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Related' Systems Evaluation 

The purpose of the investigation by Panel 6 was t o  reevaluate the 
Apollo system design i n  l i gh t  of the  fa i lu re  of the CSM cryogenic oxygen 
tank which caused the abort of the  Apollo 13 mission. 

Figure 1 outlines the  maximm scope of the re la ted systems evaluation 
tha t  w a s  considered as s resu l t  of t5e Apollo 13 incident. Consideration 
was l imited t o  gaseous and l iquid  s~bsystems. Subsystems hardware is 
divided in to  six categories a t  the  top of the matrix. Potential  causes 
of fa i lu re  and t he i r  consequences are  l i s t e d  ver t i ca l ly  along the  l e f t  
s ide of the  matrix. The rat ionale used i n  reducing the scope of the  
Panel 6 investigation t o  a more manageable s ize  was: 

1. The A ~ o l l a  13 incident w a s  apparently an e lec t r i ca l ly  induced 
fa i lu re  i n  an oxygen tank. Therefore, emphasis should be placed on: 

a. Oxygen and oxidizer systems 

b. Elect r ical ly  induced modes of fa i lu re  

2. Subsystem fluid l ines  and l i ne  components without e l ec t r i c a l  
interfaces were not included because : 

a. The probability of finding design deficiencies i n  these portions 
of the subsystems seemed very low in view of t5e  g ~ u n d  ar-d f l i gh t  t e s t  
experience t o  date. 

b. These types of components and t he i r  fa i lu re  modes a re  not 
re la ted t o  the  Apollo 13 incident. 

c. m e  quantity of l ines  aqd componerits is  so large that  the  e f for t  
required t o  evaluate these l ines  and components would reduce significantly 
the effort  available for the  Apollo 13 re la ted system investigations. 

Note that  an exception has been made t o  include a review of the  
compatibility of non~cetallic materials i n  all high pressure (20 psi)  
oxygen and oxidizer subsystem components. 

3. Fluid l i n e  components with e l ec t r i c a l  interfaces i n  non-oxygen/ 
oxidizer subsystems were also eliminated for the  same reason l i s t e d  under 
item 2. 

4. For f lu id  l i ne  components with e lec t r i ca l  interfaces i n  oxygen/ 
oxidizer systems, the  investigation was limited t o  tha t  portion of t!~e 
system with pressures greater thsn 20 psi. The low pressure portion of 
the  oxygen systems was. reviewed thoroughly a f t e r  the Apollo 204 accident 
and has been under rigorous control since thec. 



5. The investigation of fracture mechanics as a potent ia l  cause 
of GSE tank fa i lu re  has not been included because of the  large safe ty  
factors employed i n  GSE tank design. For the  spacecraft and GFE 
subsystems, fracture mechanics has not been included i n  t h i s  investiga- 
t ion  due t o  a separate review being conducted by the  Structures and 
Mechanics Division, Directorate of Engineering and Development, MSC. 

6. Manufacturing and process discrepancies as  a potential  cause 
of fa i lure  were only considered f ~ r  those tanks which had in ternal  
e lec t r i ca l  components and those oxygen and oxidizer l i n e  components 
which had di rect  contact between f l u id  and e l ec t r i c a l  elements. A 
general manufacturing and process review was well beyond the  scope of 
t h i s  evaluation. Those types of tanks and components describedwere 
judged t o  be the most probable souces  of inf l ight  fa i lures  due xo 
rnanufacfuring and process discrepancies for  the  types of subsystems 
included i n  the  matrix. 

7. Con tdna t i on  as a source for  e i ther  mechanical or  chemically 
induced fa i lure  of a subsystem has not been included i n  the  investigation 
because: 

a. Cleaning and f i l t e r i n g  techniques employed i n  t he  program have 
been generally effective i n  l imiting contamination. Sampling is  performed 
on most f luids ane. gzs systems during loading as a f i na l  check. 

b. The identif ication of a l l  potential  sources of contamina%ion 
and the  consequences t o  each subsysten: were beyond the  capabil i ty of 
resources and time availa'ol e . 

c. Contamination is :lot now a prime suspect of the  cause of the  
Apollo 13 incident. 

8. Estimates of b las t  and shrapnel damage potential  were l imited 
t o  tanks because there was not sufficient  time t o  extend these estimates 
t o  the  many l ines  and components. 

9. The evaluation of the conseqiiences of a f l u id  s p i l l  f r ~ m  tanks 
or l i n e  components has been limited t o  an identif ication of the  types of 
spacecraft materials which would be damaged i f  the f l u id  were released 
from the  subsystem. Component damage due t o  a single fa i lu re  within the  
component was considered as a means of assessing the  acceptabil i ty of 
the comp~nent design. 

Tile findings of t h i s  investigation are reported i n  separate 
reports as follows: 



Volume I Summary 

Volume I1 Lunar Module 

Volume 111 Command and Service Module 

Volume IV. Government Furnished EQuipment and 
Ground Support Equipment 

Table 1 l i s t s  the  pressure vessels reviewed and c lass i f i es  them 
with regard t o  t he i r  damage potential  i f  they should exceed burst 
pressure. 

Table 2 c lass i f i es  the  components of the  LM, CSM, and GFE which 
were reviewed with regard t o  the  nature of the  f lu id/e lect r ical  interface 
and the  type of f luid.  Appendix A contains the  cross sectional  diagrams 
and c i rcu i t  protection diagrams for those components having direct  
contact with oxygen or oxidizer. 

Table 3 describes the  application of Teflon derivative materials 
under high mechanical and pneumatic s t ress  conditions. 

The conclusions of the  panel were as follows: 

1. LUNAR MGDULE (m) 

a. None 3f the  e l ec t r i c a l  components iilvestigat ed consti tute 
ignit ion sources in the i r  normal operating modes. Only the RGS 
normally exposes e l ec t r i c a l  devices di rect ly  t o  the  pressurized fluid.  
After thorough analysis it i s  concluded thzt  adequate c i rcu i t  protection 
i s  provided t o  preclude ignition. 

b. With respect t o  materials compatibility, it i s  concluded that  
materials i n  all components, operating in  t h e i r  normal modes, are 
compatible with t he i r  respective f l u i d  eovironment. 

c. There are instances of single point fa i lures  where in ternal  
s t ructural  fa i lures  can expose non-conpatible materials t o  the  f l u id  
environment. Each of these has been assessed and, f romthe nature of 
t h i s  fa i lure ,  declared t o  be an acceptable r isk .  

d. Based on l i t e r a tu r e  s e a c h  on the subjects of the  capabil i ty of 
oxidizer or f i e 1  t o  support combustion of the vazious nonmetallic 
materials a t  elevated temperatures, and impact ~ e i i s i t i v i t y  of CNR, EPR, and 
Butyl rubber in oxidizer or &el, it 5s concluded tha t  no substantive 
data are available on e i ther  subject. 

e. Based on a review of the no1,rnal operating modes of the various 
high pressure systems, 'it  i s  concluded tha t  the IM pressure vessels are 
protected with adequate redundancy against fa i lures  of such mechanical 
components as pressure regulators, check valves, r e l i e f  valves, and burst 
discs. In addition, a l l  of the  high pressure systems i n  the LM are 
designed with adequate s t ructural  factors of safety. 



f .  Because there xtle no e l ec t r i c a l  components in the LM pressure 
vessel systems that  can intent  ionally or accicielltly increase. tank 
pressures a significant  amount, the only r e a l i s t i c  fa i lu re  mechanism 
would appear t o  be the loss or degradation of thermal blankets. Such 
a fa i lure  could expose the tanks t o  direct; solar  heating. Analysis has 
shown that  re la t ively  short periods of a t t i tude hold are r e q ~ i r e d  
(1/2 - 2 hours) t o  obtain a hazardous pressure and ternperatwe increase 
i n  the gaseous He tanks. I f  the  U4 were maned, then such a fa i lu re  
would be detected and corrective action could be taken. The period of 
most concern i s  translunar coast, when the EN i s  unmanned and unmonitored. 
However, a passive thermal control mode (slow rotat ion) is normally 
employed during t h i s  mission phase which resu l t s  i n  a l ternate  intervals 
of solar heating and deep space cooling. E-;tended a t t i tude holds are 
possible during t h i s  phase; hogever, except f n r  the gaseous He tanks, a l l  
tanks remain within design l imi t s  for a t t i tude  hold periods up t o  
four hours. Wrapping of the  gaseous He t m k s  with H-film could reduce 
the absorption of solar so that  a t t i tude holds of a t  l e a s t  :our 
hours xould be permissible. The  roba ability of undetected thermal 
blanket loss  has been investigated, resal t ing in the conclusion t ha t  
loss  or degradation of significant  blanket area i s  not a r e a l i s t i c  
poss ibi l i ty  in view of the  fastening techniques and forces available 
during the various mission phases (e.gj. launch and boost, SLA 
deployment and ejection) . 

g. It i s  cfiiiclu6ed that a, Dxygen leak on IEI exterior materials 
does not present a problem since the inculatian b_l-ankets and d c r o -  
meteoroid shield w i l l  only maintain a pressure of l e s s  than 0.1 p s i  
without rupturing. Combustion would not be supported at such a low 
pressure. 

h. The eni i re  I&! has not been designed t o  be compatible with 
N204 or A-50. I f  an oxidizer or A-50 t.ank were t o  leak or  
s p i l l  i t s  contents, many non-comp3;tible materials would be exposed. The 
LM i s  leak checked before a miseion t o  an extremely t i gh t  specification; 
therefore, tankage leaks shmdd not exis t  for a normal mission. 

i. The study of KOH spil lage ~cr~c luded  t ha t  of the  metallic 
materials, only aluminum has shown a tendency t o  corrode. The space 
environment should preclude even the aluminum reaction, because of 
rapid vaporization of the  water from the e lect rolyte  and i ts  subsequent 
freezing. One possible area of concern I s  the  fracture mechanics s t ress  
corrosion effects of a KOH s p i l l  on a highly stressed pressure vessel, 
such as a gaseous helium bott le.  No information i s  available on t h i s  
subject. KOH cannot be sp i l l ed  from any of the  IM bat ter ies  even i f  
the  case vents do not f u n c t i ~ n  properly, -mless there i s  an accompanying 
e l ec t r i c a l  fai lure.  The IM bat ter ies  all have vent valves t o  re l ieve 
product gases. I f  the vent valves were t o  f a i l ,  the  primary bat ter ies  
would rel ieve through the gasket cover, whereas the  pyro bat tery  cases 
would sp l i t .  In e i ther  case there i s  l i t t l e  poss ibi l i ty  of an explosive 
battery case rupture. The primary battery vent valves are  operationally 



checked just  pr ior  to  vehicle installation. A similar check w i l l  be made 
on the p p  batteries. There ere no dote cn the burst cha r~c te r i s t i c s  of 
the batteries. h 5 C  is  i n  the process of obtaining these data. It is  con- 
cluded that the spillage of KOH i s  extremely unlikely, and, combined with 
the possibil i ty of getting on e highly stressed pressure vessel, the risk 
is acceptable. 

j. It i s  impractical t o  protect the LM against a fragmentary fai lure  
of a q j r  pressure vessel; therefore, the system design must preclude this  type 
of failure.  

2. COMMAND AND SERVICE MODULF: (CSM) 
A l l  subsystems and components reviewed are considered acceptable with 

the follclwlng exceptions: 

a. Environmental control system (ECS ) 

The quantity gaging system (including the electronics) in  the potable 
water and waste water tanks is  exposed to  oxygen a t  pressures of 25 psia 
during f l igh t  and 35 psia during countdawn. The electronics is supplied by 
28 Vdc through 'two 5 emp circui t  breakers. The acceptability of th is  
design w i l l  require additional ignition tes t s  which have already been ini- 
tiated. 

The following tasks were not completed during the ECS review due to  
lack of detniled ccslrponent information: 

(1) Review of cyclic accumulator O2 control valve 

(2) Review of 0 flow transducer 2 

(3) Review of O2 pressure transducer, 100 ps i  system 

(4) E C  r e v i e  of nonmetallics, which are used on FCS O2 l ine  
components, that fJR has accepted by similarity. 

(5) Verify that  no electr ical  source could coine i n  contact with 
the 100 or 900 psi. aiuminm lhes I n  the O2 control panel and the ECU. 

?!he required infomation i s  being assembled by the contractor and the 
review w i l l  be ccmpleted. 

b. Electrical power system (EPS) 

It was not possible to  establish the acceptability c r  unacceptability 
of the cryogenic hydrogen tank design. Sufficient information could not 
be found i n  the l i terature  to  conclusively s ta te  that  shorting of the in- 
ternal e lectr ical  components of the tank would not in i t i a t e  a sustained 
reaction of some kind which could eventually either f a i l  the tank or destroy 
a l l  internal functional capability. The necessary tes t s  t o  resolve these 
issues have been init iated. 



Even if such sus ta ined  react ions a r e  shown not t o  e x i s t ,  it is not 
poss ib le  t o  determine whether shor t ing  of a s i n g l e  i n t e r n a l  component w i l l  
o r  w i l l  not damage through propagat.ion t o  enough of t h e  o ther  i n t e r n a l  func- 
t i o n s  of t h e  H2 tank t o  cause a mission abort .  The necessary t e s t s  t o  
determine t h e  extent of propagation have been i n i t i a t e d .  

Compatibility t e s t s  a r e  required t o  e s t ab l i sh  t h e  accep tab i l i t y  of 
so lder  and brass  i n  H and have been i n i t i a t e d .  

2 

The d i r e c t  contact between high pressure gaseous oxygen (935 p s i )  and 
Teflcn-covered power wiring which cannot be inspected a f t e r  f i n a l  assembly, such 
a s  i n  t he  f u e l  c e l l  oxygen shut  of f  solenoid,  i s  considered an unacceptable 
design. 

The O2 purge valves and reac tan t  pressure regula tor  have nonmetallic 
mater ia l s  i n  high mechanical s t r e s s  appl icat ions whose accep tab i l i t y  could 
not be uncondit iona:Lly establ ished.  The necessary impact t e s t s  have been 
i n i t i a t e d .  Ti-e pressure switch and t h e  pressure t ransducer  i n  t he  02 system 
valve module and t h e  pressure transducer i n  t h e  f u e l  c e l l  a r e  condit ional ly 
acceptable pending r ece ip t  of fu r the r  de t a i l ed  information. 

Pyro and en t ly  b a t t e r y  t e s t  da ta  a r e  not s u f f i c i e n t  t o  e s t a b l i s h  pres- 
sure capabi l i ty  and acceptance procedures and not adequate t o  insure  satis- 
fac tory  qua l i ty  cont ro l  during mauufacturing. The necessary t e s t  w i l l  be 
performed t o  provide t h i s  assurance. The b a t t e r i e s  a r e  bel ieved t o  have 
t h e  required pressure capabi l i ty .  

c. Service propulsion system (.SPS) 

It was not poss ib le  t o  e s t ab l i sh  t h e  accep tab i l i t y  o r  unacceptabi l i ty  
of t he  d i r e c t  contact of e l e c t r i c a l  components and Teflon with oxid izer  and 
f u e l  which e x i s t s  i n  t h e  SPS quant i ty  gaging sensors.  Analysis ind ica tes  
tTlere should be no problem. Test haee been i n i t i a t e d  t o  confirm t h i s  anal- 
y s i s .  

Compatibility ( r eac t ive  decomposition of A-50 v i t h  Kovar o r  ~ i - ~ ~ a n - ~ )  
t e s t s  a r e  required snd have been i n i t i a t e d  t o  es5abi ish t h e  accept&bi l i ty  of :  

(1 )  Kovar i n  Aerozine 50 

( 3 )  Solder i n  N204 (flammability) 

3 GOVERNMENT FURNISHED EQUIPMENT (GFE) AND GOVERNMENT SUPPORT 

GFE 

A l l  GFE pressure vesse ls  and oxygen systems a r e  considered s a t i s f a c t o r y  
with t h e  following e x ~ e p t i o n :  



The -7 K 8 S  0 bottle should not use aged Arde material since the 
predicted fai lure  2ode a t  ~xispum design operating pressure is  by fracture 
rather than by leakage, as i n  the -6 PLSS. A decisf-on has been made to  
replace th is  material. 

GSE 

Oyygen Systems 

The available information on the GSE oxygen systems was not sufficient 
to verify the acceptability of the design with respect to: 

a,  Impact eensitivity of nonmetallic materiels application. 

be Characteristics of e lectr ical  component interfaces with oxygen. 

c. Accwnulation of contaminants. 

The required information i s  being assembled t o  complete the review. 
Usage experience indicates no problem areas, 

Hydrogen Dewar 

Review of the hydrogen dewar indicates that the design and procedures 
are acceptable with the following exceptions: 

a. The possible presence i n  the system of shock sensitive materials. 
Accmulation of these materials over a period of time may cause quantities 
t o  exceed a e  maximum allowable. An investigation has been init iated to  
determine if such accumulations can occur. 

b. Component failures have occurred wnere external l'eak~ge of geseous 
hydrogen was detected. A review of the need for more frequent sezvicing or 
redesign of these components has been init iated. 



The recommendations of Panel 6 arc: 

1. GENERAL 

a. Re-evaluate the  des i rab i l i ty  of adding acceptance vibration 
tes t ing  on tanks w i t h  in ternal  e l ec t r i c a l  canponents. 

b. Broaden the  present materials controls t o  assure MSC sur- 
veillance of all materials requirements and applj.cations. 

c. Conduct intentional  fault t e s t s  on all spacecraft compon- 
ents where caubustion i s  possible t o  assure adequate design 
margins and c i r cu i t  protection. 

2. LUNAR MODULE (IN) 

a. !Che gaseous h e 3 . i ~  tanks should be mapped v i t h  a single 
layer of H-film f o  preclude the  effects  of KOH a t tack 
fram battery spUAge and t o  reduce the effec.1;~ of d i rect  
solar  heating . 

b. The pyro battery activation procedure should be modified 
t o  include vent valve checkout. 

c. The requirement for the  APS propellant l eve l  detector 
should be investigated fiurther, and the  units  should be 
removed or inerted if found t o  be unnecessmy. 

d. Additional inaterials tes t ing  should be conducted i n  those 
areas where a general lack of engineering data have been 
discovered. 

Specifically, the  fol lar ing tests should be conducted: 

(1) GOX impact tests of all L! 02 system impact applica- 
tions. 

(2) Combustian and ignit ion t e s t s  of appropriate LM ma- 
t e r i a l s  i n  and A-50 f o  verify ~u la ly t ics l  con- 
clusions of t h i s  study. 

(3) Impact t e s t s  of all nonmetall is  i n  Ul N2O4 and A-50 
impact a3plications. 

(4) Conduct present standard O2 f lash and f i r e  test a t  
elevated pressures t o  verify the  applicabil i ty of 
exist ing ambient data. 

e. B u r s t  tests on bat ter ies  should be conducted. 



b r f m  analyses of the water quantity gaging system t o  determine the 
integrity of the transducer cover and the ncn-propagation of flame t c r  
the bladder far a w o r s t  case short in the transducer. If the resul ts  
indicate a marginal factor of safety, perfarm a test using actuc3 hard- 
w a v  for both fl-t and ground ~ O n d i t i ~ n ~ .  A t  the same time, the re- 
quirement for  a wa+a quantity gaging system should he re-exanined t o  
debmine if it is mandatary for fl ight.  - 

CaqUte the ECS reviev f a r  the r'ollcwing: 

(1) Q c l i c  accmulatar 4 control valve 

(2) % f l w  transducer 

(3) C$ p s s u  2 trensducer, 100 psi system 

Cauplete the review of a U  nonmeta3ics on 02 l ine  cuuponents tha t  Mi 
has accepte2. by similarity. acmetBllics are found not accepta5le 
for  high pressure 02 then review the components, vhich contain these non- 
metal l ic~,  w i t h  the guidelines far this st*. 

b. ELEXXUGAL POWER SYSTEM (WS) 

%st  plans already init iated should be ccmpleted t o  determine whether: 

(1) Sustained reactions can be ini t ia ted by m e w  of 
electr ical  s h d s  in the CSM cryogenic hydrogen tank 
wiring. L* reactions can be initiated, are they suf- 
ficiently energetic t o  rupture the hydrageu tank or 
lilies? 

(2) I f  rio sustained reactions can be ider-tified, can a 
single electr ical  short within t h e  tank or conduit 
result  i n  fai lure  of enough tank functions (heaters, 
fan, quantity, -ratwe) t o  result i n  a mission 
abort? 

Cauplete the redesign of the fuel  c e l l  oxygen shutoff valve (or system) 
already M t i a t e d .  

Proceed ~ i t h  the MSC te s t s  of impact of nonmetallic materials i n  high 
pressure oxygen t o  resolve the issues associated with the oxygen purge 
valve c.ld reactent pressure regulatars. 



Review expected information on oxygen system valve module pressure switch 
and pressure transducer and fuel c e l l  pressure transducer t o  determine 
vali2ity of conclusions reached t o  date and take necessary action i f  
proven invalid. 

Canplete the testing already ini t ia ted t o  tietennine the burst capability 
of the entry and py~.o battery cases and modiFy the acc~ptance t e s t  pro- 
cedure t o  include a proof pressure test consistent vith the resul ts  of 
the burst test. 

c. SERVICE PROPULSION S?XFEM (SPS) 

Complete the testing already ini t ia ted t o  determine whether sustained re- 
actions can be ini t ia ted i n  the SPS quantity gaging sensors within the 
energy limits of each application. 

d. Complete *he testing already ini t ia ted t o  resolve the can- 
pa t ib i l i ty  i ssms mentiomd i n  the CONCLUSIONS SECPION. 

e. Review a l l  pressure vessel acceptance cr i ter ia ,  test and 
checkout procedures and operational procedures. 

4. GGf?SUWXC FIRMSHED EQUDMENT (GFE) AM) [;ROUND SUPPOFU! EQUIP- 
MENT (GSE) 

The mabrial  i n  the -7 PLSS O2 pressure vessel should be changed t o  one 
having z fai lure  mode of leakage rather than fkzcture a t  maximum design 
operating press-we. 

Analysis should be mde of the effect of releasing the contents of the 
l i f e  raft C% 5ot t le  into the CM cabin. 

Obtain the necessary infarmation t o  complete the evaluation of the GSE 
oxygen systems. 

Perfarm a revieir of the hydrogen d e w  system t o  determine any sources 
of contu;iinaticn and the constituents. This study should include metal- 
l i c  as w e l l  as  nonmetallic contamination and should investigate the ac- 
emulation of contaminants over a period of time. 

Investigate components i n  the hydrogen d e w  system that  have demon- 
strated excessive failures t o  determine the necessity of periodic change 
of seft gCCdc m ~ o s s ~ ? J . S ~ C  redrsLgT. 





TABLE 1 - '3UliACTERISTICS OF PRESSURE VESSELS REVIEWS 

(a) CM TANK SUMMARY 

i INTERXAL 
COMPONGNTS 

(NOTJ~ 1) 

Metallic 

Metallic 

Nan-metallic 

Non-metallic 

None 

Nun-meta11ic 

E lec t r i ca l  

E lec t r i ca l  

I 

Life Eiaft 
Pressure 2 None 4500 0.014 Leak C 

NO. 
PRESSURE OF 
VESSEI, ANKS 

RCS 2 
Helium 

MAXIMUM 
PRESSURE, PSI TNT ( LRS ) 

EQUTVALEXT 

ECS 1 
Oxygen 
Surge 

RCS Prap. 
Oxidizer 

RCS Prop. 
Fuel 

Cabin Represe. 
Oxygen (ECS) 

Glycol 
.Reeer~o i r  (ECS) 

Potable 
dater  ( ECS ) 

Waste Water 
( ECS 

i 
FRACTURE 
MODE 

Fragment 

Rupturr 

Rupture 

Rupture 

Leak 

Leak 

Leak 

1 

2 

2 

3 

1 

2 C 

DAMAGE 
Wl?ENTTAL 

LOWEST 
DOC TEST 
BUWT 

8600 

2150 

885 

1040 

PROOF 

6667 

1356 

480 

480 

NORMAL'LIMIT 

4240 

910 

CLASS : 
(NOTE 2) 

A 

A 

A 

A 

C 

C 

C 

r= ak 

PT BURST 
PRESSURF: 
(EA TANK) 

0.143 

0,126 

0.050 

0.041 

5000 

1320 

*Design 

0.068 

0.002 

0 . ~ ~ 8  

0.015 29p 1110 ~ j 2  la-g7 
09 

2702 

910 

5OWG 
8-2702 

18-22 

"go 1 -2'7 
02 
1 8 H  0 

295 

295 

1210 

60WG 
27 O2 

48H20 

27 02 

40H20 

'360 

360 

1600 , 2767 

90WG 
40 0, 

64%0 

30 05! 

0 

420 

*103%0 

"100 O2 

130U 0 



T A B U  1 - C O N T I W  

(b) SM TANK SUMMARY 

INTERNAL 
C O ~ ~ S  

(NWE 1)  

None 

Electrical 

Electr ical  

Metallic 

Mone 

None 

Non-metallic192 

Non-metallic 

Electr ical  

r * 

1 , PRFSSURE' 
vmsn I T- 

REMARKS 

* 

@8"% 
Su 
~ a %  

6PS ~elium- 

SPS Prop. 
Oxidizer 
SPS Prop. 
Fuel 
RCS Helium 

SPS GN2 

Pan Camera 

GN2 

RCS P r i m .  
Oxidizer 

RCS P r i m .  
Fuel 

PRESSURE, FSI 

1 

RCS Sec. 4 3xidizer Non-metallic !I92 I 248 1480 

2 

.2 

2 
4 

2 

1 

4 

4 

I 

TNT( LBS ) 
EQUIVAL:TVT 
AT BUIGT 
PRESSURE 
(EA TANK) 
13-95 

3.88 

3.88 
0.40 

NORMAL 

3585 

182 

182 
4240 

1 I 885 

kH2 Cry0 i 2 1 C 

2550 

4000 

192 

i 

0.04 

0.60 

0.061 

0. 06 

0,30 

FRACTURE 
MODE 

Fragment 

Fragment 

Fra grnen t 
Fragnen t 

1 / 0 *05  
I 

I I i 
RCS Sec. 

BURS- 
POTENTIAL 
CLASS : 
(NOTE 2) 

A 

A 

A 
A 

LOWEST 
DOC TEST 
BURST 
6250 

413* 

413 * 
7310 

LIMIT 

3685 

225 

225 
4500 

C Leak 

Fragment 

Fragment 

Rupture 

Rupture 

9820 

7310 

567 

603 

PROOF 

4910 

300 

300 
5985 

2900 

4500 

248 

I 

Fuel ; 4 Non-metaLlic i192 i248 480 i1040 0.05 , Leak 
I I 1 1 I C 1 

I 
! 

A I 
I 

A 

B 1 I 

! j 
B 

i 
! 

i 
771 

5000 

5985 

331 

I 

$55 j285 

I I 

Fuel Cell ' 
Pressure GN2 

Leak i 

848 / 331 

t 

379 

3 C 

I I I 

None 1500 /1'730 
I I 

3000 '9400 : 0.02 1 Leak 







TABU 2 - SUMMARY OF THE COMPONENTS HAVING FLUID/ETJECTRICAL INTERFACES OR POTENTIAL INTERFACES 
AS A RESULT OF FAILURES 

INTERFACE 

DIRECT CONTACT 

1 

FTJJID FLUID 
ELECTRISAL 

S MGLE 

FAILURE 

FOR 

DIRECT 

STRUCTURAL 

FAILURE 

1 *Indicates 

also 
F/C Valve Module Solenoid Valve \SF3 Propellant Sensors (Tenk)* 1 

OXYGEN 

CM Water Quantity Gages I L?4 DPS &GS* 
F/C Pressure Xducer ISM RCS Oxidizer Pressure Xducer 

OXIDIZER (AND FUEL)* on fuel 
system 

EPS O2 System &essure Switch 
EPS O2 System Pressure Xducer 
EPS 0 Flow Sensor 
CSM E ~ S  Control Valve 
CSM ECS Pressure Xducer - 
-0133, -0055, -0052 

CSM ECS 0 ' Flow Xducer 
IM D/S ECE O2 Tank Pressure Xducer 
IN A/S ECS 02 Tank Pressure Xducer . . 
LM A/S ECS 02 Manifold ~re'ssure Xducer 
(GFE) Primary 02 Pressure Xducer 

1 MOVING PARTS 

WLTIlrLE 

FAILUHE 

REQUITED 

FOR 

3IRECT 

JONTACT 

SM RCS Oxidizer Isolation Valve* 
SM RCS Oxidizer Valve* 

IM DFS Lunar Dump Valve* 
AFS,DiS Oxidizer Temp Xducer* 
DFS Pilot Valve (Fuel only) 
RCS,SPC,DPS Oxfdizer Pressure Xduce*: 
APS Oxidizer Pressure 1:ducer 
APS Pllot Valve (~uel only) 
APS Propellant Level Detector* 
APS,DFS Propellant Pre-Valves ! Fucl 
IM RCS In3ector Valve* 
LM RCS Solenoid Valves.*- 

F/C 02 Purge Valve 
IM A/S ECS Cabin Pressure 
Valve Solenoid 

only) 

CM RCS Purge Valve* 
CM RCS Temperature Sensor" 
CM T,CS Propellant Isolation Valve* 
CM EtCS Oxidizer Interconnect Valve* 
CM RCS Oxidizer Dump Valve* 
CM RCS Oxidizer Engine Injection 
Valve* (~irect and ~uto) 

SM RCS Temperature SensoF 
SM RCS Oxygen Pressure Signal Cond.* 
SPS Propellant Utilization ValveE 
SPS Oxidizer Line Heaters* 
SFS Oxidizer Line Temp Xdncee 
SPS OxiS:!cer Line Pressure XduceP 1 



TABU 3 - INPACT APPLICATIONS OF TEFLON DERIVATIVES I N  PURE OXYGEN AT PRESSlRES CI- THP8 20 PSI 

NOTE: * 0 / ~ i ~ i t  designates no ignition a t  nuniber of drops per specific pressure 

TEST PERFCIRMECl TO 
ESPABLISH ACCEPTABILITY 

Jc 0/20 2000 p s i  MSC/EP 

* 0120 2000 ps i  MSC/EP 

* 0/20 2000 px; WC/EP 

* 0/20 2000 ps i  MSc/EP 

I 
* 0120 2000 ps i  MSC/EP 

* 0/4 2000 ps i  WS!lT 
* 0/20 2000 ps i  MSC/EP 

* 0/20 2000 ps i  MSc/EP 

Subjected t o  proof 
pressure - no ignition 

OXYGEN PRESSURE AT 
TEFLON CWONENT-PSI 

~ormal)  -Vacuum I Malfunction) -3000 

'NOW) -950 
 function) -1000 

(~ormal) -6.2 
(Malfunction) -950 

NO-) -3000 t ~ a l f  unction) -300 

935 

935 

~ormal) -100 I ~a l funct ion)  -156 

( ~ o r m a l )  -1160 

COMPONENT NAME 
AND SUBSYSTEM 

392 High Pressure 
Oxygen Control 
Module, LM ECS 

505 Interstage 
Disconnect, LM ECS 

390 Oxygen Control 
Module, LM ECS 

321 F i l l  Coupling 
LM ECS 

Fuel Cell Valve 
Module, CSM EPS 
02 Line Component 

02 Reactant Pressure 
Regulator, CSM EPS 
Line Component 

Cyclic Accumulator 
control val-re (1.36) 

PLSS Q2 F i l l  
Connect or 

APPLI W I O N  

Gasket 

Gasket 

Gasket 

P ~ e t  
Seal 

B a l l  and 
Adapter 

Poppet on 
s t ee l  seat 
in l e t  and 
vent 

Poppet 

Seal 

TYPE OF 
TEFLON 

" S f  lon" 

"Teflont' 

KEL-F 

IaL-F 

Fluoro 
Carbon 
Rubber 
f it on) 

KEL-F/ 
m3650  
"Teflon" 



APPENDIX 

CROSS SECTIONAL VIEWS AND CIRCUIT 

PROTECPION D m  FQR ALL C O M P O "  

IN SPACECRAET -WHICH HAVE DUIEC'I' COMPACT 

mum (omm, OXID- m FUEL) 
AND ELECTRICAL COMPONE2DS. 



\I SOLENOID SHELL 

\ CLOSING COIL r HEADER 

FIGURE A-1.- FUEL CELL VALVE MODULE SOLENOID VALVE. 
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>!nJ 
UTER ELECTRODE 

SELF LOCKING 
NUT AND 
Y e i H E R A  Low LEVEL 

ELECTRODE 

11 0 

* 
iv 

INNER ELECTRODES WIRING I S  TEFLON COATED 
SUPPORT BRACKET AND I N  POTTING COMPOUND 

TO THE SENSOR ELECTRON- 
ICS. WIRING LEAVING 
FLUID INTERFACES I S  
HERMETICALLY SEALED 
(GLASS INNER SEAL) 

ALL COMPONENTS I N  TANK 

HOUFtTING FLANGE 
ARE NOR..LLY WETTED 
EXCEPT AS NOTED ABOVE 

WETTED AREA FOR SINGLE 
POINT FAILURE 

FIGURE A-7. - PQGS SENSOR. 

2 5 






