ) 
(1x109) 
iX109 
(1x1010) 
iX109 
1.~109 
1x109 
1x109 
( 7x106) 
( 7 ~ 1 8 ~ )  
1x10 
lX109 
lX109 

1x109 
lX109 
lX109 

* 

(8x108) * 
7x106 

* 
( 7x106b 

( 7x106) 

Spec i f ica t ion  o r  Vendor 

PIN R11659; Res is tof lex  
MIL-H-5606A 

MIL-P-5516 
AMs 3651 
MIL-P-25732 
P/N 134-FT; Rosemount Engr. Co. 

P/N 3201-0101  and  -0102; Servionic Div. 
MIL-"14; type SDG 
Emerson & C u m i n g ,  Inc.  

MIL-P-25732 o r  MIL-R-25897 
P/N 5630087-M1; Parker  Hannifin 

MIL-P-25732 
Fluorocomp  105 
Fluorocomp  105 
Fluorocomp  105 
Fluorocomp  105 
Fluorocomp  105 

MIL-P-25732 

MIL-P-25732 
MIL-P-25732 

Fluorocomp  105 
MIL-P-25732 
MIL-P-25732 

MIL-P-25732 

MIL-P-25732 

MIL-P-25732 

MIL-P-25732 
MIL-P-25732 



Par t  Number 

5631973 

MS28774 
5631696 

5631696 
5631696 

MS28774 
5631696 
5631696 
5631696 
5631696 
5631924 

5631754 
5631659 

MS28774 
5631696 

5631696 
M528774 
5631668 
5631671 

" 

" 

5631678 
" 

5631696 
5631696 
5631696 
MS28774 
5631754 

56932.08 
5631696 

5693207 

V7-580230 
MC266B 
MS9058 

ME449-0009 

" 

-- 
" 

" 

" 

ME281-0009 
57640 
57700 
5622 

" 

" 

Subsystem 

Pump Assy 

Table 7-3 (cont'd) 

RADIATION  SENSITIVE  CWONENTS - S-I1 ENGINE ACTUATION SYSTPI, HYDRAULIC (V7-580032) 

Component Material  

Valve, H.P. r e l i e f  
O-ring 

Teflon TFF, Ring,  backup 
Synthetic  rubber 

Synthetic  rubber O-ring 
O-ring 
Ring,  backup 
O-ring 
O-ring - gube 
O-ring 
O-ring,  res.  piston 
Ring,  backup 
Switch,  thermal 

Ring, s e a l  
O-ring,  gasket 

Ring,  backup 
O-ring 

O-ring 
Rins.  backuo 

Synthetic  rubber 
Teflon TFE 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Synthetic  rubber 
Teflon WE, 25% glas 
N /A 
Synthetic  rubber 
Teflon TFE 
Synthetic  rubber 
Teflon TFE 
Synthetic  rubber 
Teflon TFE 

P i 1 Z  valve' ass 
Gasket.  c'onntctor I Teflon.  Viton A 
SleevGtg 

Si l icone   g lass  lamin Washer,insulation 

S i l i cokrubbe r  
Potting compound N/A 

Tape, insu la t ion  Teflon TFE 

Varnish,  insul. Polyimide 
Insu la t ion ,  wire Teflon FEP 

O-ring 
O-ring 

Synthetic  rubber 

O-ring 
Synthetic  rubber 

Ring,  backup 
Synthetic  rubber 
Teflon TFE 

O-ring 
O-ring,  gasket 

Quad-ring 

Synthetic  rubber 

Ring,  backup 

Synthetic  rubber 

Teflon TFE 
Buna-N 

'acking 
Ling, backup 
lacking 

Synthetic  rubber 
Teflon TFE 
Synthetic  rubber 

" 

;ensor.  temperature 
Element support 
Potting 

Teflon 

Wire, elec. 
Epoxy r e s i n  

Iain P + 
Teflon  insul. 

o - r z s  (various) 
Gasket.  flange 

Viton A 
Asbestos C NBR 

" 

" 

Solenoid - 
Pot t ing  c-pund 

Si l icone  rubber  Sleeving 
Si l icone  rubber  

" 

I n s u l a t i o n ,   c o i l  Teflon 

T 
Garmna Er 

(ergs/  
?redicted 

1. 5x109 

1.5 .09 

Lromnent 
Spec i f i ca t ion   o r  Vendor 

iX109 
1x109 
(1x1010) 

lX109 

lX109 

N/A 

7x106 

(7x116) 
1x10 
( 7x106) 

(7x106) 
iX109 

(2x109) 

(2x1011) 
(2x107) 
1x109 
1 x 1 0 ~ 0  
lX109 
lX109 
lX109 
( 7x106) 

1x10 

( 7x106) 

7x106 

7x106 

(1x189) 

1x109 

1 x 1 0 ~ 0  

1x1010 

(2x101 ) 

* 
( 7x106& 

lXl0 

5x109 
6x109 

( 1 X 1 p  

1x108 
(2x109) 
(2x109) 
1x108 

MIL-P-25732 
MIL-P-25732 
Fluorocomp  105 

MIL-P-25732 
AMs 3651 
MIL-P-25732 

MIL-P-25732 

MIL-1-18057 

MIL-P-997 
MIL-T-22742 
MIL-W-l6878/4A 
MIL-1-002707; DC997 
MIL-P-25732 
MIL-P-25732 
MIL-P-25732 

MIL-P-25732 
MIL-P-25732 
MIL-P-25732 
AMs 3651 

Hysol RTV 

MIL-P-5516 
AMs 3651 
NAS 1593 
P/N 134FT; Rosemount Engr. Co. 

P/N 57177; Abex Corp. 
MIL-R-25897, Class 1 
Armstrong Accopac, Type AN 859 
Rocker Solenoid Co. 
Dow Corning RTV 881 

No. 60 tape; 3M 

1 

+ Detai led  par ts  breakdown not  received. 
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P a r t  Number 

V7-580228 
MC266B 

ME449-0043 
080-42502 

" 

" 

" 

" 

" 

ME287-0004 
V7-580252 

ME284-0102 

Subsystem 

Servoactuator A: 

Table 7-3 (cont'd) 

RADIATION  SENSITIVE  COXPOXENTS - S - I 1  ENGINE  ACTUATION SYSTPI, HYDRAULIC (V7-580032) 

Component 

Y 
Packing 
D-ring 
%P Transducer 

Insu la t ion ,   e lec .  
Pot t ing  compound 
Wire, elec. 
Wire, magnet 
Lubricant 

Servoactuator Assy 

Valve,  bleed 
Servoactuator 

O-ring 

Material  

Synthetic  rubber 
jynthetic  rubber 

l i a l ly l   pHtha la t e  
spoxy 
reflon 
?olyimide  varnih ina 
; i l i cone  oil 

" 

V R  

Synthetic  rubber 

App li- 
Cri t ica :  

ca t ion  

l- 
G a m m a  El 

(ergs,  
' redictec 

1 . 5 ~ 1 0 ~  

1 . 5 ~ 1 0 ~  

L 

1 
ironment 

S p e c i f i c a t i o n   o r  Vendor 

1x108 

1x10 
MIL-P-5516 

(1~181~) MS28775  (MIL-P-25732) 
1 ~ 1 0 ~  

PIN 010-50485; Moog Servo-controls N /R 
N/R 

DC-510, Dow Corning 8x108 
du Pont ML l x l 0 l o  

1x108 
S tycas t  2651; Emerson & Cuming, Inc. (2x1010) 
MIL-"14, type SDG 2x1010 
P/N 2131-0701; Servonic Div. 

lx109 MIL-P-25732 
1x109 

L 



Table 7-4 gives t h e  modifications recommended to   achieve a 

radiat ion  tolerance level of 5 x 10 ergs/gm(C). 9 

7.1.4 Radiation  Hardening  Analysis 

7.1.4.1 Hydraulic System  Assembly 

The general  assembly (V7-580033) inc ludes ,   in   addi t ion   to  

the  major  subsystems  discussed  below, t h e  hose  assemblies (V7- 

580243) and t h e  hydraul ic   f lu id  (MIL-H-5606A). 

The hose  assemblies  specified by ME271-0030 are fabricated 

w i t h  a seamless i n n e r   l i n e r  of Teflon  impregnated w i t h  carbon 

black  throughout t h e  wall thickness .   Inter layers  may be  used 

between t h e  Teflon and t h e  outer  steel  reinforcing  braids .  The 

outer  Teflon sleeve, when used, i s  no t   cons ide red   c r i t i ca l   t o  

the  appl icat ion.  The recommended radiat ion  tolerance,  3 x 10 6 

ergs/gm(C), f o r  these hoses i s  based upon r ad ia t ion   e f f ec t s  

tests of similar hoses  (Ref. 5 ,  p. 151) i n  which fai lures   occurred 

a t  exposures of 1 x 10 ergs/gm(C) w i t h  t h e  hoses  intermittently 7 

pressurized  during  i r radiat ion.   Since t h e  recommended rad ia t ion  

tolerance is  f a r  below t h e  predicted  environment, i t  is  recommended 

t h a t  t h e  hydraulic  system components be  connected w i t h  welded 

aluminum or  steel l ines  containing  expansion  joints and  bellows 

to   p rovide  t h e  nonrigidi ty   required  for   vibrat ion and  thermal 

e f f ec t s .  Where possible ,  t h e  l ines  should  be  attached  securely 

t o  t h e  v e h i c l e   s t r u c t u r e   t o  minimize  flexure  and  subsequent 

f a i lu re .  
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Subsystem 

Hydraulic  System A! 

Hydraulic Accumulal 

Pump Assy 

Servoactuator Assy 

Pa r t  Number 

Table 7-4 

RECONMENDED  MODIFICATIONS - S-I1 ENGINE  ACTUATION SYSTEM, HYDRAULIC 

V7-580243 
ME271-0030 

" 

MS9058 (Typ) 
5631696 (Typ) 
5651063 (Typ) 
5631659 

5631754 
5631671 

" 

" 

MS9058 

" 

" 

57700 
57640 (Typ) 

" 

" 

" 

080-42502 (Typ) 

DC-510 
" 

*Use welded metal tube. 

~~ ~ ~ 

Application 

Hose 
Sleeve 

Hydraulic  f luid 

Ring,  backup 

S ea1 , backup 
O-ring 

Sea l ,   r ing  
Sleeving 
Tape, insu la t ion  
Wire, e lec .  

Gasket,  connector 
Gasket,  ring 

Pot t ing  

Ring, backup 

Wire, e lec .  
Element  support 

Gasket , f lange  
O-ring 

Pot t ing  compound 

Sleeving 
I n s u l a t i o n ,   c o i l  

O-ring 
Wire, elec.  
Lubricant 

Assigned 

Modification 
Category  of 

Not c r i t i c a l  
Required 
Required 

Not c r i t i c a l  

Desired 
Desired 

Required 
Not c r i t i c a l  
Not c r i t i c a l  
Desired 
Desired 
Not c r i t i c a l  
Not c r i t i c a l  

Required 

Not c r i t i c a l  
Not c r i t i c a l  

Desired 
Desired 
Desired 
Required 
Not c r i t i c a l  

Required 
Required 
Required 

As  Designed 

Material  (ergs/gm(c)) 
Tolerance 

I 

Teflon 

5x108 Petroleum  base 
3x106 Teflon TFE 
1x108 

Teflon TFE 

2 x 1 ~ 9  Si l icone  rubber  
7x106 Teflon TFE 
5x109 T e f l o n ,   g l a s s   f i l l e d  
1x109 Buna N 
7x106 

7x106 
1x109 
1x109 
7x106 

Teflon TFE 
Teflon FEP insu l .  
Buna N 
Teflon T F E  
Unknown 

Teflon TFE 

Teflon TFE insu l .  
Teflon 

Asbestos & NBR 
Viton A 

Teflon 
Si l icone  rubber  

Si l icone  rubber  

Buna N 
Teflon 
S i l i c o n e   o i l  

" 

7x106 
7x106 
1x108 
6x109 
5x109 
2x109 

2x109 
1x108 

1x108 
lX109 

8x108 

Recommended 
Modifiec 

Material  

Metal* 
Polyimide 

Oronite 8515 

Mylar 
Polyimide 
Kynar 
Kynar 
Polyimide 

Polyimide 
Polyimide 

Kynar 
Kynar 
EPOXY 

Kynar 
Ceramic 
Polyimide 
Polyimide 
Kynar 
EPOXY 
Polyimide 
Polyimide 

Polyimide 

S i l i c o n e   o i l  (DC-710) 
Polyimide 

Lerps/gm(Cl 
Tolerance 

lxl010 
" 

5x109 

l X l O l 0  10  
2x10 
3x1010 
3x1010 
3x1010 
lxl010 
1 x 1 0 ~ 0  

2x1010 

3 ~ 1 0 ~ 0  
3x1010 

3x1010 
" 

2x1010 
1 x 1 0 ~ 0  

2x1010 
lxl010 

3x1010 

3x1010 

2x1010 
1 x 1 0 ~ 0  
1 x 1 0 ~ 0  



MIL-H-5606A type  hydraul ic   f luid i s  r e l a t i v e l y   r a d i a t i o n  

sens i t i ve ;   t he  recommended radiat ion  tolerance i s  5 x lo8 ergs/gm(C). 

The earliest indicat ions  of   radiat ion damage are changes i n   v i s -  

cosity,  gassing  (decomposition  products),  and  increases  in  oxida- 

t ion  corrosion.   This   f luid,   whi le   probably  sat isfactory  for  a 

s ing le  RNS mission, i s  not   considered  sui table   for  a 10-mission 

l i f e .  A poss ib l e   subs t i t u t e   f l u id   o f   t he  MIL-H-8446 type, 

Oronite  8515, has a recommended tolerance of 5 x lo9 ergs/gm(C) 

However, more recent ly   developed  f luids   for  which l i t t l e  o r  no 

rad ia t ion   e f fec ts   da ta  are available  might  provide  greater  radia- 

t i o n   s t a b i l i t y   b u t   p o s s i b l y  a t  t h e  expense  of  redesigning  the 

system components to  be  compatible w i t h  t h e  f lu id .   In  any  event, 

i t  seems t h a t  a sa t i s fac tory   f lu id   can   be   se lec ted ,   bu t   fur ther  

experimentation is  r equ i r ed ,   pa r t i cu la r ly   i n   r ega rds   t o   t he  forma- 

t ion  of  corrosive  products t h a t  would  produce  long-term  degrada- 

t ion  of  t h e  system. The system  should  be  modified t o  incorporate 

a bleed valve i n  t h e  reservoi r   to   vent ,  upon command, t h e  

gaseous radiolytic  products.   Consideration  should  also  be  given 

t o  a system i n  which th.e f luid  could  be  drained and replaced- as 

part   of  the  periodic  maintenance. 

7.1.4.2 Hydraulic  Accumulator 

The  ME282-0028 combination  accumulator-reservoir  manifold 

assembly (ARMA) is  a Type 11, Class 3500 hydraulic  system com- 

ponent as def ined  in   Specif icat ion MIL-H-8775.  The main  components 
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are t h e  accumulator,  reservoir,  high-  and  low-pressure f i l ters ,  

lock-up valve, bypass valve, and  thermal  switch.  pressure, 

temperature,  and  position  transducers  and a bleed valve are added 

t o  t h e  basic  commercial p a r t  as s p e c i f i e d   i n  Drawing V7-500229. 

O f  t h e  transducers,  information was not   received  for  t h e  follow- 

ing : 

ME478-0004 t ransmi t te r ,   l inear   pos i t ion  (G. L. Coll ins  
Corp ) 

ME44900042 transducer,   absolute  pressure,   potentiometric 
(vendor unknown) 

The ME449-0042 transducer i s  probably similar t o  t h e  ME449-0043 

t r ansduce r   l i s t ed  under the  servoactuator  assembly. The pis ton 

posi t ion  t ransmit ter  i s  for  data  instrumentation  and,therefore,  

i s  no t   cons ide red   c r i t i ca l   t o  t h e  RNS mission.  Radiation  harden- 

ing would  proceed i n  a manner similar t o  t h a t  in   Table  7-4. 

The high-  and  low-pressure f i l t e r  elements (MIL-F-8815) 

contain wire mesh f i l t e r  media,  welded  end  caps,  and  dual 0- 

r ings.  The lock-up valves are normally  open,  spring-return 

solenoid valves . 
Of t h e  organic materials used i n   t h e  ARMA, only t h e  Teflon 

TFE is  considered c r i t i ca l  a t  the  predicted  dose  of 6 x 10 8 

ergs/gm(C) . Replacement  of t h e  Teflon  and  other  organics, as 

indicated  in   Table  7-4, r e s u l t s   i n  a subsystem with a recommended 

radiation  tolerance  of 1 X l o l o  ergs/gm(C). 



7.1.4.3 Pump Assembly 

A de t a i l ed   pa r t s  breakdown w a s  not   received  for  t h e  

ME281-0009 var iable-del ivery  hydraul ic  pump (Abex Corp.; P/N 

57177). The main  components  of t he  subassembly are t h e  pump, 

high-pressure  check valve, case-drain  check valve, f i l t e r ,  and 

solenoid valve. Vendor information states t h a t  t h e  only non- 

metallics used i n   t h e  pump are various  Viton A O-rings, t h e  

f lange  gasket,  and solenoid materials as l i s t e d   i n  Table  7-3. 

A b a r r i e r  i s  provided  to   thermally  isolate  t h e  subassembly 

and  provide  protection  for t h e  pump sha f t  seal area from t h e  heat 

of t h e  LOX pump exhaust  gases. An ME449-0009 temperature  sensor 

i s  added t o  t h e  basic  pump uni t .  

The recommended radiat ion  tolerance of the  hydraul ic  pump, 

7 x 10 ergs/gm(C), i s  w e l l  below t h e  predicted  radiation  dose 

of  1.5 x 10 ergs/gm(C) . This  low level i s  based on a Teflon 

6 

9 

TFE r ing   u sed   i n   t he  pump o u t l e t   l i n e .  The next  lowest  radia- 

t ion   to le rance  i s  for  Teflon  used as w i r e  insulat ion.  The 

material subs t i tu t ions   ind ica ted   in   Table  7-4 increase  the 

recommended l i m i t  t o  1 x 10" ergs/gm(C). 

7.1.4.4 Servoactuator Assembly 

Drawings and pa r t s   da t a  were not   received  for  t h e  servo- 

actuator  assembly (Moog Servocontrols; P/N 010-50485). However, 

the  Specif icat ion  Control  Drawing, MC287-0004, f o r  t h i s  f l i g h t -  

c r i t i c a l  component indicates:  
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The actuator  i s  of t h e  linear,  double-acting,  equal- 
area type conforming t o  MIL-H-8775. 

The actuator   includes  the  fol lowing components: 

a. Sewovalve 
b. Hydraulic  lock valve 
c.  Cylinder  bypass valve 
d. P r e f i l t e r a t i o n  bypass valve 
e. F i l t e r  
f .  Piston  bypass valve 
g. Actuator  piston 
h. Feedback  potentiometer 
i. Actuator body 
j .  Seal p l a t e  assembly 

All O-ring  packings  and  gaskets  conform t o  MIL-P-25732 
(e.g., Buna N) o r  MIL-R-25897 (Viton A). The least 
r ad ia t ion   s t ab le  of these,  Buna N,  has a rad ia t ion  
tolerance  of 1 x 109 ergs/gm(c). 

Spring-loaded  Teflon  scraper  rings may b e   u t i l i z e d   i n  
l i eu   o f   Spec i f ica t ion  MIL-S-5049 types. 

Teflon  capped  O-ring seals may be   u t i l i zed ;   the  
to le rance   for  t h i s  appl icat ion i s  7 x l o6  ergs/gm(C). 

A re inforced   bear ing   l iner   o f   po ly te t ra f luoroe thylene  
(e.g.,  Teflon TFE)  may be  used  in  l ieu  of  dry-fi lm 
bearing  lubricant  on the   ac tua tor  end bearings. 

E l e c t r i c a l  w i r e  i s  spec i f ied  by MIL-W-1687.8/4, which 
FEP insu la t ion  w i t h  a radiat ion  tolerance 
ergs/gm(C). 

Based on t h i s  information, t h e  recommended rad ia t ion  

tolerance  of   the  servoactuator  i s  no higher  than 1 x lo9  ergs/gm(C) 

and could  be as low as 7 x 10 ergs/gm(C) i f  Teflon TFE seals 

are used. L t  w i l l  therefore  be  required  to  perform a fur ther  

analysis   of   this   assembly  i f  it is  t o  be employed f o r  RNS appl i -  

cat ions.  The tolerance  of t h e  V7-580228 servoactuator  assembly 

6 
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given i n  Table 7-3, 1 x 10 ergs/@((=), is based on the  use of 

Teflon TFE e lec t r ica l   insu la t ion  i n  the   d i f fe ren t ia l   p ressure  

transducer. 

8 
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7.2 Propellant  Feed  System 

7.2.1  Description  and  Location 

The S - I 1  s tage   p ropel lan t   sys tem i s  composed o f   i n t eg ra l  

LOX/M2 t anks ,   p rope l l an t   l i nes ,   con t ro l  valves, vents,   and  pre- 

pressurizat ion  subsystems.  The system  provides 80 lb/sec  of  L% 

a t  88 ps ig .  The a n a l y s i s   i n   t h i s   s e c t i o n  i s  based  on Drawing 

V7-480002, System  Ins ta l la t ion  - Propellant  Feed,  and  includes 

l i n e  and   preva lve   ins ta l la t ions   for   engine   feed   and   l ines   and  

valves f o r  f i l l  and  drain.  The assumed loca t ions   o f   these  com- 

ponents are shown i n   F i g u r e  7-2. 

7.2.2 Summary 

Based  upon the   ana lyses   p resented   in   Sec t ion   7 .2 .4 ,  it i s  

be l i eved   t ha t  each of   the  major  components  and  subsystems  of t h e  

propel lan t   feed   sys tem  can   be   rad ia t ion   hardened   to  a level of 

a t  least 8 x 10  ergs/gm(C). T h i s  i s  about a f a c t o r   o f   t e n  

higher   than t h e  predicted  requirement .   Table  7-5 summarizes t h e  

9 

predicted  nuclear   environment   and  the recommended r a d i a t i o n  

tolerances  of  both  the  basic  system  and  the  modified  configura- 

tion  of  each  subsystem. The recommended modif icat ions are d i s -  

cussed   i n   Sec t ion  7.2.4. 

7 . 2 . 3  System Breakdown and Recommended Modifications 

Rad ia t ion   s ens i t i ve  materials and t h e i r   a p p l i c a t i o n s   i d e n t i -  

f i ed   i n   t he   examina t ion  of  drawings ,   spec i f ica t ions ,   and   par t  

l i s t s  are given  in   Table  7-6 a long   wi th   the  recommended r a d i a t i o n  
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1 x lo6 erg/gm(C)-h (unattenuated) 

L 
1.5 x 10 6 

1 x 10 7 

1.5 x 10 

Line  Ins  t l ,  LH2 (V7-480006) 

Prevalve (V7-480700) 

Line  Assy (ME271-0011) 

Figure 7-2 Assumed Location of (S-11) Propel lan t  
Feed  System Components 
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Table 7-5 
RADIATION HARDENING SUMMARY - S - I 1  PROPELLANT  FEED SYSTEM 

Subsystem 

LH2 l i n e   i n s t l  

LOX l i n e   i n s t l  

F i l l  & d r a i n   i n s t l  

~ ~~~ 

Drawing 
Number 

V7-480006 

V7-480005 

V7-480008 

Predic ted  
Gamma 

A s  Modified A s  Designed (ergs/gm(C>) 

Recommended Tolerance 
Environment (ergs/gm(C> 1 

7x108 8x10' 1x108 

! 



Table 7-6 

RADIATION  SENSITIVE  COMPONENTS - S-I1 PROPELLANT  FEED SYSTEM (V7-480002) 

Pa r t  Number 

V7-480006 
ME261-0003 

ME261-0011 
" 

" 

" 

V7-480700 
V7-480485 
V7-480713 
V7-480715 
V7-480738 
V7-480742 
V7-480721 
V7-480722 
V7-480727 
MS29512 
MS29513 
ME261-0036 
V7-480607 
V7-480716 
V7-480717 
V7-480718 
V7-480723 
V7-480547 
V7-480546 
MS29512 
V7-480640 
V7-480394 
V7-480322 

" 

V7-480005 
ME271-0010 

ME261-0003 
ME261-0036 

V7-480302 
V7-480500 

V7-480391 
V7-480411 

V7-480531 
V7-480485 

E29512 
V7-480614 

MS29513 
ME261-0028 
ME261-0036 
V7-480660 
v7-480473 
V7-480607 
V7-480623 

" 

Subsystem 

i n e   I n s t l ,  Engil 

, ine   Ins t l ,   Engi~  

Component 

Feed, LH7 (Typica l l  
'ace  coated  seal  
:ape 
, ine Amy 

O-ring 
Mount, r e s i l i a n t  

Lipseal 
Sea l  

Seal 
Seal,  check 
Lipseal 
Bearing 
Bearing 

Packing 
Bearing 

Packing 
Sea l  
Bearing 
Bearing 
Bearing 
Bearing 
Bumper 

'revolve 

Valve - 
Seal.  body 
Packing - 

Indica tor  

Washer 
Spacer 

Pot t ing  Compound 

Feed, LOX (Typical). 
. h e  Assy 

O-ring 
:ace  coated  seal 
ieal 
?revalve 

Sea l  
Lipseal 
Lock element,  seat 
Lipseal 
Lipsea l  
Seal ,   p is ton 

Face  coated seal 
Sea l  
Lipseal 
Bushing 
Bearing 
Bearing 

Material 

Peflon  coated 
Peflon TFE 

(el-F 
Silicone  rubber 

!iylar 
Yylar 
dylar 
3ylar 
Kel-F 
<el-F 

Kel-F 
Synthetic  rubber 
Synthetic  rubber 
Teflon TFE jacke t  
Teflon FEP 
Teflon FEP 
Teflon FEP 
Teflon FEP 
Teflon FEP 

Viton A 
Synthetic  rubber 

Teflon FEP 

Polyurethane 

" 

" 

" 

Kel-F 

" 

" 

Kel-F 

" 

" 

Kel-F 
Teflon  coated 
Teflon TFE jacke t  

Mylar 
Mylar 
Nylon 
Mylar 
Mylar 
Mylar 
Synthetic  rubber 
Synthetic  rubber 
Teflon  coated 
Teflon TFE jacke t  

Teflon FEP 
Teflon FEP 
Teflon FEP 

" 

Kel-F 

Cr i t ica :  
Appli- 
ca t ion  

Garmna Er 
(ergs/ 

' redicted 

6 ~ 1 0 ~  

6x10' 
7x108 

7x108 
7x108 
7x10' 
6x108 

6r 

6x10' 
6x108 
7x108 
7x108 
7x108 
6x108 

6x10' 

1 
Lronment 

'olerance 

1x103 
1x108 NAVAN; TFE & FEP per VAO621-003 
(2x107) MIL-T-23594, type I 

lx109 PIN 35037; Sols r  
( 2 x 1 ~ ) ~ )  PIN SCE90850; Barry  Controls 

6x109 MB 0130-060, Type D7.5 
6x109 MB 0130-060, Type  D7.5 

6x109 MB 0130-060, Type A-10 
6x109 

MB 0130-053 lx109 

MB 0130-060, Type A-10 

1 (C) 1 Speci f ica t ion  or Vendor 

1x109 

1x108 

iX109 
AMS 3650 ~ 0 9  
AMS 3650 

AMS 3650 1x109 
(6x10') 

MIL-P-5315 ( 6 ~ 1 0 ~ )  
MIL-P-5315 

TEC Sea l  Corp. 1x108 
7x108 MB 0130-052 
7x108 I 
7x108 
7x108 
(lx109) 
6x109 

MB 0130-052 

SR277-70; St i l lman  Seal  6x109 
( 6 ~ 1 0 ~ )  MIL-P-5315 * 

7x108 
(lx109) 
6x109 

MB 0130-052 

SR277-70; St i l lman  Seal  6x109 
( 6 ~ 1 0 ~ )  MIL-P-5315 * 
(1x109) MB 0130-052 

(3xlO9& MB 0120-024 (1x101 ) 
ME 0130-053 

1x108 

lX109 
1x10' 

NAVAN 1x108 

PIN 36371; Solar 

1x108 
6x109 
6x109 
3x109 
6x109 
6x109 

6x10' 
6x109 

6x109 

1x108 
1x108 

1x109 
7x10' 
7x10' 
7x10' 

ME 0130-060, Type A-10 

NYLOK locking  element 
MB 0130-060 
MB 0130-060, Type D-7.5 
MB 0130-060, Type A-10 
MIL-P-5315 
MIL.-P-5315 

TEC Seal  Corp. 
MB 0130-053 
ME 0130-052 
ME 0130-052 
MB 0130-052 



Par t  Number 

V7-480651 
V7-480308 
V7-480547 
V7-480546 
V7-480370 
ME444-0054 

" 

ME261-0003 
V7-480008 

V7-480450 
V7-480391 

V7-480474 
V7-480453 

MS29512 
V7-480614 

ME261-0028 
V7-480743 
ME261-0036 
V7-480492 

ME261-0027 
V7-480607 

V7-480643 
V7-480731 
V7-480732 
V7-480485 
V7-480594 
V7-480590 
V7-480640 
V7-480394 
V7-480322 

Subsystem 

i n e   I n s t l ,   F i l l  

Table 7-6 

RADIATION  SENSITIVE  COHPONENTS - S-I1 PROPELLANT FEED SYSTEM (V7-480002) (cont'd) 

Component 

Bearing 

Valve 
Bushing 

B o d y ,   s e a l  
Ind ica tor  

Wire, e l e c t r i c a l  
Clamp , cable  

td Drain, LOX and LH2 
'ace coated seal 
@ 

Lipsea l  
Lipsea l  
Ring 
Sea l  
Packing 
Sea l  
Lipseal ,   gate  
Sea l  
Spacer 

Face  coated seal 
Bearing 

Bearing 
Retainer 
Retainer 
Lipsea l  
Valve 

Body, seal 
Indica tor  

Washer 
Spacer 

Pot t ing  compound 

Material 

Teflon FEP 
Teflon FEP 

Viton A 

Teflon FEP insu l .  
Teflon 

" 

" 

Teflon  coated 

Mylar 
Mylar 
Teflon FEP 
Mylar 
Synthetic  rubber 

Kel-F 
Teflon  coated 

Teflon TFE jacke t  
Teflon, 25% asbesto 
Teflon FEP 
Teflon  coated 
Kel-F 
Nylon 
Nylon 
Mylar 

Viton A 

Teflon FEP 
Kel-F 
Polyurethane 

" 

" 

" 

T 
Gauana Er 

(ergs1 
'redicted 

6x108 

6x108 

6x108 
6x108 
4x108 

4x108 
6x108 
6x108 
6x108 

Lronment 
n(C) 1 
Zolerance 

7x108 
7x108 
6x109 
6x109 * 
(lX109) 
(1x108) 

1x108 
1x108 
1x10s 
6x109 
6x109 
7x108 
6x109 
(6x10') 
1x108 
1x109 
l.xlo9 
(lxloq 

1x108 
1x109 
(3x109) 
(3x109) 
6x109 
6x109 
6x109 

7x108 

* 
(1x109) 

(1x101 ) 
(3xlO9h 

Spec i f i ca t ion   o r  Vendor 

IB 0130-052 
IB 0110-052 

iR277-70; S t i l lman   Sea l  

IIL-W-l6878/4A 

NAVAN 

IB 0130-060, Type D-7.5 
IB 0130-060, Type D-7.5 
IB 0130-052 
4B 0130-060 
IIL-P-5315 

IB 0130-053 

IB 0130-052 

LMS 3650 
? n o K  
X L O K  
dB 0130-060 

3RZ77-70; S t i l lman Rubber 

16 0130-052 
4B 0130-053 
4B 0120-024 



to le rance   for   each   appl ica t ion   and   the  

ment.  Table 7-7 gives  t h e  recommended 
9 r e s u l t   i n  a to l e rance   l eve l   o f  8 x 10 

predic ted   nuc lear   envi ron-  

modifications  which  should 

ergs/gm(C) 

7.2.4  Radiation  Hardening  Analysis 

7.2.4.1 LH2 L i n e   I n s t a l l a t i o n  

The LH2 l i n e   i n s t a l l a t i o n s ,  of which  Drawing V7-480066 i s  

typical ,   includes  the  prevalves ,   the   vacuum-jacketed  8- in .   l ine  

ex tending   f rom  the   t ank   to   the   engine   ins ta l la t ion ,   and  t h e  

support ing  brackets   and  f ixtures .  All-metal seals (ME261-0033) 

as w e l l  as t h e  Teflon-coated ME261-0003 seals are used   i n   t he  

assembly. The ME261-0011 type   l ine   assembl ies  employ  Kel-F 0- 

r ings .  The replacenent  of t h e  coated seals and t h e  O-rings w i t h  

more r a d i a t i o n   r e s i s t a n t  materials o r  all-metal seals w i l l  r e a d i l y  

harden t h e  l i n e s   t o   t h e  RNS requirements. The r e s i l i a n t  mounts 

and   Tef lon   tape ,   whi le   no t   cons idered   to   be   c r i t i ca l  items, can 

eas i ly   be   rad ia t ion   hardened .  A vacuum service valve (similar 

t o  Cryolab P/N SVL-84-FX o r  SV14-84-SE2) and  thermocouples  (for 

checking  the vacuum i n  t h e  jacket) are provided. However, they 

have not  been  analyzed  since  they would not   be a requirement  in 

t h e  space  environment. 

The V7-480700 propel lan t   p reva lve  was superseded by t h e  

ME284-0358 valve in  products  16  and  subsequent. However, a de- 

t a i l e d   p a r t s  breakdown w a s  no t   r ece ived   fo r   t he  l a t te r  valve 

(Parker  Hannifin; P/N 5670024-102) so  the  information  in   Table  7-6 
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Subsystem I Par t  Number 

Line I n s t l ,  L H ~  ( t y i )  
I ME261-0003 

" 

" 

" 

V7-480742 
V7-480721 (typ) 
ME261-0036 
V7-480607 (typ) 
V7-480394 

Line I n s t l ,  M X  ( t y j )  
" 

ME261-0003 (typ) 
ME261-0036 
V7-480411 
V7-480660 
V7-480607 (typ) 

" 

Line I n s t l ,   F i l l  and Drain 

1 ME261-0003 (typ) 
V7-480474 
V7-480743 
ME261-0036 
V7-480607 
V7-480643 
V7-480394 

Table 7-7 
RECObDENDED  MODIFICATIONS - S-I I  PROPELIANT  FEED SYSTEM 

Application 

Sea l  
Tape 
O-ring 
Mount, r e s i l i a n t  
Lipseal 

Seal 
Bearing 

Bearing 
Spacer 

O-ring 
Seal 
Seal 
Lock element,   seat  
Lipseal 
Bearing/bushing 
Insulat ion,   wire  
Clamp, cable 

Seal 
Ring 
Lipseal 
Sea l  
Bearing 

Spacer 
Bearing 

Category  of 
Assigned 

Modification 

Required 
Not c r i t i c a l  
Des'ired 
Not c r i t i c a l  
Desired 
Desired 

Desired 
Required 

Not c r i t i c a l  

Desired 
Required 

Desired 
Required 

Desired 
Desired 
Not c r i t i c a l  
Not c r i t i c a l  

Required 

Desired 
Desired 

Desired 
Required 

Not c r i t i c a l  
Desired 

Material  

Teflon  coated 

Kel-F 
Teflon TFE 

Kel-F 
Silicone  rubber 

Ke 1 -F 
Teflon TFE 
Teflon FEP 
Teflon FEP 

Kel-F 
Teflon  coated 
Teflon TFE 
Nylon 
Kel-F 
Teflon FEP 
Teflon FEP 
Teflon 

Teflon  coated 

Kel-F 
Teflon FEP 

Teflon FEP 
Teflon TFE 

Teflon FEP 
Kel-F 

tgned 
Tolerance 

(ergs/an(c)) 

2x107 
1x108 

2x109 
lX109 

lX109 
1x109 
1x108 

~ 0 9  
7x108 

lX109 

1x108 
1x108 

3x10' 
1~10' 
7x108 
lX109 
1x108 

1x108 

1~10' 
1x108 

1x109 
lX109 

7x108 

7x108 

T Modifi 
Recommended 
Material  

Kynar coated>b 
Polyimide 
Kynar 
Polyurethane 
Kynar 
Teflon/glass 
Kynar 
Teflon/glass 
Kynar 

Kynar 
Kynar coated* 
Kynar 
Polyimide 
Kynar 
Teflon/glass 
Polyimide 
Polyimide 

Kynar coatedqc 

Kynar 
Kyna r 

Kynar 
Teflon/glass 
Teflon/glass 
Kynar 

3x1010 

3x10" 
5x10' 
3 ~ 1 0 ' ~  
8x10' 
3x10" 
8x10' 
3x1010 

1 x 1 0 ~ 0  

3 ~ 1 0 ' ~  
3 ~ 1 0 ' ~  
3x1010 
3x1010 
3x1010 
8x10' 

3x10" 
1 x 1 0 ~ 0  

3 ~ 1 0 ' ~  
3x1010 
3x10" 

8x10' 
3x1010 

8x10' 
3x1010 

1 

*Use so f t   me ta l   i f   poss ib l e .  
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i s  based on t h e  V7-480700 valve. A; may be  seen,  with t h e  excep- 

t i o n   o f   t h e  -261-0036 seal (3 required)  having a Teflon TFE 

j a c k e t ,  all materials are r e l a t ive ly   r ad ia t ion   r e s i s t an t .   A l though  

several material s u b s t i t u t i o n s  are des i rab le   (Table  7-7) ,  on ly   the  

seal i s  considered a required  modif icat ion.  The p o s i t i o n   i n d i c a t -  

ing  switches (ME452-0103; Teledyne  Kinetics;  P/N 992-1004)  con- 

t a i n  no organic  materials. 

It i s  be l i eved   t ha t   t he  ME284-0358 valve i s  similar, i f  no t  

i d e n t i c a l   t o ,   t h e  V7-480700 valve. The s p e c i f i c a t i o n  (MC284-0358) 

g ives  t h e  following components : 

1. Valve body with  mounting  provisions 

2 . Pneumatic  actuator 

3. Pos i t i on   i nd ica to r   swi t ches  

4. Closed   pos i t ion   lock   ac tua tor  

5. Relief va lve  

Although  different   organic  materials could  be  used, t h e  materials 

recommended i n  Tpble 7-7 would   apply   to   e i ther  valve. 

With t h e  modi f ica t ions   ind ica ted   in   Table  7-7, t h e   r a d i a t i o n  

tolerance  of   the  basic   subsystem, 1 x lo8 ergs/gm(C),  should  be 

inc reased   t o  8 x 10 ergs/gm(C),  which is  w e l l  in   excess  of t h e  

predicted  exposure of 7 x lo8 ergs/gm(C). 

7.2.4.2 LOX L ine   In s t a l l a t ion  

The RNS w i l l  no t ,   o f   cou r se ,   r equ i r e  a p rope l l an t   ox id i ze r .  

9 

However, it was f e l t  t o   be   wor thwhi l e   t o   i nves t iga t e  t h e  S-I1 LOX 
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feedl ines   to   de te rmine  t h e  organic  materials used. As seen from 

Tables 7-6 and 7-7, t h e  organic  materials used  and t h e  recommended 

s u b s t i t u t i o n s  are n o t   s i g n i f i c a n t l y   d i f f e r e n t  from t h o s e   f o r  t h e  

LH2 l i n e   i n s t a l l a t i o n .  

7.2 -4.3 LOX and LH2 F i l l  and  Drain 

The LOX and LH2 f i l l - a n d - d r a i n   i n s t a l l a t i o n s  are s p e c i f i e d  

by Drawing V7-480008. Information was no t   r ece ived   fo r   t he  

ME271-0012 LOX l ine   a s sembl i e s   (S t a in l e s s  Steel Products;  P/N 

1803735-102 and 1803736-101) bu t   Spec i f i ca t ion  MC271-0012 i n d i -  

cates them t o  have t h e  following  components: 

1. Tubing 

2. Flanges 

3. Bellows j o i n t s  

4. Bosses 

5. Supports  and  saddle clamps 

The bellows  in  joints  exposed  to  f low  media a t  f i l l  flow rates are 

provided w i t h  a n   i n t e r n a l   l i n e r   t o   i s o l a t e   t h e   b e l l o w s   c o n v o l u t e r  

from direct  flow  impingement. The l i n e r  material i s  unknown, 

but   the   spec i f ica t ion   of   "mul t i -p ly"   cons t ruc t ion   ind ica tes  it 

could  be a t  least i n   p a r t   o r g a n i c .   I f  a l i n e  of t h i s   t y p e  were 

to   be   cons ide red   fo r  RNS LH2 app l i ca t ion ,  t h e  l i ne r   shou ld   be  

removed o r   r e p l a c e d   i f   t h e r e  were any p o s s i b i l i t y  of d e t e r i o r a t i o n  

t h a t  would  produce loose material d u r i n g   t a n k   r e f i l l .  
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The only   o ther   o rganic  materials which  might  appear i n   t h e  

l i n e   i n s t a l l a t i o n ,   o t h e r   t h a n   t h e  ME261-0003 seals, would 

apparently  be seals or  O-rings similar t o   t h o s e   u s e d   i n  t h e  feed  

l i n e s .  

The V7-480450 valve ( 8 - i n .   l i n e   s i z e )  i s  used   for   bo th  t h e  

LOX and LH2. I n  t h e  LH2 i n s t a l l a t i o n   t h e  valve is a t tached  

Almost d i r e c t l y   t o  t h e  tank  near  t h e  bottom. On t h e  RNS, t h e  

LH2 f i l l  may be   near   the   forward   end   of   the   vehic le  as proposed 

by NAR ( R e f .  3 ) .  However, t h e  valve could  be  modified as i n d i -  

ca t ed   i n   Tab le  7-7 to   wi ths tand   the   doses   near  t h e  a f t  end of 

t h e   v e h i c l e  i f  such a loca t ion   proved   to   be   mos t   des i rab le .  
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7.3 Pressu r i za t ion  System 

7.3 .1  Description  and  Location 

The S - I 1  s tage   p ressur iza t ion   sys tem (V7-490800)  includes 

many subsystems  perfoming a var ie ty   of   funct ions.   These  sub-  

systems are l o c a t e d   g e n e r a l l y   i n   t h e  areas of  the  forward skirt,  

t h e   a f t  end  of  the LH2 tank,  and  the a f t  skirt.  The subsystems 

examined are a l l  loca t ed  on t h e  a f t  skirt since  comparable  loca- 

t ions   (F ig .  7 - 3 )  on t h e  RNS are assumed; fur ther ,   these   subsys tems 

should   be   representa t ive  of t h e  components  and materials used 

throughout  the  system. The subsystems  for  which  information was 

obtained are: 

V7-490003 - Pressu re   Sys   In s t l  - Externa l ,  LOX Tank 

V7-490004 - Vent  Sys Instl  - Externa l ,  LOX Tank 

V7-490005 - Pressure  Sys  Manifold  Inst l  - LOX and LH2 
Tank 

V7-490008 - Actuation & Checkout  Sys I n s t l  - LOX and LH2 
Tank Pressure  Components 

V7-490052 - Helium Pres su r i za t ion  Sys I n s t l  - LOX Tank 
Ullage 

V7-490990 - Pneumatic  Actuation  Sys  Instl  - Engine  Pro- 
p e l l a n t  Valves 

V7-490830 - Helium I n j e c t i o n  Sys I n s t l  - In-Fl ight  LOX Re-  
c i r c u l a t i o n  

7.3.2 Summary 

Based on the   ana lyses   p re sen ted   i n   Sec t ion  7.3.4,  it is  be- 

l i eved  t h a t  t h e  major  components  and  subsystems of t he   p re s su r i za t ion  
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l x  

1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1.5 x 

2 x  

5 x  

l x  

2 x  

3 x  

5 x  

1.5 x 

10 , erg/gm (C) -h (unattenuated) 6 

Helium Pressure Sys (V7-490052) 
Vent Valve (ME284-0030) 
Line Assy (ME271-0022) 

Pressurization Sys (V7-490003) 

Helium Injection Sys (V7-490830) 

Figure 7-3 Assumed Location of (S-11) Pressurization 
System  Components 
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system are e i the r   u sab le   w i thou t   mod i f i ca t ion   o r   can  be modified 

t o  meet t h e  RNS nuclear  requirement.   Table 7-8 summarizes t h e  

predicted  radiation  environment  and  the recommended r a d i a t i o n  

tolerances  of  the  basic  and  modified  subsystems. The recommended 

modifications,   which are discussed  in   Sect ion  7 .3 .4 ,   should  in= 

crease t h e   r a d i a t i o n   t o l e r a n c e s   t o  a t  least 8 x 10 ergs/gm(C) 

as compared t o  a maximum p r e d i c t e d   r a d i a t i o n  level of 7 x 10 

9 

8 

ergs/gm(C) . 
7 . 3 . 3  System Breakdown and Recommended Modif icat ions 

Rad ia t ion   s ens i t i ve  materials and t h e i r   a p p l i c a t i o n s   i d e n t i -  

f ied  in   the  examinat ion  of   drawings , s p e c i f i c a t i o n s ,   a n d   p a r t  

l i s t s  are given  in   Table  7-9 along  with  the recommended r a d i a t i o n  

to le rance   for   each   appl ica t ion   and   the   p red ic ted   nuc lear   envi ron-  

ment.  Table 7-10 g ives   t he  recommended modif icat ions.  

7.3.4 Radiation  Hardening  Analysis 

7.3.4.1  Pressurization  System, LOX Tank 

The LOX tank  pressurizat ion  system (V7-490003) c o n s i s t s  of 

l i n e s ,   t u b e s ,  a regulator ,   and  mounting  f ixtures .  A number of 

a l l  metal seals (ME261-0033) are used i n   a d d i t i o n   t o   t h e   T e f l o n  

coated seal (ME261-0003). Numerous tubes (V7-490874) having 

all-metal f i t t i n g s  (MS33584 tube, MC124 nut,   and MS20819 sleeve) 

are used, as is  an all-metal f l ex ib l e   hose  (ME271-0017). This 

hose,  which i s  sui table   for   use  in   high-   and  low-pressure  oxygen,  

helium,  and  hydrogen  systems,  consists  of a convoluted metal 
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Table 7-8 

RADIATION  HARDENING SUMMARY - S - I 1  PRESSURIZATION  SYSTEM 

Subsystem 

~ ~~ ~ 

Pressurization, LOX 

Vent, LOX 

Helium press. 

Pneumatic  actuation 

Helium  injection 

Drawing 
Number 

V7-490003 

V7-490004 

V7-490052 

V7-490990 

V7-490830 

Predicted 
Gamma 

Environment 

1x10 8 

1x108 

6x108 

7x10 8 

Recommended  Tolerance 
(ergs/ 

As Designed 

7x106 

7x106 

7x106 

7x10 6 

n(c)) 
As Modified 

3 ~ 1 0 ' ~  

6x10 

1 ~ 1 0 9  

6x10' 

8x10' 



~ ~ 

Part Number 

V7-490003 
ME261-0003 
V7-490965 
~ ~ 2 8 4 - 0 1 6 1  

ME261-0003 
V7-490004 

ME271-0022 
" 

~ ~ 2 8 4 - 0 0 3 0  

" 

" 

" 

737-93 
737-95 
737-99 

737-64 
737-96 
737-75 

737-135 

737-137 

737-77 
737-136 

737-91 

737-76 
737-15 

737-204 
737-193 

737-51 
737-72 

737-54 
737-55 
737-59 

737-63 
737-24 
737-25 
737-29 
737-21 

737-43 
CMS-101K-2 
737-17 

" 

737-78 

737-85 

738-32 

" 

737-138 

737-18 

" 

' r essur iza t ion  Sj 

'ent  Sys,  Externc 

Table 7-9 

RADIATION SENSITIVE CCNPONENTS - s-11 PRESSURIZATION s y s m ,  L H ~  AND LOX TANKS (v7-490800) 

Component 

, External,  LOX Tank 
Pace coa ted   sea l  
Ieegulator 

Regulator 

, LOX Tank 
:ace coa ted   sea l  

Line a s sy  
O-ring 

{alve,   vent   re l ief ,  7 " ~ n  
Sea l  
Sea l  

Ring 
Bearing 

Bearing 
Sea l  
Sea l  
Sea t  
Sea l  
Bearing 

S t r i p  
Pis ton  r ing 

Sea l  
Gasket 
Gasket 
Bearing 
Gasket 
P is ton   r ing  
Gasket 
Gasket 

Gasket 
Tubing 

Gasket 
Bumper 

Pot t ing  compound 
Sea l  
Sea l  
Seat 
Gasket 
Seal 
Ring 
S t r i p  
Gasket 
Sea l  

Sea t  
Gasket 

Gasket 

Sea l  
Face  coated seal 

Plug 

Material  

Teflon  coated 
" 

N/R 

Teflon  coated 
" 

Kel-F 
" 

N/R 
N/R 

" 

reflon 
r e f lon ,   g l a s s   f i l l e  
l e f l o n ,   g l a s s   f i l l e  
Te f lon ,   g l a s s   f i l l e  
N/R 
{el-F 
{el-F 
Cef lon ,   g lass   f i l l e  
Peflon 
Eel-F 
(el-F 
{el-F 
(el-F 
Cef lon ,   g l a s s   f i l l e  
(el-F 
Peflon 
Cel-F 
[el-F 
Peflon 
Eel-F 
Ceflon, g l a s s   f i l l e  
(el-F 
j i l icone  rubber  
ref lon 
Ceflon g l a s s   f i l l e d  
Ceflon 
:el-F 
Ceflon, g l a s s   f i l l e  
Ceflon, g l a s s   f i l l e  
:el-F 
:el-F 
Ceflon 
lylar A 
lylar D 
:el-F 
lylar A 
:eflon  coated 
I/R 

T 
Gamma E 

(ergs 
Predicte 

:nv 

5x10' 

1x108 

1 08 

1 
Spec i f i ca t ion   o r  Vendor 

NAVAN; TFE and FEP per  VAO621-003 

PIN 5640012; Parker  Hannefin 

See  above 

P/N 41082; Solar  

P/N 738-557; AMETEK/Calmec 
P/N .10057; Raco Engr. 
P/N 10057; Raco Engr. 

Fluorogold 
Fluorogold 
Armalon 406-116 
P/N 10057; Raco Engr. 

Fluorogold 

Fluorogold 

Fluorogold 

Silastic RTV601 

Armalon 410-128 

Fluorogold 
Fluorogold 

?/N 8823-2003-0118; Parker 
? / N  10060; Raco Engr. 



~ ~ 

Part Number 

V7-490990 
ME284-0159 
100-10 

" 

" 

" 

" 

ME284-0158 
153032 
153060 

" 

" 

153074 
153021 
153094 

153064 
153067 
153072 

153076 
153097 
153098 
1530102 

153092 

153024 
V7-490849 
ME284-0356 

" 

" 

" 

" 

" 

" 

24312 
" 

" 

" 

24281 
24283 
24289 
24298 

" 

" 

" 

Table 7-9 (continued) 

RADIATION SENSITIVE COMPONENTS - S-I1 PRESSURIZATION SYSTEM, LH2 AND LOX  TANKS 0'7-490800) 

neumatic Actuatl 

~ 

Component 

olenoid  valve, 3-way 
S ea1 
Pot t ing  compound 
Connector 

Inse r t  
End plug 

Wire, elec. 

Gasket,  housing 

Sys,  Engine  Propellant V 

kegulator-relief  valve 

Retainer assy 
.Insert 
Sensor - 

Seal  
Diaphragm 
Sen1 

Seal 
Seat 

Relief  valve 
Sea l  

Sea l  

Gasket 
Seat 

Metering  assy 

Guide assy 
Pellet 

Plug  assy 
Inse r t  

Diaphragm - 
olenoid  assy 

Solenoid  valve, 3-way 
Gasket 
Tubing 
Pot t ing  compound 

Wire, elec. 
Bobbin 

Sealant 
Lubricant 
Sea l  
Seat,  poppet 
Gasket 
Gasket 
Connector 

End plug 
Inse r t  

~~ 

Material  

5 
" 

:el-F 
Y/R 

Silicone  rubber 
lylon 
reflon FEP inaul .  

4ylar A 

(el-F 

Ceflon TFE 
fylar A 
:eflon TFE 

fylar A 
$ lnr  A 
leflon TFE 

reflon TFE 
4ylar A 
4ylar A 

tel-F 

(el-F 
3ylar A 

" 

" 

" 

" 

" 

" 

" 

" 

N/R 
Silicone  rubber 
N/R 
Dia l ly l   ph tha la te  
Synthet ic   f iber  ir\cn: 
Silicone  rubber 
Halocarbon 

" 

T e f l o n ,   g l a s s   f i l l e  
Kel-F 
T e f l o n ,   g l a s s   f i l l e  
Teflon TFE 

Si l icone  rubber  
Nylon 

" 

Critical 
4pp li- 
cation 

Gamma En 
(ergs/  

redicted 

.romnent 
I(C)) 
olernnce 

7x106 
1x109 
1x109 

1x109 

1x109 

1x10 
(N/RJ 

[3x109) 

7x106 
6x109 * 
(3x1g9) 
7x10 

6x109 
7x106 

7x106 
7x106 
6x109 
6x10' 

7x106 
7x106 

7x106 
6x10' 
6x109 

(3x109) 
* 
x 
(8x189) 
6x 10 
7x106 
7x106 
N/R 

N/R 

3x109 

0 ~ 1 0 9 )  

2x1010 

lX109 
lX109 

1%109 

~ 0 9  
1x109 

5x109 

5x109 
7x106 

( 3 ~ 1 0 ~ )  

r Spec i f i ca t ion   o r  Vendor 

?/N 26530; S te re r  Engr. & Mfg.  Co. 
Bal Sea l  
Coast  Pro Sea l  777 
MIL-C-5015 

MIL-W-16878/4 
P/N 12078;  Royal Indus t r ies  

Long-Lok Corp. 

4MS 3651 

W 3651 

RMS 3651 

RMS 3651 

Loc-King Corp. 

Lac-King Corp. 

P/N 6969-2; J. C. Carter Co. 
MS90484 ( incor rec t  number) 
FIT-221;  Alpha Wire Corp. 

MIL-"19833, Type GD1-30F 
MIL-W-583, Class F 

Hooker Chemical  Fluorolube Gd-362 
Dow Cornirg RTV-504 

TEC F l u o r f i l  B; Thermech Engr.  Corp. 

TEC F l u o r f i l  B; Thermech Engr. Corp. 
AMs 3651 
MIL-C-5015 



~~ ~ 

Par t  Number 

737-130 
737-231 

737-102 
737-205 
737-206 
737-152 

737-270 

737-167 
737-271 

737-273 
737-221 
737-293 
737-258 
737-262 

" 

" 

" 

737-277 
" 

737-284 
" 

" 

" 

ME261-0003 
V7-490052 

ME284-0155 
100-20 
19374 
20702 
12120CR4 
20571 

ME452-0021 
V7-490629 

4402 
15215 
15243 

15386 

" 

" 

" 

~~ 

Subsystem 

elium Press Sys, 

Gasket 
Sea t  
Wire 

Gasket 
Gasket 

Gasket 
Gasket 
Sleeve, wire 
Pad 
Grommet 
Gasket 
O-ring 
Gasket 
Plug,   seal ing 
Sea l  
Sleeve 
Tape 
Lacing  cord 
Spacer 
Jacket 
Insu la tor  
Sea l  
Lubricant 
Pot t ing  compound 

.OX Tank Ullage 
?ace  coated  seal  
;olenoid  valve 

Sea l  
I n s e r t  
Gasket 
K seal, face  coated 
Gasket 
Grease 

Pressure  switch 
Wire, elec.  
Sleeving 
Sleeving 
Sea lan t  
Rod 
Pot t ing  
Lubricant 

' ressure  switch 

~~ 

Material 

Kel-F 
Teflon 
Teflon FEP 
Kel-F 
Kel-F 
Kel-F 
Kel-F 
Teflon 
Teflon 

Kel-F 
Teflon 

S i l i cone  
Teflon 
Polycarbonate 
Teflon 
Teflon 
Teflon 
Nylon 
Nylon 

Mylar 
Teflon 

Teflon  base  spray 
S i l i cone  

N/R 

Teflon  coated 

Teflon 
Kel-F 
Teflon 
Teflon  coated 
Kel-F 
Kel-F o i l  h wax 

" 

Teflon FEP insul. 
I r rad .   po lyolef in  
Teflon TFE 
Synthetic  rubber 
Kel-F 
E P O V  
Halocarbon 

" 

Appli- 
Critica 

ca t ion  

T 

.x1 

.XI 

.XI 

T 
c1x1g9) 

lX109 
( 1 ~ 1 8 ~ )  

(1x109) 
(1x109) 
( 1x108) 
(1x108) 

(1x109) 
(1x108) 

7x10 
( 5 ~ 1 9 ~ )  
7x10 
1x108 
(2x107) 

7x10 

1x10 

(8x198) 

(3x10') 
( 3x109) 

1x10 
(1.y;) 

N/R 
1x108 
(2x109) 

1x108 
7x106 

7x106 
7x106 
3x109 
7x106 
1x108 
lX109 

1x108 
lX109 

(1x108) 
1x109 

(2x1010) 
1x109 

(lxlg1O) 
1x10 

(3x10') 

3x109 

S p e c i f i c a t i o n   o r  Vendor 

MIL-W-l6878/4A, Type  E 

Permacel  P-421 
MIL-T-713A, Type  P, Class 2 

P/N 11958;  Raco  Engr. 

S i l a s t i c  RTV601 
Drilube 842 

NAVAN 
P/N 26540; S t e r e r  Engr. & Mfg. Co. 
Bal Sea l  Engr. Co. 
AMs 3650 
MB0295-009 

AMs 3650 
Harrison Mfg.  Co. 

Kcl-F No. 90; 3M 

PIN 8438;  Rusha Precision Corp. 
MI~-W-16878/4, Type EE 
PIN FIT-270;  Alpha Wire Corp. 
AMs 3653 
MIL-S-22473, Class C 

Emerson & Cuming, 
Fluorolube Gd-362 ,; Hooker Chemical 

Inc. 



Par t  Number 

~ ~~ 

r7-490830 
17-490864 
41284-0158 

17-490849 
4E284-0356 

4E284-0159 

E284-0158 

117-490906 
13284-0270 
4E284-0189 

" 

" 

Table 7 -9 (continued) 
RADIATION  SENSITIVE  COMPONENTS - S-I1 PRESSURIZATION  SYSTEM,  LH2 AND LOX TANKS (V7-490800) 

Subsystem 

z l i u m  In jec t ion  

Component 

iolenoid  assy 
Solenoid  valve. 3-way 

See  above 

lalve  assy 

Ialve 
Safety-rel ief   valve 

Material  

J/R 
I /R 

Critics' 

Eation 
hppli- 

-r 
Gamma El 

(ergs,  
' redictec 

7x108 

7x10' 

.ronment 

olerance 
4C)) 

7x106 
7x106 
7x106 

7x106 
7x106 

1%109 

7x106 

k 
N/R) 
N/R 

l- Spec i f i ca t ion   o r  Vendor 

PIN 12078;  Royal Indus t r ies  

PIN 6969; J. C. Carter Co. 

PIN 26530; S te re r  Eng. & Mfg. Co. 

PIN 12078;  Royal Indus t r ies  

PIN 193800;  Wallace 0. Leonard,  Inc. 



Table 7-10 

RECOXENDED  MODIFICATIONS - S-I1 PRESSURIZATION SYSTEM (V7-490800) 
~~~ ~ 

Application 
Assigned 

Category  of 
Modification 

Subsystem  Part. Number Recommended 
Material 

L 

1 

I 
1 
1 
1 
1 
- 

Face  coated  seal  Teflon  coated 3x10" Kynar coateda 1x108 

1x108 

1x108 

1x108 
1x108 
1x108 

2x107 
1x108 
1x108 
lX109 

1x108 

1x108 

1x109 

3x107 
7x106 

7x106 
7x106 

7x106 

7x106 
7x106 

Required 

Vent Sys. u)X Tank 
3 ~ 1 0 ~ '  
8x109 
lxl010 

bE261-0003 (typ) 
" 

Face  coated  seal  
Bearing 
P is ton   r ing  
Tubing 
Seal 
Seat 
Sleeve, wire 
Pad 
Grommet 
Gasket 
Tape 
Jacket 
Lubricant 
O-ring 

Desked  
Not c r i t i c a l  
Required 
Desired 
Required 

Not c r i t i c a l  
Required 

Not c r i t i c a l  
Not c r i t i c a l  
Required 
Not c r i t i c a l  
Not c r i t i c a l  
Desired 
Desired 

Teflon 
Teflon  coated 

Teflon 

Teflon 
Teflon 

Teflon 
Teflon 

Teflon 
Teflon 

Teflon 
Teflon 

Teflon 
Teflon  base 
Kel-F 

Kynar coated:< 
Teflon/glass 

Aluminum>) 
Kynar composite 

Mylar 

Polyimide 
Kynar 

Kynar 
Teflon FEP 

Polyimide 
Kynar composite 

Polyimide 
Sol id   f i lm 
Kynar 

737-78 (typ) 
737-193 

6x109 
3x1010 

3x1010 

" 

1 x 1 0 ~ 0  

lxl010 
1x10~ 

lxl010 
ljrl010 
1x1011 
3x1O1O 

737-54 (typ) 
737-59 (typ) 

737-270 
737-271 
737-221 

" 

" 

" 

" 

" 

3 ~ 1 0 ~ '  
3 ~ 1 0 ' ~  
1 x 1 0 ~ 0  
lxl010 

3 ~ 1 0 ~ '  
3x10" 
1 x 1 0 ~ 0  
lxl010 

1 x 1 0 ~ 0  

1 x 1 0 ~ 0  

8x10' 
" 

3x10" 

3x1O1O 

3:;O1O 

" 

2x1010 

Face  .coated  seal 

Gasket 
Sea l  

S l ewing  

Desired 
Required 
Required 
Not c r i t i c a l  

Teflon 
Teflon  coated 

Teflon 
Teflon TFE 

Kynar coated* 
Kynar 
Kynar cornpositeft 
Polyimide 

ME261-0003 (typ) 
100-20 
20702 
15243 

Seal 

Tubing 
Sea l  

Sealant 
Insu la t ion ,  wire 

Lubricant 
Seal 

Gasket 
Seat,  poppet 

Gasket 
In se r t  
End plug 
Face  coated  seal  
Pot t ing  

Desired 
Required 
Not c r i t i c a l  
Desired 
Desired 
Desired 
Desired 
Desired 
Desired 

Desired 
Required 

Not c r i t i c a l  
Required 
Not c r i t i c a l  

Ke 1 -F 
Teflon TFE 
Silicone  rubber 
Synthe t ic   f iber  
Si l icone  rubber  
Halocarbon 

Kynar 
Kynar 
Teflon/glass 
Polyimide 
Buna N 

Kynar composite>'c 
Kynar 
Kynar composite* 
Kynar,? 
Ceramic>'& 
Ceramic>'& 
Kynar coated 
EPOXY 

MoS~ 

153074 (typ) 
" 

" 

" 

24281 
24283 

24298 
24289 

" 

" 

ME261-0028 
" 

" 

7x10b 

3x109 
~ ~ 1 0 9  

lX109 
lX109 

Teflon,   g lass   f i l led 5x109 
Kel-F 1x109 
Teflon,   g lass   f i l led 
Teflon TFE 
Silicone  rubber 
Nylon 
Teflon  coated 
Unknom 

5x10' 
7x106 

3x109 

? 

1.~109 

1x108 

[elium In jec t ion  Sy: 
Teflon TFE 
Si l icone  rubber  
Synthe t ic   f iber  

Halocarbon 
Si l icone  rubber  

Teflon,  glass filled 
Kel-F 
T e f l o n ,   g l a s s   f i l l e d  
Teflon TFE 
Unknown 

7x106 

3x109 
2x109 

lX109 
~ 0 9  

lX109 
5x109 

5x109 
7x106 
" 

3x1010 
1 x 1 0 ~ 0  
lxl010 

1x1011 

lxl010 

2x1010 

8x10' 

3x1O1O 
3x10" 

3x1O1O 

153074 (typ) 

" 

" 

" 

" 

Seal  
Tubing 
Insulat ion,   wire  

Lubricant 
Sealant 

Seal 
Seat,  poppet 
Gasket 
Gasket 
Pot t ing  

Not c r i t i c a l  
Required 

Desired 
Desired 
Desired 
Desired 
Desired 
Desired 
Required 
Not c r i t i c a l  

Kynar 
Teflon/glass 
Polyimide 
Buna N 
Sol id   f i lm 
Kynar 
Kynar 
Kynar composite 
Kynar 
EPOXY 

24281 
24283 
24289 
24298 

" 

! 



bellows  covered by a metal braid.  The LOX tank  pressure  l ine,  

fo r  which specific  information was not  requested, i s  specif ied 

(MC271-0025) t o  be  of  corrosion  resistant  al loys and  probably 

does  not  contain  any  organic material. 

A deta i led   par t s  breakdown was not  received  for  the ME284- 

0161 pressure  regulator  valves (Parker  Hannefin; P/N 5640011 fo r  

gaseous  hydrogen  and P/N 5640012 for  gaseous  oxygen). The regu- 

l a t o r s  are used to   con t ro l  t h e  u l lage   p ressure   in  t h e  propel lant  

tanks.  Since these valves contain a number of  components,  e.g., 

posit ion  switch,   potentiometer,   solenoid valve, s h u t t l e  valves , 
and e l e c t r i c a l   f i t t i n g s ,  i t  almost  certainly  contains  organic 

p a r t s  similar to   those   ident i f ied   e l sewhere .   I f   th i s  valve i s  

to   be  considered  for   use on t h e  RNS a t  any locat ion  near   the 

a f t  end,  an  analysis w i l l  be  required. 

7.3.4.2  Vent  System, LOX Tank 

The main  components of t h e  LOX tank  vent  system are metal 

l i n e s  (V7-490874) , t h e  ME271-0022 vent   l ines ,  and t h e  ME28400030 

vent valves. The vent  l ines  (Solar  Division  of  International 

Harvester; P/N 41082) u t i l i z e  a Kel-F O-ring. The l ine   s ec t ions  

are assembled w i t h  ME261-0003 Teflon  coated seals. 

The ME28400030 vent valves (7- in .   l ine   s ize)  are specif ied 

(MC284-0030) i n  three types: 

Type I - gaseous  hydrogen 
Type I1 - gaseous oxygen 
Type 111 - step vent - gaseous  hydrogen 
Type IIIA - step  vent  and  cryoproof - gaseous  hydrogen 
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The main  components are: 

1. Vent  and r e l i e f  valves (main valve) 

2. Actuation  solenoid valves (2) 

3.  S t e p  vent  solenoid valve (Type 111 and I I I A  only) 

4. Electrical   switches  (4) 

5. Backup relief valve (Type I and I1 only) 

6. S tep   vent   re l ie f  valve (Type I11 and IIIA only) 

It was a design  object ive  to  make t h e  Types I, 11, 111, and I I I A  

valves ident ical   in   every  respect ,   except   in  relief pressure and 

i n s t a l l a t i o n   d e t a i l .  An examination  of  drawings f o r  Types I1 

and IIIA valves (Ametek/Calmec; P/N 738-557 and 737-561) ind ica te  

t h a t   t h i s  is the   case ;   therefore  t h e  p a r t s  breakdown g iven   in  

Table 7-9 can  be  considered  typical  for  both oxygen and  hydrogen 

vent  valves  covered by Spec i f i ca t ion   ~~284-0030 .  

All organic materials in   t he   ven t  valve were iden t i f i ed  

except  those  possibly  used  in  the Raco Engineering seals; no 

information  concerning these p a r t s   o r  this company could  be  found. 

However, even  assuming t h e  seals t o  contain  Teflon TFE, t h i s  

would not  lower the   rad ia t ion   to le rance ,  7 x 10 ergs/gm(C), of 

t h e  basic  valve. The modifications  indicated  in  Table 7-10 w i l l  

increase t h e  t o l e rance   t o  a t  least 6 x 10 ergs/@((=),  or w e l l  

above t h e  assumed environment of 1 x 10 ergs/gm(C). 

6 

9 

8 
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7.3.4.3  Pressure  System  Manifold  Installation 

The V7-490005 man i fo ld   i n s t a l l a t ions  employ ME27200005 (gaseous 

oxygen)  and ME272-0006 (gaseous  helium)  manifold  assemblies. 

These  manifolds  consist  of bellows,  elbows,  tubing,  f langes,   and 

bosses. These p a r t s  (AMETEKIStraza; P/N 8-030087 (GOX) , P/N 

8-030536 (GH2), and  others)  contain  no  organic materials. The 

i n s t a l l a t i o n  is  assembled w i t h  ME261-0003 Teflon  coated seals. 

Engine  isolat ion check valves (used on some models)  use metal 

seals and  appear   to   be a l l  metal wi th   the   poss ib le   except ion  of 

the  poppet seat f o r  which no information w a s  obtained. The r ad ia -  

t i o n   t o l e r a n c e  of  t h i s  subsystem is  l i m i t e d  by t h e  Teflon  coated 

seals (1 x lo8 ergs/gm(C))  and  can  be  increased t o   g r e a t e r   t h a n  

l o l o  ergs/gm(C) i f  Kynar coa ted   o r  metal seals are used  and 

polyimide i s  used as the  poppet seat ( i f  requi red) .  

7.3.4.4 Actuation  and  Checkout  System  Installation 

The V7-490008 actuation  and  checkout  system  for t h e  LOX and 

LH2 tank   pressur iza t ion  components cons is t s   o f   mani fo lds ,  numerous 

l i n e s ,  metal seals (ME261-0023 and ME261-0033) and t h e  support  

f i t t i ngs .   Typ ica l   l i ne   a s sembl i e s  (V7-490107,  V7-490781) and 

manifolds (V7-490311) which were examined are a l l  metal. Teflon 

TFE gaskets  are used  on  the  forward  umbilical   disconnect,   but 

these   could   be   rep laced   wi th  K y n a r  i f  requi red  on t h e  RNS. 
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7.3.4.5  Purge  System, LH2 Tank Pressure  Lines 

The V7-490013 LH2 tank   pressure   l ine   purge   sys tem  cons is t s  

of metal l i n e s  (V7-490585, V7-490875) a n d   f i t t i n g s ,  metal seals 

(ME261-0033), and ME284-0074 valves. The helium  check valves 

( S t e r e r  Engr.  and Mfg. Co.; P/N 26610) are of  welded all-metal 

cpnstruction.  This  subsystem i s  t h e r e f o r e   s a t i s f a c t o r y   f o r  

use  without   modif icat ion.  

7.3.4.6  Helium Pressurizat ion  System, LOX Tank Ullage 

The main  components  of t h e  V7-490052 pressur iza t ion   sys tem 

a s i d e  from metal l ines   (e .g . ,  V7-490874) and f i t t i n g s  are l i s t e d  

in   Tab le  7-9. The r a d i a t i o n   t o l e r a n c e  of t h e  basic system is  

l i m i t e d   t o  7 x 10 ergs/gm(C)  by the  Teflon  (assumed  to   be TFE) 

seals i n  t h e  so lenoid  valve (Sterer Engr.  and Mfg. Co.; P/N 

26540). T h i s  p i lo t -opera ted ,  two-way, normally  open  solenoid 

va lve  i s  s p e c i f i e d  (MC284-0155) for   use   wi th   he l ium,   n i t rogen ,  

oxygen,  and  hydrogen  gases. The wi r ing ,   no t   l i s t ed   i n   Tab le  

7-9,  conforms t o  MIL=W-16878/4 which spec i f i e s   Te f lon  FEP insu la -  

t i o n ;   t h i s  would   be   sa t i s fac tory  a t  t h e  assumed  exposure level. 

6 

The ME452-0021 absolu te   p ressure   ac tua ted   swi tch  i s  used 

for   bo th  LOX and LH2 tanks.  The materials l i s t e d   i n   T a b l e  7-9 

apply  to   both  type  switches  (Ruska  Precis ion Corp.; P/N 8438  and 

8148). Aside  from t h e  Teflon TFE sleeving,  which is  not  con- 

s i d e r e d  c r i t i ca l ,  t h e  materials have recommended tolerances  of  

1 x 10 ergs/gm(C)  or  higher . 9 
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An ME45200024 f i l l  overpressure switch (Frebank Co. ; P/N 

8438) is also  used,  but  information w a s  not  received on t h i s  

p a r t  . 
The modifications recommended in   Table  7-10 w i l l  increase 

the   rad ia t ion   to le rance   to   about  1 x 10  ergs/gm(C).  Additional 9 

material substi tutions  could  be made to   i nc rease  t h i s  s t i l l  

fur ther .  

7.3.4.7  Pneumatic  Actuation  System,  Engine  Propellant 
Valves 

The propel lant  valve actuation  system (V7-490990) includes 

the  following components  which w e r e  invest igated and  found t o  

contain no organic materials : 

Line  assemblies  (e.g., V7-490306) 

Seals (~~261-0023 ,  ME261-0033) 

Flex  hose (ME271-0017) 

H e l i u m  receivers (MX282-0036) 

Check valves (ME284-0074) 

The organic materials contained  in  t h e  solenoid valves and 

regulator  are shown i n  Table 7-9. The ME284-0159  3-way solenoid 

valve  (Sterer  Engr.  and Mfg. C o . ;  P/N 26530) has a rad ia t ion  

tolerance  of 1 x 10 ergs/gm(C), o r  somewhat above t h e  predicted 

environment. The  ME284-0158 high-flow  regulator-relief  valve 

(Royal Industr ies ;  P/N 12078)  has a radiat ion  tolerance,  7 x 10 

ergs/gm(C), l imited by the  Teflon TFE seals. The ME284-0356 

9 

6 
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3-way cryogenic  solenoid valve (J. C. Carter Co.; P/N 6969), 

which is used to   actuate   the  prevalve,   has  a tolerance set by 

t h e  Teflon TFE gasket. 

As indicated  in   Table  7-10, the  required  modifications are 

replacement  of  Teflon TFE seals and gaskets.  However, with  the 

other  suggested  modifications,   the  radiation  tolerance of t h i s  

subsystem  could  be  increased to 8 x 10 ergs/gm(C). 9 

7.3.4.8 H e l i u m  In jec t ion  System 

The main  components contained  in  the  helium  injection 

system are metal l i n e s  (V7-490831,  V7-490881), a metal hose 

(V7-417852), metal seals (ME261-0023,  ME261-0033), a regulator ,  

and several   valves.  Of the valves, information was n o t   i n   t h e  

MSFC f i l e s  on the  ME284-0189 valve, and  information was not  

received on the ME284-0270 s a f e t y   r e l i e f  valve (Wallace 0. 

Leonard; P/N 193800) . The ME284-0074 check  valve is  of a l l -  

metal welded construction. 

The ME284-0158 high-flow  regulator-relief  valve  has  an 

internal  pressure  sensing  device  for  maintaining  the  outlet  

pressure a t  specif ied gauge pressure.  It is  used to   con t ro l   t he  

actuat ion  pressure  for  t h e  LH2 and LOX recirculation  systems  and 

t h e  helium in j ec t ion  system. The radiation  tolerance  of t h i s  

valve, 7 x 10 ergs/-((=), i s  l imited by several Teflon TFE 

seals. 

6 
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The ME28400356  3-way cryogenic  solenoid valve has a Teflon 

TFE gasket  which sets t h e  limit on t h e   r a d i a t i o n   t o l e r a n c e ,  i . e . ,  

7 x 10 . The o ther   o rganic  materials have tolerances  above t h e  

predicted  exposure.  

6 

The ME284-0159  3-way solenoid valve i s  used  to   provide 

he l ium  ac tua t ion   p re s su re   i n  t h e  rec i rcu la t ion   sys tem  and   to  

vent  helium  pressure from the  system. The r a d i a t i o n   t o l e r a n c e  

should  be a t  least 1 x 10 ergs/gm(C),  or somewhat above  the 

predicted  requirement.  

9 

As i n d i c a t e d   i n  Table 7-10, the   requi red   modi f ica t ions  are 

the  replacement of Teflon W E  seals and  gaskets. However, w i t h  

the   o ther   sugges ted   modi f ica t ions ,  t h e  r a d i a t i o n   t o l e r a n c e  of 

t h i s  subsystem  could be i nc reased   t o  8 x 10 ergs/gm(C), o r  a 

fac tor   o f   t en   above  t h e  predicted  environment. 

9 
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7.4 Leak Detection  and  Purge  System 

7.4 . 1 Description  and  Location 

The S-I1 s t a g e  leak detection  and  purge  system (V7-532501) 

i s  loca ted  on t h e  a f t  skirt and  around  the LOX tank. The assumed 

l o c a t i o n   f o r   a n  RNS i n s t a l l a t i o n  i s  a long   the   s idewal l   o f   the  

c o n i c a l   a f t   t a n k   s e c t i o n .  The foam-fi l led honeycomb material 

used as o u t s i d e   i n s u l a t i o n  on t h e  LHZ tank  has  helium  gas  forced 

through it for  purging  and leak detect ion.   Al though  the  insula-  

t ion   used  on t h e  RNS w i l l  be   o f   d i f f e ren t  material, a system  for 

purging  and  leak  detect ion w i l l  probably  be  required;   the   require-  

ment f o r  such a system when i n  space, however, i s  unknown. 

7.4.2 Summary 

The major  components  of t h i s  system  contain few or   no  organic  

materials, and  none  of   the  appl icat ions are considered c r i t i c a l  

to   the  funct ioning  of   the  system.  Therefore ,  no modif icat ions 

are considered  to   be  necessary.  

7.4.3  System Breakdown and Recommended Modifications 

T h i s  sys tem  cons is t s   p r imar i ly   o f  metal l i n e s  and f i t t i n g s ,  

expansion  joints ,   coupl ings,   and metal seals. Some s e a l a n t s  

and  organic seals are used. The r a d i a t i o n   s e n s i t i v e  materials 

and t h e i r   a p p l i c a t i o n s   i d e n t i f i e d  from  drawings  and p a r t - l i s t s  

are given  in   Table  7-11 along w i t h  t h e  recommended r a d i a t i o n  

tolerances  and  the  predicted  environment .  
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Par t  Number 

J7-530702 
" 

" 

87-530707 
87-530638 
!E261-0003 

Subsystem 

;vs I n s t l ,  Disch 

iys I n s t l .  Commo 

Table 7-11 

RADIATION  SENSITIVE  COMPONENTS - S-I1 LEAK DETECTION AND PURGE SYSTEM (V7-532501) 

Component 

:e, Flange Seals, LH2 Tank 
jealant 
Sealant 
Laminate 

Seal 

Material 

jilicone  rubber 
'olyurethane  resin 
Jylon 

" 

Peflon TFE 
Peflon  coated 

" 

Cri t ica l  

ca t ion  
Appli- 

no 
no 
no 
no 

no 
no 
no 

l- 
Garmna En 

(ergs/  
' redicted 

7x10' 

7x108 I 
2x10' 
2x108 
2x108 

Lronment 

'olernnce 
I(C) 1 

* 
( 1 ~ 1 0 ~ 8  
(1x101 ) 
(3x109) 

(7x10 6, 
* 

(1x108) 

Spec i f ica t ion  or Vendor 

MB0130-019,  Type I1 
MB0120-024 

AMs 3651 
NAVAN 



7.4.4 Radiation  Hardening  Analysis 

f r e e  

The following  drawings were examhed  and  concluded t o  be 

of organics : 

V7-430701 - Sys I n s t l  - Discharge, Comon  Bulkhead  and 
J -Ring 

V7-432403 - Leak Check I n s t l  - Seals , Bolted  Fhnge  Joints  , 
Insulated 

V7-532590 - I n s t l  - Leak Check F i t t i n g s ,  LOX Sump Flanges 

The V7-430702 i n s t a l l a t ion   cons i s t s   o f  metal l ines  (e.g. ,  

V7-530709) and f i t t i n g s  , metal seals (ME261-0023 , ME261-0033) , 
and  an  expansion  joint (ME273-0059). Mounting hardware  includes 

ME127-0014 clamps which  have a cushion of g l a s s  impregnated 

Teflon. Some of the  attaching  hardware i s  sealed  with a laminate 

of  nylon  and  silicone  rubber. Some of t h e   f i t t i n g s ,  i .e.,  nuts  

and  unions, are   sealed  with  polyurethane  res in .  A l l  of   the  

materials have  radiation  tolerances  higher  than  the  predicted 

environment,  and  none of the  appl icat ions are c r i t i ca l  t o   t h e  

operation  of  the system. However, the use of a f i b e r g l a s s / s i l i -  

cone  laminate would increase   the   rad ia t ion   to le rance   s ign i f icant ly .  

I n   a d d i t i o n   t o   l i n e s ,   f i t t i n g s ,  metal expansion  joints ,  

etc.,  the  V7-530707 i n s t a l l a t i o n  employes a number of Teflon 

coated seals (ME26l-0008) and a bellows seal assembly (V7-530638) 

of Teflon W E  sheet .  Replacement  of these seals with Kynar 

coated  or metal seals and  Mylar,  respectively, would increase   the  

radiation  tolerance  of  the  individual components t o  1 x lo1' 
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7 . 5  Electrical  System, General Instal la t ion 

7 .5 .1  Description and Location 

Electrical  and electronic systems per - se  are  not a part of 

this  study.  Installation components  and fixtures have been 

examined, however, since  similar items w i l l  be required on the 

RNS. The harness,  electrical, and other  installations examined 

are  located on the forward sk i r t ,   a f t   sk i r t ,   t h rus t  cone, and 

lower propellant tank. The installations  included  in  the  analysis 

are  fairly  typical  insofar  as usage and application of organic 

materials. The assumed locations  are shown i n  Figure 7-4 .  

7 .5.2 Summary 

None of the  organic  material  applications  are  considered 

c r i t i c a l  t o  the  operation of the systems associated  with  the  in= 

s ta l la t ions.  With the  exception of grommets  of Teflon TFE, the 

materials have radiation  tolerances of a t   l e a s t  1 x 10 ergs/gm(C), 

which are  higher  than  the  predicted  exposure  levels.  Since 

several of the  applications  are  for  the  physical  protection of 

wiring, i t  would be a simple  matter t o  use more radiation resis- 

tant  materials  for an added margin  of safety. 

9 

7.5.3 Sys tem  Breakdown and Recommended Modifications 

Table 7-12 gives  the  materials and applications  for  several 

typical  installations.  Table 7-13 gives  the recommended modifi- 

cations. 
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l x  

1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1.5 x 

2 x  

5 x  

l x  

2 x  

2ool 3 x  

5 x  

1 .5  x 

0 

erg/gm (C) -h (unattenuated) 

Separation  System (V7-540652) 

Electrical  I n s t l  (V7-546091) 

Bracket I n s t l  (V7-540680) 
Harness I n s t l  (V7-545120) 

Figure 7-4 Assumed Location of (S-11) E l e c t r i c a l  
System  General Components 
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P a r t  Number 

V7-540680 

Mp154-0001 

V7-545120 
MS043-3564 
Mp154-0001 

-.. 

-_ 
" 

" 

" 

V7-546091 

MS35490 
V7-545622 

MSO43-3564 

" 

" 

" 

V7-540652 

MD175-9007 
" 

Table 7-12 

RADIATIOX  SENSITIVE  COXFOXEIJTS - S-I1 ELECTRIC4L SYSTEM, GENERAL (V7-540378) 

Subsystem Component 

bracket I n s t a l l a y  (Typical) 
r o m e  t 
r o m e  t 

l a r n e s s   I n s t a l l a   i o n   ( m i c a l l  
Dronunet 
Gromet 
Adhesive 
Adhesive 
Tape 
Sleeving 

l l e c t r i c a l   I n s t a l l a t i o n  
Adhesive 
Seal 
Grommet 
Grommet 

Sealant 
Fabric 

ieparation  Systen 
Adhesive 

Mater ia l  

~ ~~ 

" 

Teflon TFE 
Sil icone  rubber 

Sil icone  rubber 
Sil icone  rubber 

Pblyurethane 
Si l icone  rubber  

Teflon TFE 
I r r ad   po lyo le f in  

" 

" 

Polyurethane 
Silicone  rubber 
Synthetic  rubber 

Nylon 
Silicone  rubber 

Sil icone  rubber 

Si l icone  rubber  
Polyester 

" 

Critics: 
Appli- 
ca t ion  

no 
no 
no 

Ye8 
no 
no 
no 
no 
no 
no 

no 
Yes 

no 
no 
no 
no 
no 

no 
Ye8 

no 

l- 
G a m a  Er 

(ergs1 
'redicted 

6x10' 
6x108 
6x108 

6x108 

6x10' 

2x106 

2x108 

lX1o7 
lX107 
1 ~ 0 7  

Lronment 
n(c> 1 
:olerance 

T 
-I 

I 

1 
1 
1 

1 
1 
1 

1 
1 

1 
1 

- 

S p e c i f i c a t i o n   o r  Vendor 

E.21266 
22-R-765, C1 3, Gr 50 

22-R-765, C 1  3, Gr 50 
ZZ-R-765, C 1  3, Gr 50 
XBO130-019, Type 111 

MIL-T-23594, Type I 
!lI30120-024 

MB0120-024 
MIL-R-5847. C 1  3 
MIL-R-O03065A, G r  SB-512-ABF2 
22-R-765, C 1  3, Gr 50 
HB0135-021, Type I1 
HBO130-019, Type 3 

HB0130-019, Type I11 
MIL-T-9906 

1 

I 



I 
Table 7-13 

RECOMMENDED MODIFICATIONS - S-11 ELECTRICAL SYSTEM, GENERAL 

Subeystem 

Bracket  Installation 

&mess   In s t a l l a t ion  

E l e c t r i c a l   I n s t a l l a t l  

Part Number 

w 
~~ 

" 

"154-0001 

%43-3564 
" 

" 

L 
V7-545622 
" 

Application 

Grommet 
Grommet 

Grommet 
Tape 
Sleeving 

Seal 
Sealant 

Assigned 

Modification 
Category of 

~~ 

Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  

A 8  01 

Material  

Teflon TFE 
Silicone  rubber 

Silicone  rubber 
Teflon TFE 
Polyolefin 

Silicone  rubber 
Silicone  rubber 

Modif 

Recornended 
Material 

Buna N 
Buna N 

Polyimide 
Buna N 

Polyimide 

Viton A 
Buna N 

d 

Tolerance 
(erga/gm(C)) 

1x10 10 
1x10~0  

l X l O l 0  
lxl010 
1 x 1 0 ~ 0  

6x10' 
~ ~ 1 0 9  



7.5.4 Radiation Hardening Analysis 

The organic  materials  are used as  sealants,  adhesives, o r  

for  abrasion  protection and are  only  required t o  maintain  their 

physical  integrity. While the  installations  are considered t o  

be satisfactory  as i s ,  the substitution of more radiation  resis- 

tant  materials  as  noted  in Table 7-13 would increase  the  radiation 

tolerance of  the  individual  parts. 
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7.6 Engine I n s t a l l a t i o n  

7 . 6.1  Description and. Location 

The 5-2 engine is  analyzed in   Sec t ion  6.4 ;  the   discussion 

her!? i s  of i n s t a l h t i o n s   a s s o c i a t e d   w i t h  t h e  s-11 stage  engines 

(V7-417005). These are the  service l i n e   i n s t a l l a t i o n s  and the  

LOX and LH2 recirculation  (temperature  conditioning)  systems. 

The assumed locat ions of these components are shown in   F igure  

7-5 . 
7.6.2 Summary 

Based upon the  analyses   in   Sect ion 6.4.4 f o r  t h e  5-2 engine 

and in   Sec t ion  7.6.4 fo r  t h e  S-11 stage  subsystem  instal la t ions,  

it is  believed t h a t  each  of t he  major  components  and  subsystems 

can  be  radiat ion  hardened  to   re l iably  funct ion  in   nuclear  en- 

vironments more severe than  those  predicted a t  the  assumed com- 

ponent  locations.  Table 7-14 summarizes t h e  predicted  nuclear 

environment  and t h e  recommended tolerances  for   both  the  basic  

and  modified  configurations. The  recommended modifications,  

discussed  in   Sect ion 7.6.4,  should   resu l t   in  a radiat ion  tolerance 

of a t  least 8 x 10 ergs/gm(C). 9 

7 . 6 . 3 System Breakdown and Recommended Modifications 

Drawings, spec i f ica t ions ,  and p a r t  l ists  of t h e  service 

l i n e   i n s t a l l a t i o n  and the  L 3  recirculation  system were examined 

to   determine  radiat ion  sensi t ive materials whose performance 

might  degrade  due to   i r rad ia t ion .   Table  7-15 l ists  these 
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1 X lo6  erg/gm(C)-h (unattenuated) 

\ 
1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1 .5  x 

2 x  

5 x  

l x  

2 x  

3 x  

5 x  

1.5 x 

l o 6  

l o E  

Valve (V7-480328) 
P u p  (ME281-0015) 

LH2 Reci rcu la t ion  System 
(V7-417410) 

-Support, Service Lines 
(V7-417314) 

Figure  7-5 Assumed Location of (S-11) Engine 
I n s t a l l a t i o n  Components 
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Table 7-14 
RADIATION HARDENING SUMMARY - S - I 1  ENGINE INSTALLATION 

Subsys tem 

Support 

LHz rec i rcu la t ion  

Drawing 
Number 

V7-540652 

V7-417410 

Predicted 
Gamma 

Environment 
(ergs/gm(C) 1 

Recommended Tolerance 
(ergs/  

A s  Designed 

1x108 

1x108 

n(C>) 
As Modified 

3x1010 

8x10’ 

I 



Table 7-15 
RADIATION  SENSITIVE  COMPONENTS - S-I1 ENGINE  INSTALIATION (V7-417005) 

Pa r t  Number 

V7-417314 
ME261-0003 

V7-417410 
ME261-0003 

87-480328 
V7-480555 
V7-480556 
V7-480557 
V7-480558 
V7-480563 
V7-480564 
V7-480565 
V7-480568 
V7-480570 
V7-480588 
ME261-0003 
ME261-0028 ' 
MS29512 
V7-480594 
V7-480590 
V7-480583 
V7-480413 
V7-480630 
V7-480394 

99-4326 
121-1095 

21-1047 
21-1048 
21-1049 
21-1050 
22-7047 
22-7066 
22-7044 

MC252C4TA 
22-7067 

114-129-02 

121-1038 

14-545 

14-449 

14-526 

ME284-0184 
22-7069 

" 

~ ~ 2 8 1 - 0 0 1 s  

" 

" 

" 

" 

" 

" 

Subsystem 

;upport.  Center 1 

3 2  Recirculatior 

Component T 
ine  Service  Lines 
ace  coated  seal  

sys 
Face coated  seal  
Tape 

Bearing 
Bearing 
Spacer 
Seal 
Bearing 
Bearing 
Seal 
Retainer  locking elemen1 
Seal 
Seal 
Face  coated  seal 
Face  coated  seal 
Packine 

Indica tor ,   Pos i t ion  
Spacer 

pump, Cin t r i fLca l  
Grease, an t i -ga l l ing  
S ta to r ,  Motor 

I n s u l a t o r ,   s l o t  
Insulator ,   leader  
Separator 
Wedge, top 
Tape, insu la t ing  

Varnish 
Wire, electrical 

Seal,  boss 
Insulat ion  s leeviqg 

Balanced assx 

Rotor, Motor 

Bearing, b a l l  

Bea r im,   ba l l  

Varnish  impregnated 

Varnish  impregnatec 

Varnish  impregnatec 

Page 

Caae 
Counter 

Wire, e l e c t r i c a l  

Valve,  check 
Insulation,  tubing 

Material  1 Appli- 1 (ergs) 
Critical G a m a  Er 

Predicted 

Teflon  coated 
" 

Teflon  coated 
Teflon TFE 

Teflon FEP 
Teflon FEP 
Teflon & asbestos 

Teflon FEP 
Teflon FEP 
Mylar 
Nylon 
Mylar 
Mylar 
Teflon  coated 
Teflon  coated 
Synthetic  rubber 

Viton A 

Teflon FEP 

Teflon FEP 

Halocarbon 

Polyimide 
Polyimide 
Polyimide 
Polyimide 
Teflon-glass 
Polyimide 
Teflon TFE insu l .  
Polyimide 
Teflon 
Teflon  coated 

Polyimide 

Polyimide 

Teflonfglass 

Teflonlglass 

Teflon  insul. 
Teflon WE 

" 

Kel-F 

" 

" 

" 

" 

" 

" 

" 

W R  

~ 0 9  
1 ~ 0 9  
6x108 

6x1 
Ixl 

108 
109 

T Spec i f i ca t ion   o r  Vendor 

NAVAN: TFE & FEP per VA 0621-003 

UVAN 
MIL-T-23594, TyPe I 

MB0130-052 . ~ ~ .  " . . - - 
MBO130-052 
75% Teflon, 25% asbestos 
MBO130-053 
MBO130-052 
MBO130-052 
MB0130-060, Type D-7.5 
NYLOK 
MBO130-060, Type D-7.5 
MB0130-060, Type D-7.5 
See  above 

MIL-P-5315 

. " 

MBO130-052 

P/N 144668-130;  Pesco Products 
No, 25-10M; Halocarbon Co. 

Pyre-M.L. No. 6508; Du Pont 
Pyre-M.L.  No. 6507; Du Pont 
Pyre-M.L. No. 6508; Du Pont 
Similar   to  Armalon 
Pyre-M.L. No. 6508; Du Pont 

Pyre-M.L. No.  KK-692;  Du Pont 
MIL-W-7139B, C 1  2 

RT-1001; myclad  

Rulon 

Rulon 

MIL-I-22129C 
P h  63-1362; Fa i r ch i ld  Hiller 



materials and the i r   app l i ca t ions  and gives t h e  predicted  environ- 

ment and t h e  recommended tolerances.  Table 7-16  shows the  

recommended modifications. 

7.6.4 Radiation  Hardening  Analysis 

7.6.4.1 5-2 Engine I n s t a l l a t i o n  

The 5-2 engine  system  installation (V7-417005) includes 

the  engines (V7-417008and 103826)  and the  subsystems  discussed 

below. Line seals a t  t h e  s tage and  engine  interface are Teflon 

coated (ME261-0003).  The  low radiat ion  tolerance of Teflon 

coated seals (1 x lo8 ergs/gm(C)) requires  their   replacement 

by metal seals o r  Kynar coated seals. 

7.6.4.2 Service L ine   In s t a l l a t ion  

The service l ine   suppor t   ins ta l la tTon  for   the   cen ter  

engine (V7-417314) cons is t s  of mounting  hardware  (clamps , 
brackets ,   e tc . )  and seals (ME261-0003) used a t  t h e  f lex  hose 

connect  panels.  Replacement  of  the  Teflon  coated seals w i t h  

Kynar coated  or  metal sea l s  w i l l  increase   the   rad ia t ion   to le rance  
8 of t h i s  i n s t a l l a t i o n  from 1 x 10 t o  a t  least 3 x 10" ergs/gm(C). 

The cushion  clamps (ME127-0034), while  not a cr i t ica l  item, 

should  be  specified  to have a cushion material of  polyurethane 

o r  Buna N. 

7.6.4.3 LH, Recirculat ion System 

The main  components of t h e  r ec i r cu la t ion  system are r i g i d  

l ine  assemblies  , f l e x i b l e   l i n e s   ( ~ ~ 2 7 1 - 0 0 1 7 )  , valves (ME284-0184 
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I 

1 

Subsys tem Pa r t  Number 

Support,  Engine  Semi 

LK? Recirculation SYS 

:Us e s o f t  metal i f  

ME261-0003 ( t o )  

(tYP) 

.CE - 
I 

- 
possible 

V7-480555 
V7-480558 

V7-480413 
V7-480568 

V7-480394 
22-7066 

99-4326 
22-7067 

Table 7-16 
RECOMMENDED MODIFICATIONS - S-I1 ENGINE INSTALIATION (V7-417005) 

Application 

Face coated  seal  

Face coated  seal  
Tape 
Bearing 
Seal 
Locking element 
Poppet 
Spacer 
Insulation,  wire 
Insulation,  sleeving 
Srease,   antigall ing 

Category of 
Assigned 

Modification 

Required 

Required 
Not c r i t i c a l  
Desired 
Desired 
Not c r i t i c a l  
Desired 
Desired 
Required 
Required 
Not c r i t i c a l  

Material  

Teflon  coated 

Teflon  coated 

Teflon FEP 
Teflon TFE 

Nylon 
Ke 1 -F 

Teflon FEP 
Teflon FEP 
Teflon TFE 
Teflon 
Unknown 

3igned I Modifiq 
Tolerance I Recommended 
(ergs/gm(C)) 

1x10 

Material  

Kynar coated* 8 

1x108 
2 ~ 0 9  

lX109 Kynar 

~ 0 9  
1x108 
1x108 

Kynar coated* 

7x108 
Polyimide 
Teflon/fiberglass 

3x109 
7x108 

Polyimide 
Polyimide 
Polyimide 
Polyimide 
Polyimide 

" Solid  f i lm 

Tolerance 
(e rgs /m(c) :  

3 ~ 1 0 ~ '  

3 ~ 1 0 ~ '  

~ ~ 1 0 9  
lxl010 

lxl010 
2x1010 

1x1010 
1x10~0  
1x1011 

3 ~ 1 0 ~ '  

3 ~ 1 0 ~ '  

I 



and V7-480328), motor-driven  chilldown pumps (ME281-0015), and 

mounting  hardware. Seals used are a l l  metal (ME261-0033) and 

Teflon  coated  (~~261-0003).  

Information w a s  not   requested  for   the  l ine  assemblies   s ince 

they are not  expected  to  contain  organic materials except  for  use 

i n  seals. The f l e x i b l e   l i n e s  (ME271-0017) are a l l  metal. (bellows 

and braid).  Information was requested  but  not  received  for t h e  

ME284-0184 helium in jec t ion  check valve (Fa i rch i ld  Hiller, 

P/N 63-1362). However, t h i s  i s  a 3/4- in .   s t ra ight   in- l ine 

poppet-type  check valve so  t h e  only  organic material would 

probably,   but  not  necessarily,   be  used as t h e  poppet seat, The 

spec i f ica t ion  of Kynar or  polyimide  for  the seat would assure  a 

suf f ic ien t ly   h igh   rad ia t ion   to le rance .  

The other  major components are broken down by material and 

appl icat ion  in   Table  7-15. The modifications recommended i n  

Table 7-16 w i l l  increase  the  radiat ion  tolerance from 1 x 10 

ergs/gm(C) fo r   t he   bas i c  system t o  8 x 10 ergs/gm(C) f o r   t h e  

modified  system. 

8 

9 





7.7 Insulat ion and Heat Shields  

7.7.1  Description and Location 

Thermal insulat ion materials are used  over  the  propellant 

tanks, on l i n e s  and valves, and at  some loca t ions   i n  t h e  frame 

s t ruc ture .  Although multilayer  high-performance  insulations are 

being  developed  for  use on the  RNS, it i s  possible  t h a t  s'ome re= t 

quirements  for foams and  cork w i l l  exis t .  Heat sh ie lds  w i l l  

probably  not  be  required  for t h e  RNS. The assumed locat ions 

7.7.2 Summary 

With the  exception of Teflon  sleeving, a l l  of   the materials 

have radiat ion  tolerance levels greater   than t h e  maximum pre- 

d ic ted   rad ia t ion  levels. Because  none of t h e  appl icat ions are 

cons ide red   t o   be   c r i t i ca l  t o  the  successful  performance  of a 

mission, no modifications are necessary. Some modifications 

are suggested, however, t h a t  would increase t h e  r e l i a b i l i t y  of 

t h e  individual  components . 
7.7.3  System Breakdown and Recommended Modifications 

Radiat ion  sensi t ive materials and the i r   app l i ca t ions   i den t i -  

f i e d  from drawings  and p a r t  l i s ts  are given  in  Table 7-17. 

Table 7-18 gives   the recommended modifications. 

7-61 



1 x lo6 , erg/gm (C) -h (unattenuated) 

1.5 x 

2 x  

3 x  

5 x  

7 x  

l x  

1.s x 

2 x  

5 x  

l x  

2 x  

3 x  

5 x  

1.5 x 

Insu la t ion ,   S t age  (V7-531240) 

Insu la t ion ,  Frame S t r u c t u r e  
(V7-315005) 

Diaphragm  (V7-315100) 

Heat Shield,   Engine Base 
(V7-530401) 

Insu la t ion ,  LH2 Feedl ines  
(V7-531325) 

Figure 7-6 Assumed Location of (S-11) I n s u l a t i o n  
and Heat Shie lds  
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1 4 

( a  I 
w 

P a r t  Number 

V7-530401 
V7-530468 
V7-530566 

V7-531240 
“ 

” 

” 

” 

” 

” 

V7-531325 
” 

V7-315005 
” 

” 

V7-315100 
V7-315318 

Subsystem 

Heat Shield,  E q  

Insulation, Stagc 

Insu1ation.Flanf 

Insu la t ion ,  The! 

Diaphragm, Temp1 

Table 7-17 
RADIATION  SENSITIVE  COMPONENTS - S-I1 INSUIATION AND HEAT  SHEILDS 

Component 

le Base 
Sleeving 
Sleeving 

Insu la t ion  
Insu la t ion  
Adhesive 

Fabric 
Coating 

Adhesive 
Adhesive 

, LH2 Feedlines 

Insu la t ion  
hdheslve 

.1, Frame St ruc tures  
Insulat ion,   adhesive 

Insu la t ion  

. ture  Control 
Diaphragm 

Material 

Tef loa 
Teflon 

“ 

Cork 
Polurethane foam 
Modified  epoxy 

Nylon 
Epoxy base 
Polyurethane 

“ 

N/R 

Natural  rubber 
Polyurethane,  r igid 

“ 

Silicone  rubber 

Cork 

“ 

“ 

Teflon,   g lass  f i l l e  

Cr i t ica l  
Appli- 
ca t ion  

no 
no 
no 

no 
no 

no 
no 

no 
no 
no 
no 

no 
no 
no 

no 
no 

no 

no 
no 

T 
Gamma Er 

(ergs,  
’redictec 

7x108 
7x108 
7x108 

~ 0 9  

~ 0 9  

1. 5x109 
1. 5x109 
1 . 5 ~ 1 0 9  

7x108 
7x108 

7x108 

7x108 
7x108 

L 

iromnent 

Colerance 
S p e c i f i c a t i o n   o r  Vendor 

MB0150-025 Class I (heat  shrinkable) 
MB0150-025 Class I (heat  shrinkable) 

“130-077 
MB0120-023 
MB0125-046 

MB0120-008 
MB0135-021 

MB0120-024 

( 1 ~ 1 0 ~ ~ )  
MB0130-069, low dens i ty ,  foam i n   p l a c e  (5x10’) 
MIL-A-5092,Type I 

>t 

Sr 

(2x10’) 

MB0130-020, Type I1 ( 1 ~ 1 0 ~ ~ )  

MB0130-034  (RTV-90) o r  MB0130-019,  Type 
111. (RTV-577) 

( 5 ~ 1 0 ~ )  
a 

L 

1 

Annalon  4068-116 



8 

Subsystem 

'eat   Shield,  Engine 

nsulation.  Stage 

naulation, Frame 

miaphragm, Temp  Cor 

Pa r t  Number 

VJ-530468 (typ) 

" 

" 

" 

lo1 - 
V7-315318 

Table 7-18 

RECOMMENDED MODIFICATIONS - S-I1 INSULATION AND HEAT SHIELDS 

S lewing  

Coating 
Fabric 

Insu la t ion  

Diaphragm 

Assigned 

Modification 
Category  of 

Not C r i t i c a l  

Not c r i t i c a l  
Not c r i t i c a l  

Not c r i t i c a l  

Not c r i t i c a l  

As De 
~ ~~ 

Material  

:eflon 

lnknown 
lylon 

iilicone  rubber 

b f lon / f ibe rg la s s  

3x109 
" 

2%10Q 

5x10' 

Modifj 
Recmended 
Material  

'olyImi.de 

i i l icone resin 
ziberglass 

'olyurethane 

?olyimide 

5x109 

2x1010 



7.7.4 Radiation  Hardening  Analysis 

The engine base heat  sh i e ld  (V7-530401) is  a f iberg lass  

curtain  laced  with  fiberglass  rope.  Heat-shrinkable  Teflon i s  

used as sleeving on t h e  rope.  Fiberglass has a s u f f i c i e n t l y  

high  radiation  tolerance  to  be  used on t h e  RNS. 

The insu la t ion  materials used are cork,  polyurethane foam, 

and, t o  a minor extent ,   s i l icone  rubber .  The cork is  cemented 

in   p l ace  and the  polyurethane is  both cemented  and foamed in 

place.  The materials defined by t h e  MB spec i f ica t ions  are as 

follows : 

MB0130-007 - flame  retardant  polyurethane foam, 2-lb 
densi ty ,   for   spray  appl icat ions 

MB0120-023 - modified epoxy low-temperature  curing  adhesive 
for  cryogenic use 

MB0125-046 - coating (no  information  received) 

MBOl35-021 - woven nylon  fabr ic   for   re inforcing  phenol ic  
and epoxy r e s ins  

MB0120-008 - room temperature   cur ing,   mineral   f i l led epoxy 

MB0120-024 - low-temperature  curing  polyurethane  resin  for- 
cryogenic  use 

MB0130-069 - low-density  foam-in-place  polyurethane 

MB0130-034 - room-temperature  vulcanizing  silicone  rubber 
pas t e  

MB0130-020 - r e s i n  bonded cork  insulat ion,  8 l b / f t 3 ,  
78 + 3% by weight  of  ground  cork mixed with 
a tcermosett ing  resin  binder 
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The use  of   sealed  cork  insulat ion  in  areas near  t h e  nuclear 

engine  should  probably  be  discouraged  because of a demonstrated 

a b i l i t y  of t h i s  material t o  form and igni te   an  explosive hydrogen= 

oxygen mixture  under  irradiation. Hydrogen formed as a decomposi- 

tion  product  along  with oxygen t rapped  in  t h e  cork w a s  ign i ted  

by energy from t h e   r a d i a t i o n   f i e l d   i n  a test of a cork  insulated 

hydrogen dewar ( R e f .  26) . This  incident  occurred  after  an ex- 

posure  of  about 1.5 x 10" ergs/gm(C) but  under  other  circum- 

stances it could  conceivably  occur a t  a lower leve l ,  o r  not a t  

a l l .  Also, a marked increase   in  t h e  thermal  conductivity  of 

t h e  cork was noted   pr ior   to  t h e  explosion. 
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7.8 Stage  Structure  

7.8.1  Description and Location 

The S-11 s t age   s t ruc tu re  (V7-300011) includes t h e  LH2 tank 

(V7-332002), the  LOX tank (V7-333002), the  forward skirt ,  and 

t h e   a f t  skirt and th rus t   s t ruc tu re .  Few appl icat ions  for   organic  

materials were found, as would be  expected,  and  there w i l l  

probably  be  limited number of  requirements  for  organics  in  the 

RNS structure,   except  that   composite materials (e.g.,  boron- 

epoxy or  graphite-epoxy) may be  used i n   s k i r t s  and thrus t   s t ruc-  

tu re .  The composite materials are being  investigated  separately.  

With the  exception  of a Teflon  coated seal used on t h e  

forward  end  of the  LH2 tank, a l l  of the  components are assumed 

t o  be  located  around t h e  a f t  end of t h e  tank. 

7.8.2 Summary 

In  a l l  cases t h e  radiat ion  tolerance  of  t h e  materials i s  

near  or  exceeds t h e  predicted  nuclear  environment. With t h e  

exception  of t h e  seal i n   t h e  forward LH2 tank  bulkhead, which 

i s  i n  a low rad ia t ion   f i e ld ,  t h e  appl icat ions are not  considered 

t o  be c r i t i c a l .  The s t age   s t ruc tu re  and i t s  subassemblies would 

therefore   be  sat isfactory for use  without  modification. 

7.8.3  System Breakdown 

The rad ia t ion   sens i t ive  components i d e n t i f i e d   i n  t h e  S-11 

s t age   s t ruc tu re  are l i s t ed   i n   Tab le  7-19. 
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Par t  Number 

V7-300011 
ME261-0003 

" 

" 

V7-335900 
V7-335500 

V7-335505 
V7-335507 

V7-335516 
V7-335506 

" 

" 

Subsystem 

itage  Structure 

r f t   S k i r t   t o  Thr 

Table 7-19 

RADIATION  SENSITIVE  COWONENTS - S-I1 STAGE STRUG- (V7-300011) 

Component 

Face  coated  seal  
Insu la t ion  

F i l l e r  
Sealant 

I t  S t ruc ture  Assy 
Assembly 

Moisture Barrier 
Sealant 

Adhesive 
Cover 
Cover 

Plug 

Meterial 

Teflon  coated 
Polyurethnne foam 
Silicone  rubber 
Polyurethane/nylon 

Silicone  rubber 

Polyurethane foam 
Silicone  rubber 
Sil icone  rubber 
Silicone  rubber 

" 

Critica:  
ipp l i -  
:ation 

Yes 

no 
Yes 

no 
no 

Yea 
Yes 
no 
no 
no 
no 
no 
no 

Lronment 

:olernnce 
n(C) 1 

1x108 
1x108 

(lX109) 
(lX109) 

(lX109) 

(1x1010) 
(1x1010) 
( ~ ~ 1 0 9 )  
(2x109) 

1(5x109) 

* * 
* 

Spec i f i ca t ion   o r  Vendor 

NAVAN 
MB0130-069 
MB0130-019 
MB0120-024 res in /nylon   f iber  

MB0130-019 

MBOl30-015 
MB0130-019 
22-8-765, C 1  3 
22-8-765, C 1  3 



7.8.4 Radiation  Hardening  Analvsis 

Organic material appl icat ions from Drawing V7-300011, Stage 

Structure  Assy - Complete, Less In te rs tage ,  are as f i l l e r s  

(polyurethane w i t h  nylon  f ibers) ,   cavi ty   insulat ion  (polyure-  

thane  foam),  and  nut  and  bolt sealer (s i l icone  rubber) .  None 

of these are c r i t i c a l   a p p l i c a t i o n s .  The ME261-0003 seal is 

used i n  t h e  forward  bulkhead  of t he  LH2 tank where it is  e n t i r e l y  

sa t i s fac tory .  

No organic materials are used  in  the  assembly  of t h e  LH2 

tank  s tage  s t ructure  (V7-332002). The LH2 tank   s t ruc ture  

i t s e l f  w a s  not  investigated  since,   with  the  exception of t he  

common bulkhead, i t  i s  assrzm4 29 be of a l l  metal construction. 

The common bulkhead,  which is  an  adhesive-bonded  assembly  of 

aluminum a l l o y  and f iberglass/phenol ic  honeycomb core, will not  

have a counterpart  on t h e  RNS. 

The a f t   s k i r t   t o   t h r u s t   s t r u c t u r e  assembly (V7-335900 and 

V7-335500) and t h e  i n t e r s t age   s t ruc tu re  (V7-337001) have a 

s i l icone   sea lan t  between f a i r ings  and s t r inge r s .  The moisture 

b a r r i e r  i f  required on t h e  RNS for   cont ro l   o f  t h e  ground  environ- 

ment would not  be a c r i t i c a l   t o  completion  of  vehicle  mission. 

I f  a sealant  i s  required on the  RNS in   app l i ca t ions  similar 

t o  these, t h e  use  of  polyurethane  in  place  of  si l icone  rubber 

would give added radiat ion  res is tance.  
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V I I I .  s-IC LOX PREVALVE 

8.1 Description  and  Location 

The 17-in.   rotary  shutoff valve (Whittaker  Corporation; 

P/N 138025A), which was specif ical ly   designed  to   funct ion as the  

LOX prevalve  for  Stage S-IC of  the  Saturn V, was analyzed  and 

radiation  hardened by the  Whit taker   Corporat ion  for   potent ia l  

appl icat ion as t h e  RNS l i qu id  hydrogen  tank  shutoff valve and for  

use as  a test vehicle f o r   p o t e n t i a l   r a d i a t i o n   r e s i s t a n t  seal 

materials. The valve is  a spring-opened,  pneumatically-closed 

shutoff  valve w i t h  a nominal l i n e  s ize  of 17  inches. It is  assumed 

t o  be  flange-mounted  between the  LH2 propel lant  tank and the  suc- 

t i o n   s i d e  of  each NERVA engine turbopump. In t h i s   l o c a t i o n   t h e  

predicted  nuclear  exposure i s  1 x lo9 ergs/gm(C) for  missions 

involving a t o t a l  of  10  hours  of  engine  operation. 

The valve was modified  for  l iquid hydrogen  use  and  radia- 

t i o n  hardened by Whittaker  Corporation  under  contracts NAS8-20784 

and NAS8-20955. The rad ia t ion  effects analysis  and a descr ipt ion 

of these modifications are summarized in   Sec t ion  8.3. Upon  com- 

p le t ion  of t he  valve modifications  and  functional  checkout, 

the valve was forwarded t o  Convair  Aerospace  Division  of  General 

Dynamics fo r   i r r ad ia t ion .  Test plans and  supporting test equip- 

ment have  been  prepared  for  irradiation  testing  in Dec. 1971  under 

contract  NAs8-18024.  The test w i l l  cons is t  of several i r r ad ia -  

t ion   cyc les  a t  increasing  reactor  power levels with the valve 
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f i l l e d  w i t h  LH2. After  each cycle,  leakage measurements w i l l  be 

made a t  various test points ,  after which t h e  valve w i l l  be 

allowed t o  warm before t h e  next  cycle.  The test arrangement 

i s  t o   b e  such t h a t  t h e  actuator  and a par t   of  t h e  main seal 

w i l l  rece'ive a dose ( i f  a l l  cycles are completed)  of a t  least 

2 x l o l o  ergs/gm(C). P re -  and  post- i r radiat ion  data  w i l l  be 

used in   the  evaluat ion  of  t h e  valve  performance. 

8.2 Surmnary 

Based upon analyses  presented  in  References 29 and 30 and 

Section  8.4, it is  believed t h a t  t h e  modified LH2 valve can 

reliably  function  in  nuclear  environments up t o  1 x 10 

ergs/gm(C),  which i s  greater   than t h e  predicted RNS exposure 

and  comparable to   tha t   an t ic ipa ted   dur ing   the   i r rad ia t ion  test. 

The predicted improvements r e su l t i ng  from t h e  design  modifica- 

t ions  described  in  Section  8.3 are summarized in  Table 8-1. 

The r e s u l t s  of t e s t i n g   t h i s  valve w i l l  be  included  in test  

repor t s   for   cont rac t  NAS8-18024. 

8.3  Radiation  Hardening  Analysis 

10 

The e f f o r t  expended a t  Whittaker  Corporation  (Contract 

NAS8-20784) i n  modifying t h i s  valve fo r   l i qu id  hydrogen serv ice  

and radiation  hardening it for  nuclear  environments i s  typ ica l  

of t h e  e f for t   an t ic ipa ted   in   rad ia t ion   hardening   o ther   Sa turn  V 

components and  systems f o r  RNS appl icat ions.  A descr ipt ion of 

t h e  modified valve and t h e  research and  development required  to  
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I 

' 0 0  
I 
w 

~ ~- 

Subsystem 

~ 

Servoactuator 
~~ 

Position  Indic 

Valve Body 

~ 

Component 

Seal 
Seal 
Seal 

Gasket 
Seal 

Gasket 
Seal 
Gasket 
Seal 
Gasket 
Seal 

Seal 
Seal 

Seal 
O-ring 
O-ring 
Seal 
Seal 
Ring,  wear 
Ring,  wear 
Ring,  wear 
Ring 

tor Assy 
Seal 
Seal 
Seal 
O-ring 
Seal 
Insulat ion 
Insulation 
Packing 

Sleeve 
Sleeve 

Pos i t ion   ind ica to~  
Connector 

O-ring 
O-ring 

Washer 
O-ring 

Washer 

Gasket 
Seal 

Seal 
Seal 

Seal 
Seal 
Seal 

Table  8-1 
RADIATIOZJ SENSITIVE  COXPOXENTS  -MODIFIED  17-INCH S-IC LOX PREVALVE 

Predicted 
Gama 

!ergs/m(C)) 
Environment 

T t P a r t  Number 

110189-21 
110189-22 
134387 
135128 
136472 
136477 

136638 
136517 

136639 
136959 
136962 
200500-9 
200500-10 
200500-12 
200506-2-147 
200506-3-27 
200529-313 
200529-342 

134370 
134410 

136967 
136968 

" 

136457 
136457-1 
200500-33 
200506-2-0191 
200529-9 
100147-1 
127139 
137482 

SS379-14-10 
SS379-12-6 

136700 
100140-100 

d 
d 

" 

1001lAJ14 
134501 

d 
135129 
135707 

136767 
136719 

136769 
200500-4 
200500-25 

As  Designed 

Material  

Teflon 
Teflon 

e 
e 

Teflon 
Teflon 

Teflon 
Teflon 

Teflon 
Teflon 

e 
e 
e 
e 

Teflon 
Teflon 

e 
e 

Teflon 
Teflon/glass 
Teflon/glass 
Teflon 

" 

" 

e 
e 
e 

Teflon 
Teflon 

e 
e 
e 
e 
e 
e 
e 

d 
d 

e 
e 
d 
e 

Teflon 
e 
e 
e 
e 
e 

Tolerance 
ergs/gm(C) 

7x106 

7x106 
7x106 

7;1O6 
7x106 
7x106 
7x106 
7x106 
7x106 

e 

e 
e 
e 

7:1O6 
7x106 

7;1O6 

e 

lxlOl0 
1 x 1 0 ~ 0  
7x106 

7x106 
e 
e 

7;1O6 
7x106 
e 
e 
e 
e 
e 
e 
e 
d 
d 

e 
e 
d 

7;1O6 
e 
e 
e 
e 
e 

T 
Elaterial 

" 

NARK0 7343a 
NARMCO 7343a 
Compositeb 
Compositeb 
Kynar 
Kynar 
Kynar 

Kynar 
Kynar 
Kynar 
Composite' 

Composite' 
Compositeb 

Kynar 
Kynar 
Kynar 
Kynar 

Kynar 
Kynar 

Kynar 
Kynar 

Kynsr 

Compositeb 
Compositeb 
Compositeb 
Kynar 
Kynar 
Kynar 
Kynar 
Kynar 
Kynar 
Kynar 

" 

C 
C 

Kynar 
Ky""r 

Kynar 
Kynar 
Kynar 
Kynar 
Asbestos 

Kynar 
Kynar coated 

Kynar 
Composite' 
Composite' 

As Modified 

(erss/an(c)l 
Tolerance 

1x1010 

1 x 1 0 ~ 0  
1x1010 

1 x 1 0 ~ 0  
1x1010 
3 ~ 1 0 ~ '  
3x1010 

3x1O1O 
3x1010 

3 ~ 1 0 ~ '  
3 ~ 1 0 ~ '  
3x1O1O 
1 x 1 0 ~ 0  

1 x 1 0 ~ 0  
lxl010 

3 ~ 1 0 ~ '  
3x1O1O 
3 ~ 1 0 ~ '  
3x1O1O 
3x1O1O 
3x1O1O 

3x1O1O 
3x1O1O 

1 
New Part 

Number 

1101898-21 

NR357-65 
110189A-22 

NR357-67 
13647% 
136477A 
136517A 
136638A 
1366398 

13696% 
136959A 

NR357-39 
NR357-kl 
NR357-43 
2005068-2-14 
200506A-3-2 
2005298-313 
200529A-342 
134410A 
13437A 
136967A 
136968A 

" 

NR357-33 
" 

NR357-35 
NR357-47 
2005OEA-2-019 
200529A-9 
100147A-1 
127139A 
137482A 

SS379A-14-10 
SS379A-12-6 

C 
C 

10014OA-200 
10014OA-300 

l0OlllA 
1345OlA-1 
1345OlA-2 
1351298 
135707A 

1367678 
1367198 

1367698 
NR357-37 
NR357-47 



r 
Subsystem Component 

Seal 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal 
Seal,  face  coated 
Seal,  face  coated 
Seal,  face  coated 
Shim 
Shim 
Bushing 
Pod 
Lubricant 
Washer 
Ring 

Table 8-1 (continued) 

RADIATION SENSITIVE  COMPONENTS  -MODIFIED 17-INCH S-IC LOX PREVALVE 

Predicted 
Gamma 

(ergs/gm(C)) 
Environment 

1x10 9 I 

Part Number 
-~ ~~ ~ 

200500-34 
200500-36 
200500-38 
137500 
200500-40 
200518L10 

MC252S2TA 
200518-11 

MC252S6TA 
MC252S4TA 

136961 
136960 

137069 
137328 
129358-1 
136317 
MS9058-06 

A s  Designed r 
Material 

e 
e 
e 
e 
e 
e 
e 

Teflon WE coated 
Teflon TFE coated 
Teflon TFE coated 

e 
e 

Teflon/glass 
Teflon/glass 

Teflon/glass 
e 

e 

e 
1x108 
1x108 
1x108 
e 

lIl010 
e 

As  Modified 

Material 

Composite’ 
Compositeb 
Compositeb 
cmpositeb 
Compositeb 
Kynar 
Kynar 
Kynar coated 
Kynar coated 
Kynar coated 
Kynar 

.Kynar 
Kynar 

Kynar 

Kynar 
Kyna r 

-~ 

MoS2 

aNARMCO 7343 i s  a polyurethane  base  material  fabricated by Whittaker Corp. 
bComposite material i s  mixture of Kynar, Teflon, and fiberglass. 
‘Component eliminated  in  modified  configuration. 
dComponent added in design  of  modified  configuration. 
eComponent is p a r t  of  an  assembly  and specific  material  i s  not   ident i f ied  in   the maintenance manual for   this   valve.  

Tolerance 
ergs/gm(c)) 

lxl010 
1x10~0 
lxl010 
lXlOl0 
1x10~0 
3x1010 
3x1O1O 
3x1010 
3x1010 
3x1010 
3x1010 
3x1010 
3x1010 
3x1010 

3x1010 
3x1010 

>lX1010 

New Part 
Number 

NR357-49 
NR357-57 
NR357-51 
NR357-53 
NR357-55 
200518A-10 
200518A-11 
MC252S2-A 
MC252S4-A 
MC252S6-A 
136960A 
13696lA 
137069A 
137328A 
1293588-1 
1363178 
MS9058A-06 



radiat ion  harden  this  valve is  presented  in  References 24 and 

25. The r e s u l t s  of t h e i r  e f f o r t s  are summarized i n  t h e  follow- 

ing  paragraphs. 

The objective  of t h i s  program was t h e  replacement of a l l  

ex is t ing   rad ia t ion   sens i t ive  seals, insu la tors ,   lubr icants ,  etc. 

wi th   rad ia t ion   res i s tan t  materials t h a t  would  conform t o  t h e  

exis t ing  valve geometry  envelope. 

The i n i t i a l  work was directed toward investigating  poten- 

t i a l  materials fo r  each required  appl icat ion,  examining  process 

techniques, and testing  candidate  designs. The modified valve 

was sub jec t ed   t o   t e s t ing  a t  ambient  and  cryogenic  temperatures 

to  determine i t s  conformance to   func t iona l  and  leakage  require- 

ments as set fo r th   i n  t h e  procurement spec i f ica t ions   for  t h e  LH2 

shutoff valve . 
A t o t a l  of e leven  different  materials and/or material com- 

binat ions were invest igated  for   gaskets  and seal appl icat ions.  

Several  of t h e  candidates were eliminated from fur ther   s tudy 

s ince  it was f e l t  t h a t  considerable  process  technology and 

development would be  required  for  ei ther  polyimide  or  poly- 

benzimadazole (PBI) cryogenic  sealing  applications.   (Since 

t h a t  time, addi t ional   research and  development work indicates  

t h a t  polyimide and PBI should  be  considered.)  Gaskets were 

fabricated from each  of  the  remaining  candidate material fo r  

preliminary  leak,  energy  absorption,  and stress relaxat ion 
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t e s t ing .  The r e s u l t s  of t h i s  test program indicated: 

1. 

2. 

3.  

4 .  

5. 

The 

F i l l e d   o r   u n f i l l e d  Kynar showed t h e  greatest  promise 
for  use as wear pads  and in   nonc r i t i ca l   s ea l ing  
appl icat ions.  

The addition  of f i l l e r  materials t o  t h e  Kynar molding 
material decreases i t s  seal ing  capabi l i ty ,   pkimari ly  
because qf i t s  noncompressibility  and  uneveness. 

Improved processing  techniques  enhance t h e  relia- 
b i l i t y  and sea l ing   capabi l i ty  of molded K y n a r  seals. 

A composite seal of  Kynar,  Teflon TFE, and f ibe r -  
g lass  showed evidence  of  cracking and crazing. 
This was a t t r ibu ted   t o   d i f f e rences   i n  t h e  thermal 
expansion  coefficients  of  the Kynar encapsulating 
material and t h e  laminated  composite  of  Teflon 
TFE and  fiberglass. Changing the  processing tech- 
niques  eliminated t h e  thermal stress problem  and 
r e su l t ed   i n  a composite material w i t h  s a t i s f ac to ry  
sea l ing   ch rac t e r i s t i c s  a t  both  ambient  and  cryogenic 
temperatures. 

Kynar and Kynar composite materials were selected 
as t h e  best  materials for   gaske ts ,  seals, e tc .  

Whittaker  Corporation  17-in.  prevalve (P/N 138025) was 

modified by subs t i tu t ion  of Kynar and Kynar composite materials 

and subsequently  subjected  to  temperature  compatibil i ty and 

leakage 

1. 

2. 

3. 

tests. The r e s u l t s  of these tests are summarized  below: 

Leakage tests a t  ambient conditions  indicated several 
seals had t o  be  reworked  and  thicknesses  increased t o  
provide t h e  same sealing  capabili ty  provided by t h e  
o r ig ina l  seal materials. 

The main seal assembly requires  a redesign  for  long- 
term storage  appl icat ions.  

The valve  visor   did  not  open completely  or  in t h e  re- 
quired time. T h i s  w a s  a t t r i b u t e d   t o  t h e  increased 
s t i f f n e s s  of t h e  Kynar seal as compared t o  t h e  Teflon 
employed i n  t h e  o r ig ina l  seal design. This  can  be 
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corrected by e i ther   us ing  a more f l e x i b l e  seal material 
or  by increasing  the  spr ing  pressure on the   v i so r .  

Upon completion  of these tests a t  ambient  and l i qu id  

nitrogen  temperatures, a second  phase  of  radiation  hardening 

and  valve  modification was performed by Whittaker  Corporation 

under  Contract NAS8-20955. The second  generation  modified 

valve corrected a l l  def ic ienc ies   no ted   in   the   in i t ia l   modi f ica-  

t ion  through  the  subst i tut ion  of  a polyurethane  base material 

fo r  O-rings  and  special seals, elimination  of t h e  posi t ion 

potentiometers  with a switch  assembly,  and  by  reworking several 

valve  assemblies. The valve was then  subjected  to  leakage and 

compatibi l i ty  tests a t  l i q u i d  hydrogen  temperature. The 

r e s u l t s  

1. 

2. 

3 .  

of t h i s  test program are summarized  below: 

A Kynar seal i n   t h e  main seal area which  had 
numerous close-through  bolt   holes  shattered due 
to   excess ive  thermal stresses. A Garlock 900 
asbestos mat seal was substi tuted  for  the  remainder 
of t he  program. 

A t  l i qu id  hydrogen  temperature,  the valve v i so r  
did  not  open completely.  This w a s  due t o  an   in te r -  
ference between t h e  inner  and ou te r   she l l s  of t h e  
spring  capsule.  This  problem w a s  eliminated by 
increasing t h e  inner  diameter of t h e  outer  s h e l l .  

The thickness  of several seals had to   be  increased 
to  prevent  leakage  caused by the  increased  thermal 
cont rac t ion   tha t  was not  compensated f o r  by the 
compressibi l i ty   of   the  seal. 

Upon correction  of t h e  above  design  deficiencies,   the 

nodif ied valve successfully  demonstrated i t s  a b i l i t y   t o  meet 

the  leakage and funct ional   operat ion  requirements   for   l iquid 
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hydrogen valves. Table 8-1 l is ts  the  modifications  incorporated 

in to  t h e  valve submitted  to Convair  Aerospace  Division  for 

t e s t i n g   i n  a combined nuclear / l iquid hydrogen  environment. As  

noted, t h e  recommended radiat ion  tolerance of t h e  modified  valve 

is  1 x 10 ergs/gm(C).  Since t h i s  l i m i t  i s  comparable t o  t h e  

planned  nuclear  exposure a t  General Dynamics, 2 x 10" ergs/gm(C), 

i t s  ab i l i t y   t o   success fu l ly   ope ra t e  under t h e  combined nuclear /  

l i qu id  hydrogen  environment i s  viewed w i t h  optimism. The pre- 

dicted improvements r e su l t i ng  from these modifications are a l so  

presented  in  Table 8-1. 

10 
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