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This volume presents the resul ts  of the Panel 6 r elated Systems Evalua- 
tion) review of the Government Furnished Wuipment (GFE) and Ground 
Sugport Equipment (GSE) . 
Organization of the material i n  t h i s  volume is as follows: 

2 .O Government Furnished Equipment (WE) 

2.1 Portable Life Support System (PLSS) 

2.2 Oqgen Purge System (OPS) 

2.3 Three-man Life Raft Inflation System 

2.4 D u a l  Life Vest Inflation System 

2.5 R a d i ~  isotope Thermal Penerator 
Snap-27 Fcs1 Capsule 

2.6 Lunar Geology Fxperiment Camera 
G a s  Bottle Assembly 

2.7 Passive Seismic Ex-periment 
Caging Assembly 

3.0 Ground S i p o r t  Equipment (GSE) 

3.1 GSE Oxygen Systems 

3.2 Hydrogen Dewar Tank 

3.3 Pad Rnergency A i r  Pack 

5 -0 Recommendat ions 



2.0 Government-Furnished Equipnent (GFE) 

hpollo Flight GFE was reviewed during the  ac t i v i t i e s  of Panel &, 
MSC Apollo 13 GFE Investigation Team t o  identify a l l  high pressure vessels 
and oxygen systems included i n  the various GFE end items. The purposes 
of t h i s  document are t o  summarize the data which were used t o  assess the  
adequacy of t3e  design and t e s t i ~ g  programs, and present the resu l t s  of 
t h i s  assessment f o r  the pressure vessel  and relaLed02 systems l i s t e d  
below. 

PISS (Portable Life Support System O2 Bott le)  

OFS (oxygen Purge system) 02 Bottles 

Life Raft C02 Cylinders 

Life Vest C02 Cartridges 

RTG ( ~ a d i o i s o t o ~ e  Thermal   en era tor ) Capsule 

EM: ( ~ u n a r  Geological Exploration Camera) Gas Bottles 

H E  (passive Seismic ~xperiment)  Caging System 

2.1 Portable Life Support. System (PISS) 

2.1.1 Description 

?'he t o t a l  PISS 0 Flow Schematic is  shown i n  Fi-res 2.1-1 and 
2.1-2. I n  use, 0 is  c h u l a t e d  through the Pressure Garment Assembly 
(space su i t ) ,  ~onkminant  Control Assembly ( L ~ O H  canister) ,  sublimator, 
and Water Separaeor by the  PUS Fan. The supplv regulator permits 
automatic make--ap from the supply bo t t l e  of O2 l o s t  t h r a g h  metabolism 
o r  leakage. Figure 2.1-3 presents a f u l l y  assembled view of the  PLSS 
with the O F ;  ins ta l led on top. Figures 2.1-4 and 2.1-5 show the loca-tion 
of the  PISS O2 bo t t l e  inside the  mSS case amd the 1/32" aluminum protective 
shield. The case is made f r o m  1/4" aluminum honeycomb with fiberglass 
facing plates. 

Two PISS Units are assigned t o  each mission, with one stowed on the 
IM f loor  and one on the a f t  bulkhead, as shown in  Figures 2.1-6 and 2.1-7, 
during t r a n s l m r  f l igh t .  The uni ts  are checked i n  the IM pr ior  t o  each 
Extra-Vehicular Activity excursion (EVA) and are worn as  back-packs f o r  
l i f e  support during the EVA. The primary oqgen supply bo t t l es  are 
recharged with O2 from the LN system betweer, h7TAA's and are normally off-  
loaded t o  the  lunar surface p r io r  t o  TM l i f t -o f f .  The location of the 
units  during recharge i s  shown i n  Figure 2.1-8, 

!'he components of the PISS system which are subjected t o  the 
highest potential  pressure of 1110 psig are res t r ic ted t o  those abwe 
the b a l l  and stem valve closure of the regulator which is  shown i n  
Figure 2.1-9 and 2.1-10. The portions downstream from the valve seat ,  





















including the bellows, are subjected n o m l l y  t o  3.85 + .15 psig. This 
may increase t o  5.5 psig i n  ?2ie everit ~f t o t a l  failure-of the regulator. 
In  t h i s  case t3e space s u i t  re l i e f  valve is sized t o  permit maximm flaw 
through the regulator f l a w  limiting or i f ice  and msintain s u i t  pressure a t  
5.5 psig maximum. 

2.1.2 Discussion 

The characteristics of the PLSS 0 bo t t l e  are snown i_r, Table 2.1-1, 2 which includes the  safety factor  of 2.1 aerived from qualification t e s t  
results summarized i n  Tahle 2.1-2. The bot t les ,  which are made from 
.W8 m i l  301- cIyoformed s teel ,  and the  fmgings a re  dye penetrant, x-ray, 
and ultrasoni_call;r cheeped both i n  process and a f t e r  fabrication t o  
detect manufacturing de:. ~ t s .  The bo t t l es  have no internal  e lec t r ica l  
o r  non-metallic components. The boss moulting f o r  the tank preveqts 
the s t ress  corrosion tha t  would be encountered with a mountivz strap. 
External sources f o r  pressure increase inclutie increases i n  Ii-i cabin 
temperature dus to  a general Dq¶ cabin f t re ,or  simultaneous fa i lu re  of 
the U-3 dual presswe regulators, r e l i e i  valve and burst  disc during 0 
recharge. The PISS bot t l e  shield and insulation prevent loca l  hot 2 

spots on the  tank. The shield and PlSS structure minimize the  potential  
f o r  mechanical damage t o  the tank during stowage o r  PISS operation. The 
O2 bo t t l e  is pmtected fram pressure surges fmm the low pressure loop 
by the  regulator and the f a c t  tha t  the urubilinal out le ts  ~ m v i i k  a ready 
path f o r  pressure d.ecay. 

The characterist ics of a l l  PISS O2 System compon@nts khet  are  
scb jected t o  high pressures and a l l  e lec t r ica l ly  inteeacing zmiynents -. are  summarized i n  Table 2.1-3. rlgu%s 2.1-IC! t l ~ r n ~ ~ &  2-1-14 show cross- 
sections with tfie location of non-metallic materials i n  %he compone~ts 
of tk, high pressure system. Kote t ha t  the prinary q, pressure trans- 
ducer -', the only e lec t r ica l  cmponent exposed t o  high pressure. The 
KSS shut off valve is normally turrred off except f o r  EVA and i n  EVA 
operation a l l  parks of the pressure regulator downstream of' the ball/stem 
valve closure are exposed t o  l a w  pressure o w .  High pressure impact 
applications are the ba l lb tem valve, shut off valve, and O2 fill 
connector. O f  these, the T i l l  connector alone involves non-metallic 
materials (see Figure 2.1-11). The connector contains an internal  s ea l  
which could be impacted under a maxi-mum pressure of 1110 psi. Uquid 
Oxygen (LOX) t e s t s  a t  Marshall Space Flight Center and Gaseous Oxygen 
(GOX) impact tes t ing up t o  2000 psi  a t  NSC and White SmSs indicate no 
problems should be arlticipzted i n  the application. 

Off limit tes t ing of selected F'LSS system conponents was conducted 
t o  determine the i r  ignition potential.  Included were the Primary O2 
Pressure Transducer, the ~an:~.lotor .4ssembly and the 02 F i l l  Conne2tor. 
Results are summarized i n  Table 2.1-4. A l l  t e s t s  simulated worst case 
conditions except the Plrlmary O2 Fressure Trztnsducer, which could be 
subjected to 1 U O  ps i  O2 if  the transducer tourdon tube (see Figure 2.1-11) 
fai led.  Since t h i s  component has been tested t o  13,500 psi  without 
leakage, corresponding t o  a safety factor  of 12, t h i s  fa i lu re  mode i s  
considere4 renote. The component t o  battery c i rcu i t  f o r  the transducer 
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Bourdon Tube (Cross Section) 

Figure 2 .1 - i l .  Priinary Oxygen Pressure Transducer 

r V i  tonUA" , Krytox, Tef l o n 7  

:ed Per 
I 

TO Bot t le  

Figure 2.1-12. Regul ator/Oxygen Line Connector 



Krytox, V i  ton "A" 

To Regulator 

Figure 2.1-13. BottlelOxygen Line Connector. 

Teflon AMS 3651 

Ke1 -F81 
Krytox 240 AC Teflon AMS 3651 
Viton A, Teflon AMS 3651 e f lon  HS 1205 

Si 1 i cone 

IL-R-5847 

AMS 3651 
Stainless Steel 

With Teflon Coating / *Impact Application. 

Figure 2.1-14. Primary Oxygen F i  11 Connector Cutaway View. 



i s  shown i n  Figure 2.1-16. The   an Assy (~ ig  2.1-15)was selected a s  the 
t e s t  subject from the  Low Presalne portion of the O2 system becewe it 
represented the  worst case regarding voltage/amperage maxitnum potentiale. 
Non-metallic materials i n  the high pressure system have been selected 
according t o  the quidelines of Document MSC-~~-~-67-13,  Apollo Spacecraft 
Non-metallics bla5erials Requirements. Material acceptabil i ty has been 
verif ied by the t e a t s  noted i n  Table 2.1-4, LOX impact t e s t  r esu l t s  and 
i n  the  case of si l icone seals, special  GOX t es t ing  i n  which the -material 
was subjected t o  momentary presaure surges of several thousand psi .  
The documents containing the  l a t t e r  t e s t  data are  referenced i n  Table 2.1-5. 
In  addition Hamilton Standard document SVSHER 4395A contains a complete 
analysis of the non-metallic materials salection rat ionale by examination 
of potential  f a i lu re  modes f o r  a l l  c~mponents in  the PISS system. System 
leve l  cer t i f ica t ion t e s t s  have recorded additional application experience 
and no fa i lu res  have been noted re la t ive  t o  ~ o n - : ~ e t a l l i c  materials ignition. 

The predicted -6 0 tank f a i l u r e  mode is t o  leak and not cause 
mechanical damage.* The h equivalent is 0.050 lbs.  S:nce the OPS 
provides a secondary oxygen supply, tank f a i l u r e  would resu l t  i n  abort 
of the  EVA portion of the mission. For Apollo 16 and subsequent f l i g h t s  
the -7 PISS, was t o  use an 0 pressure vessel  manufactured by the Arde 

2 cryofom process using an aged modified 301 s-tainless s teel .  best 
estimate fracture toughness data i n  standard MSc /~~o l lo  pressure vessel  
procedures indicates tha t  t h i s  destgn may have a catastrophic f racture  
ra ther  than a leakage fa i lure  mode a t  maximum design operating pressure. 
Inconel -718 material i s  recommended f o r  t h i s  application based on 
analysis by Structure and Mechanics Division. 

2 . 1 .  Results 

2,1.3.1 The -7 PLSS 0 pressure vessel  should not use aged Arde material 
since the predicted fa$lure mode is a catastrophic f racture  ra ther  than 
leakage. 

2.1.3.2 The -6 PISS 0 bo t t l e  design parameters provide an actual  worst 
case safe ty  fac tor  agatnst burst  of 2.0 and the  predicted f a l l u r e  mde 
is  t o  leak without mechanical damage. 

2,1.3.3 There a re  no e l ec t r i c a l  c i rcu i t s  i n  o r  on the O2 bot t le .  

2.1.3.4 Tests indicate t ha t  the only e lec t r i ca l  component i n  t 3 e  high 
pressure c.: stem, the Primary 0 Pressure Transducer, w i l l  not ign i te  when 
current loaded t o  burn o ~ t  w i %  -the hermetic sea l  ruptured and the  in ternal  
pa r t s  exposed t o  O2 a t  6.2 psia,  

2.1.3.5 Pressurization t o  13,500 ps i  has indicated a minimum safety 
factor of 12 against exposure of the Primary O2 Pressure Transducer 
in ternal  electronics t o  the high Q2 flow stream. 

*At maximum design operating pressure 
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NONMETALLI C MATERIALS TEST RAT1 ONALE (PLSS) (CONTI 

MATERl ALS 

K R M O X  PR 240 AC 
GREASE 

HS 1205 GR A 
TFE 

KEL-F-81 GR 3 
PLASTI C 

KRYTOX 240 AC 
G REA SE 

AMS 3651 
TFE 

TFE 

VESPEL SP--21 
PLAST I C 

APPLICATION 

GREASE 

TFE RECTANGULAR 
SEAL 

PLAST'I C 

GREASE 

SEAL 

BACKUP RING 

PLASTl C 

Table 2.1-5 (cont)  

TEST RAT1 ONALE 
(TEST RESULTS) 

MSClEP TEST DATA 

MTP-P&VE-M-63-14 
SVH SER 3784-65L 

MSClEP TEST DATA 
HS 7-022 

MTP-P&VE-M-63-14 
H S  7-006 
SVHSER 3784-65L 

MTP-P&VE-M-63-14 
SVH SER 3784-65L 
HS 7-006 

M9-0399, PRELIM I MARY 
WSTF TEST PASSED 2000 P S l A  



2.1.3.6 Material sensi t ivi ty  t e s t s  have been accomplished t o  develop 
the rationale for  acceptance of a l l  non-metallic materials applications 
i n  the high pressure O2 system (see Table 2.1-5). 

2.1.3.7 Bottle over pressuration from external sources is limited to 
a general IN cabin fire. 

2.1.3.8 The bot t le  is  protected from handling damage by the PISS 
structure and integral  bo t t le  shield, 

2.1.3.9 Component tes t ing of the worst case component (fan/motor assy) 
has been conducted to ver i fy  the lov potential  f o r  ignit ion sources in  
the l a w  pressure O2 system. 

2.1.3.10 The high pressure system J.s protected from any pressures surges 
originatgng i n  the law pressure system by the PISS pressure regulator. 

2.1.3.U. The low pressure system is protected from exposure t o  high 
pressures i n  czse of regulator fa i lu re  by a regulator f l o w  limiter and 
the Space Suit  pressure re l ie f  valve. 

2.1.4 Conclusions 

Changes t o  the -6 mSS are  not r e q u i ~ d .  m e  -7 PLSS O2 pressure 
vessel should not use aged Arde material. 

2.2 Gxygen Purge System (OPS) 

The OPS w g e n  flow schematic i s  shown i n  Figure 2.2-1. The OPS 
is actuated by the crewman i n  case of PISS fa i lure  to provide an O2 flow 
in to  the helmet, throught the Space Suit, and out through the sized orifice, 
the Oxygen Purge Valve, t o  ambient. The maximum flow rate through the 
system is 8.16 lbs. per hour a t  a pressure of 3.7 + 0.3 p i g .  The case, 
which is  made from 1/4" aluminum honeycomb with fiEerglass face plates, 
Figure 2.2-2, protects the  OPS bot t les  f r o m  damage durlng stowage and 
operations. 

Two O H  units a re  assigned t o  each ApoUo mission. Tke units a re  
stowed on the  LM af t  bulkhead next; t o  the PLSS u n t i l  EVA ( ~ i g u r e  2.?-3) 
The uni ts  are  returned t o  the IM a f t e r  EVA, if not depleted, f o r  use 
during contingency LM/CM ?IVA transfer. They are etowed on the I M  f loor  
for  Lunar launch (see Mgw-e 2.2-4) 

ThL O H  i s  normally turned off except f o r  emergency uses. When 
the cicygen shut off valve fs turned on, the portions of the system tha t  
are normally subjected t o  the maximum O2 pressure of 6750 psig are those 
upstream from the b a l l  and sterr, of the regulator. A l l  parts  of the 
system would be subjected t o  high pressures i n  the event the regulator 
fa i led open, but t h i s  would have an immediate catcstrophic effect  on the 





REGULATOR CHECKOUT 
PRESSURE GAGE 

Figure 2.2-2. Oxygen Purge System-Major Components 







Space Suit. High pressure impact ,applications are the bal l / s  tern valve, 
the  shut off valve and the  fill connector which do not involve non-metallic 
uater ia ls  . 
2.2.2 Diecussion 

The characterist ics of the OPS 02bottles are  shown i n  Table 2.2-1. 
The actual  bo t t l e  safety factor  of 2.1 was obtained from the  qualif ication 
t e s t  restul.6 shown i n  Table 2.2-2. The bo t t l es  are  f i s i on  welded from 
0.130 minimum t W A ~ ~ e s s  ~nconel-TT18 forgings with an ~nconel-600 tube 
braced t o  tfie inside diameter f o r  reasons of heat transfer. The forgings 
are ultrasoncia!ly checked and the t o t a l  assemblies a r e  x-ray and dye 
checked a f t e r  manfucature. The bo t t l es  are  flange mounted t o  aa aluminum 
AA-2217 regulator and 6 AL-4~ titanium bracket. There are no e lec t r i ca l  
o r  chemical sources f o r  tank o r  system f a i l u r e  through out the OR3 system. 
1nconel-n8 is  not susceptible t o  s t ress  corrosion a t  OPS oyerating 
temperattwe, and t e s t s  have shuwn no significant  material ~egrada t ion  
occqrance a t  temperatures of several hundred degrees Farenheit. The orly 
potential  external heat source would be extreme S,emperatures caused by 
a general IM f i r e .  The bot t les  are protected from mechanical f a i l u r e  by 
the OFS structure. The only other OFS components i n  the  high pressure 
system are the regulator, O2 fill cunnector, pressure ga'zge and tank 
inspection pork plug (see Table 2.2-3) Locations of the non-metallic 
nater ia ls  i n  all components are shown i n  Figures 2.2-5 through 2.2-12. 
The OR3 regulator and its non-metallics are  essent ia l ly  the  same a s  the 
PISS except f o r  the lack of a flow l imi te r  and the use of a s i l icon 
O-ring a t  the ball/stem seal. Sil icon was selected f o r  t h i s  application 
because of the  tendency f o r  vlton degradation under high O2 pressure 
cycling. 

The guidelines of Document ~ ~ ~ - 2 A - ~ - 6 7 - 1 3 ,  B ~ c l l o  Spacecraft Non- 
metallic Materials Requirements, were used i n  the specification of OX3 
non-metallic materials. Rationale fo r  acceptance f o r  a l l  no-metallic 
materials i n  the OFS high pressure components has bezn established by 
materials sens i t iv i ty  t e s t s  (reference Table 2.2-4). System level  certi- 
f ica t ion t e a t s  bsve provlded additional a p p l i c a t i ~ n  assurance. 

A l l  OFS high pressure SJ-stem components have been burs t  tested. 
The regulztor withstood 22,000 p s i  before burs t  and the  pressure gauge 
withstood 30,000 p s i  with no rupture. The f i l l  connectors saw pressures 
of 27,250 and 28,500 ps i  during bo t t l e  testine;. The inspection por t  
plug was tested during OR3 bo t t l e  tes t ing,  These resul ts  indicate a 
minimum safety factor f o r  high pressure components substantial ly higher 
than f o r  the  bott les.  

The OFS bo t t l e  f a i l u r e  mode i s  predicted t o  be leakage with no 
mechanical damage. The TNT equivalent is 0.182 lbs. Tank fa i lu re  would 
causs cancellation of the  WA portion of the  mission, since mission rules 
dic ta te  the  requirement f o r  OF'S backw f o r  the  PLSS f o r  a l l  EVI! operations. 



6FE - PRESSURE VESSEL WTA 

TABLE 2.2-1 

- 
PWiSL'RE VESSEL 
(NAXUFACTURER) 

PLfS O2 Bott le 
(Arde' IIK.) . 

NORMAL OPERATING 
PPFqZ,,RF -1 

1020 + 10 

5880+W 

. law :. 

800 - 1000 

500 

. . 

333 

. 

&m0 

TNT 
:QUIV.!LB:. 

0.050 

0.182 

0.027 

~ l l g i b l e  

73.8 r lo-' 
o f  TW 

77.5 x l o4  
o f  n(r 

Ikgl' 1 lbte 

QUAL. BUPST 
PRESS.(PSIA) 

2345 t o  2450 
10 Bottles 
Tested t o  
Burst 

14.7M t o  
15,200 
5 Bottles 
Tested to 
Burst 

7503 - 1800 

MIA 

MIA 

MIA 

R I A  

PART 
WJWER 

Mll jOlO 

FACTOR 
THEO. 

2.0 

2.0 

3.7 

1.0 
Min. 

2+ 

2+ 

2+ 

Fd:Lbr,Z 
u3tLc 

Leakage 
No kchanlcal 
Oanrge 

Leakage 
No C*chcnlcal 
m g e  

Leakr;e 
No k h a n t c a l  
Danage 

Lcrkage 
No ntchantu l  
O w g e  

Leakage 
I(o Wcchrnlal 
r)may 

Leakage 
Ilo Mechn la t  

0-PC 

Leakage 

I 

VESSEL 
MATERIAL 

AISI 301 
Unaged 
:ryofomd Steel 

QUWSTY' 
REQUIRED 

2 

f OESlGN 
, tnr7  

1110 

6750 

1500 

I1/A 

- 

-- 

- 

SAFETY 
ACTUAL 

2.1 

2.2 

5.0 

1.0 
Mln 

2+ 

2+ 

2+ 
Ib l M r n f u l  
-ga 

VESSEL 
~IPIENSIOHS 

Cylfndrlcal 
DIM. - 6.082" O.D. 
He1 h t  - 16.03. #A 

OPS - O2 b t t l e  I SWjOlc3 4 

2  

2 . p r  

1 per 
*rW- 
zinc 

1pr 
Unlt 

1 

i 

PRESSURE 
p p r o ~  

1665 

10130 

4600 

N/A 

760 

650 

1um 
(Duct 

(Fansteel k t . l l u r g l a 1  
tom-  1 

T k r n k n  L t f e r r f t  
CyYl nden 
(Arde' Snc.) 

h a 1  1.1- V u t  
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Figure 2.2-5. OPS Bottle Cutaway View F i l l  Port (see Fig. 2.2-9.) 

\ Tank F i r t ing  (See 

Heater Circui t  Housing- 
Circui t  Has Peen Removed 

Tef 1 on 
\ vespel SP-21 Figure 2.2- Regulator Assembly 

Fig. 

Figure 2.2-7. Regulatcr Shutoff Valve 
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Figure 2.2-8. High Pressure Gauge Sealing 

Remove To F i l l  

ng Retainer Screw 

Figure 2.2-9. OPS F i l l  F i t t i n g  
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OPS Bottle Inspection Port 

Silicone 
Kel-F 

T e f l o n  
OPS Bottle 

Silicone 

Tef 1 on 

. .. - -r- 
-- 

P-eference Mounting and 
Locking Brackets 

Figure 2.2-11. 
Instal 1 ati on of Seals and Packi ngs o f  
OPS Bottle Inspection Port 

Regulator Assembly 

OPS Inlet Port 

Figure 2.2-12. 
Instal lation of Seals and Packings of !IPS Inlet Port. 



NONMETALLIC MATERl ALS TEST RAT l ONALE (OPS) 

MATER l ALS 

S -614-8 
SILICONE RSBBER 

FEP 
TEFLON 

KRYTOX 240 ABIEC1101 

% VESPEL SP-21 
PLASTI C WASHER 

77 -545 
VITON A 

MI L-P-19468 
TFE 

M I L-P-46036 
KEL-F 
PLASTI C 

APPLICATION 

SILICONE '0' RING 

LOCK PL',!G 

GREASE 

PLASTIC WASHER 

VITON RUEBER '0' SEAL 

SEAL RING (TEFLON) 

PLASTI C 

Table 2.2-4. 

TEST RAT I ON ALE 
(TEST RESULTS) 

EM NA - S S -3552 

H S  7-006 
MTP-P&VE-M-63-14 
SVHSER 3784-651. 

MSClEP TEST DATA 

M9-0390, PRELI M W STF 
TEST PASSED 2000 PSIA, 
TEST1 NG TO BE CONTIN- 
UED TO 10,000 PS l A 

MTP-P&VE-M-63-14 
H S 8-104, SVH SE R-4326 

MTP-F&VE-M-63-14 
SVH SE k 3784-651, 
H S 7 -006 



2.2.3 Results 

2.2.3.1 O R  O2 bot t le  design parameters provide an actual worst case 
safety factor  agsinst burst  of 2.1 and the predicted fa i lu re  mode is  t o  
leak without mc-cl:ani c a l  damge. 

2.2.3.2 mere  are  no e lec t r ica l  c i rcu i t s  i n  the OFS system. 

2.2.3.3 The safety factor  against burst f o r  high pressure system com- 
ponents has been determined by t e s t  to be substantially greater than 
$hat for  the O2 bottles.  

2.2.3.4 Acceptance rationale f o r  a l l  non-metallic materials i n  the high 
pressure system has been developed from material sensi t ivi ty  testing. 

2.2.3.5 Bottle overpressurization from external sources is limited to  
heat from a LM cabin general fire. 

2.2.3.6 The O R  structure protects tie O2 bot t le  from damage during 
storage o r  operations. 

2.2.4 Conclusion 

No changes t o  the OPS design are  required. 



2.3 THREE-MAN LIFE RAFT INFLATION SYSTEM 

2.3 DESCRIPTION 

The three  man l i f e  r a f t  (Fig 2.3-l)is stowed i n  s ec t ion  R-4 ( ~ i g  2.3-2 & 
2.3-3) of the  CSM u n t i l  r e q u ~ r e d  a t  splashdcwn. The r a f t  i s  then i n f l a t e d  
by ac tua t ing  two C02 cylinders.  The cyl inders ,  manufactured by Arde, a r e  
11" long by 2" i n  diameter - 301 s t a i n l e s s  s t e e l ,  w a l l  thickness 0.022". 
(Fig 2.2-4). 

The tanks a r e  pressurized with 36 i n  3 of C02 a t  1000 ps ig  and desiglied 
f o r  t he  following pressures;  limit 1500 psig,proof 4600 ps ig ,  b u r s t  5600 psig 
(design). The a c t u a l  bu r s t  pressure demonstrated during hydro bu r s t  t e s t i n g  
(four vessels)  ranged from 7500 ps ig  t o  7800 psig. A l l  f a i l u r e s  exhibi ted 
longi tudina l  f r ac tu re s  non-fragme~ting. The s a f e t y  f a c t o r  is 4 plus.  In  
addi t ion  t o  t he  tank s a f e t y  f a c t o r ,  the  cyzinder is protected from over 
pressure by a 4175 ps ig  b u r s t  disk. 

2 -3-2 DISCUSSION 

The TNT equivalent of an  air bu r s t  of the  cyl inders  is 0.027 pound= 
per  cylinder.  The predicted f a i l u r e  mode is  by leakage and is  not  considered 
t o  cause mechanical damage. The cyl inders  a r e  enclosed wi th in  the  fclded 
l i f e  r a f t ,  stowed a i t h i n  t h e  Survival  Ruck Sack. (Figure 4-5) 

A f a i l e d  l i f e  r a f t  i n f l a t i o n  system would r e l ea se  approximately two 
pounds of C02 i n t o  the  CSM. 

The LiOH w i l l  completely scrub t h i s  amount of C02 i n  approximately t e n  
minutes. Wo pounds of C02 would r a i s e  t he  cabin p a r t i a l  pressure a?proxi- 
mately 10 mm of Hg o r  raise the  percentage of C02 from 3 t o  6.5 per  cent.  
This could r e s u l t  i n  minor changes i n  crew percept iv i ty  f o r  a few minutes 
i f  t he  COp were dumped d i r e c t l y  i n t o  the  cabin. 

2-3-3 RESULTS 

The s a f e t y  f ac to r  demonstrated through t e s t  is we l l  above nermal l i m i t s .  
t h e  predicted f a i l u r e  mode is by leakage and the  tank is protected by a 
bu r s t  disk. The CM ECS can handle a C02 discharge from a cyl inder  within 
compartment R-4 bu t  the  crew may have minor percept ive changes f o r  a few 
minutes i f  the  C02 is dumped d i r e c t l y  i n t o  the  cabin. 

No fu r the r  design, zonfigurat ior  changes, t e s t i ng ,  o r  procedure 
changes a r e  recommended f o r  the l i f e  c C02 cyl inders .  

A more compiete review of the effects of a life raft (!02 
cylinder discharge into the cabin is recommended. 

















Snap-27 -\t Capsule 

The RTi; is provided t o  supply e l e c t r i c a l  power f o r  the Apollo Lunar 
Surface Experiment Package (ALSEP). The f u e l  capsule assembly is stowed 
i n  a Graphite LH Fuel Cask (GLFC) ins ta l l ed  on the ex te r io r  of the LM 
adjacent t o  the  MESA. ( ~ i g  2.5-1) 

The f u e l  capsule is a c y l i n d ~ r  16" long 2 112" i n  dianeter  of super 
a l loy  Haynes 25 double walled, 60 ana 20 m i l l s  thick. The f u e l  is inserted 
between the  walls,  and chambers a r e  provided f o r  the  helium gas. 
( M k  2.5-2 

The heiium gas is a by-product of the  plutonium f u e l  radioact ive decay. 
In te rna l  capsule helium pressure builds up as a f-mctioc, of time (see 
( ~ i g  2-5-31. N o r d  F r a s u r e s  are 400-700 ps ig  dependicg upon the  t i n e  of 
f l i g h t  relative t o  the  encapsulation of the fuel .  For the  f l i g h t  dates 
shown, the  safe ty  f ac to r  is i n  excess of 2 f o r  helium pressure f a i lu re .  
The capsules a r e  designed wit11 a center  sec t ion  veld machined f o r  a d u c t i l e  
f a i l u r e  at  1400 psig vhich corresponds t o  e ight  years from the  fuel ing - 
encapsulation of the  capsule. 

The capsule has no i n t e r n a l  components and is protected external ly 
by enclosure i n  the  (GFLC) consist ing of a 1/4" gra h i t e  laminated pyro l i t e  
layer  a d  112" beryllium sheath ins ide  layer. (ME k5-4) The cask with 
capsule enclosed are designed t o  withstand Saturn pad explosion, and af ter -  
f f r e ,  S-IVB fragmentation, suborbi ta l  and ea r th  o r b i t a l  reea t ry  and subsequent 
impact a t  300 ft!sec i n t o  s o l i d  granite .  

Exte=ive tes t ing  has been performed using gas pressure and rapid 
heating t o  2i[10°F t o  dmonst ra te  t h a t  the capsule ruptures i n  a duc t i l e  
manner at  tke  machined rupture groove (:is designed) permitting the  gas t o  
vent with no fragmentation and no emission of the  fuel .  'fie d u c t i l e  
f a i l u r e  demonstrated assures t h a t  a pressure build up capsule f a i l u r e  woula 
be none catastrophic and would not e f fec t  adjacent equipment, crew safety,  
o r  mission success. The non emission of the  f u e l  demonstrated during the 
pressure t e s t s  assuzes tha t  the  f u e l  capsule performance would not be im-  
pared zs a result of a Helium p r a s u r e  rupture. 

The Snap-27 tanks have very low potent ia l  f o r  helium pressure build 
up t o  f a i l u r e  pressures. I n  the  event of a pressure f a i l u r e  there  would be 
no damage t o  surrounding equipment, e f fec t  upon cr% sa fe ty  o r  mission 
success. The f u e l  capsule power generation would be unaffected by helium 
vent. 





2.5.4 RECOMMENDATION 

The fuel capsule should be  accepted as non hazardous, w i t h  ao pro- 
ceduralsdesign, or testing &an@ recoannended. 









2.6 LUNAR GEOLOGY EXPERIMENT CAMERA (GOERZ) 

GAS BOTTLE ASSEMBLY 

The gss  b o t t l e  assembly is  located i n  each f i lm  magazine provided f o r  
the  Goerz Camera. The camera,with one magazine i n ~ t a l l e d ~ a n d  t h e  magazine 
s torage  containers  with spare  magazines are s t w e d  i n  the  MESA u n t i l  re- 
quired f o r  use on the  lunar  surface,  The gas b o t t l e  provides t he  f i l m  
magazine wi th  an air enviroment  maintaining 1.0 5 .5 pressure  differen-  
t i a l  from ambient t o  pro tec t  the f i l m  from out  gassing and insures  pro- 
per  f i lm  t r anspc r t  i n  the  magazine. 

The LGEC gas cyl inder  is  1.80" long by 1.35" i n  diameter with domed 
ends and includes two pressure compartments. The cyl inder  is 1061-T6 
aluminum, .045" minimum thickness. See Fig 2.6-1. 

The cyl inder  is charged with 500 p s i  of dry a i r ,  and designed f o r  t h e  
following pressures; operating 500 p s i ,  proof 760 ps i .  
Theoret ical  f a c t o r  of s a fe ty  is  2+. M g  2.6-2 thlnugh 5 presenr: t he  
Goerz camera and magazine with the gas b o t t l e  loca t ion  i n  t h e  magazine. 

The camera Is i n  the  ea r ly  production phase and q u a l i f i c a t i o n  da t a  
which includes a c t u a l  destruc*fve b u r s t  pressure is not  avai lable .  
Apollo 14 & 15 a r e  the first schedules use of the  camera and w i U  carry 
cjiis camera with magazine ins ta l l ed  and one spare magazine i n  the atorage 
container. Apollo 16 - b o u g h  19 w i U  have two spae ~ a z i w s  and one 
camera with magazine , 

The volume of a i r ,  1 cubic inch a t  500 p s i ,  has a TNT equivalent ~f 
73.8 x 10'6 pounds of .INTO It is  estimated t h a t  t he  explosive p o t e n t i a l  
would be 1/20 of a dynamite b l a s t ing  cap (1/2 gm TNT). The predicted 
f a i l u r e  mode is t o  leak and is not considerea t o  cause mechanical damage. 

Any p o t e n t i a l  i m a g e  t o  equipment o r  e f f e c t  on crew s a f e t y  i s  neglig- 
i b l e  a s  t he  b o t t l e  is contained wi th in  t h e  magazine and wi th in  t h e  s torage  
container o r  camera (except during f i lm  magazine changes). The damage 
would b e  contained wi th in  t h e  magazine and containers.  

The qua l i f i ca t ion  and acceptance t e s t i n g  w i l l  exe rc i se  t he  cyl inder  t o  
proof l i m f t s  of 760 p s i  and should obta in  a c t u a l  b u r s t  p ressure  data.  

The Goerz gas b o t t l e  asse:&ly is a small b o t t l e  designed t o  accept- 
ab l e  s a f e t y  f a c t o r  with a pzcdic:ed f a i l u r e  mode r e su l t i ng  ir. leakage. 
The b o t t l e  i s  well. protected within the  magazine, I n  t he  event of rupture 
the  damage would be contained wi th in  the  camera or  magazine container.  



The gas bott le  assembly should b e  accepted as non-hazardous with no 
procedural, design or testing changes recommended. The actual burst data 
should be obtained for f i l e  as soon as  possible. 











2.7 PASSIVE SEISMIC EXPERIMENT 

PSE Caging Assembly 

The PSE i n e r t i a l  sensors a r e  i so la ted  through a pressurized bellows/ 
manif old d is t r ibut ion  assembly which cages the  components f o r  t h e i r  t r i p  
t o  the  lunar surface. The pressure system contains 1.6 cubic inches of 
10% Helium and 90% Nitrogen at333PSI.  On the  lungr surface, the equip- 
ment is act ivated by ground command allawing the  pressure t o  vent t o  vac- 
uum and thus uncage the  i n e r t i a l  sensors. There a r e  e ight  318" x 1/2" 
x .002" thick bellows, manifolded through .04" diameter s t a i n l e s s  s t e e l  
th in  wall  tubing which provide the  isolation/caging forces. (FQ 2.7-1 
2.7-2). The PSE is stowed i n  the  ALSEP compartment. ( ~ i g  2.7-3 and 
2.7-4). Fig 2.7-5pictures the  i n t e r n a l  components of the  PSE and p a r t  of 
the s h e l l ,  and shows pa r t  of the  tubing and one of the  bellaws. 

The loss  of pressure during f l i g h t  would cause uncaging of the  in- 
e r t i a l  components and loss  of the  experiment. Any damage sustained t o  
the experiment would be contained within the  PSE s o f t  spun aluminum 
shel l .  The s h e l l  is 6061 T-4 spun aluminum, 10.5" i n  diameter, 16.5" 
long and .02" thick. The s h e l l  is  vented t o  ambient. 

The operating and proof pressures a r e  333 and 650, respectively. The 
fac tor  of safe ty  is 2 +. The qual i f ica t ion  program ident i f ied  only a 
bellows slow leak problem corrected by going from a s o f t  solder  t o  a bsaz- 
ing process. The TNT equivalent f o r  the  system is 77.5 x pounds 
TNT o r  approximately 1/16 of a djrnamite b las t ing  cap (112 g s  TNT equivalent). 
The predicted f a i l u r e  mode is t o  leak and is not considered t o  cause 
mecf~anical damage. 

The PSE pressure system has a very low explosive po ten t i a l  basad on 
its low pressure, s e l f  containment, and high safe ty  factor .  Further, 
the  predominant f a i l u r e  mode is t o  leak. 

The PSE should be accepted a s  non-hazardous with no procedural, design 
or  tes t ing  changes recommended. 



FIGURE 2.7-1. X-RAY OF TYPICAL PSE CAGING SYSTEM BELLOWS. 











Th% GSE (ground support equipment) investigation carried in to  the  areas 
of pressure vessels, oxygen systems, and hy-pergolic systems. The tasks 
associated with these areas a re  outiirled as follows: 

Pressure Vessels. - Due t o  the large number of pressure vessels 
contained i n  the GSE systems fo r  both NR ( ~ o r t h  American Rock- 
well  corporation) and GAC  rumma man Aerospace ~o rpo ra t i on )  , it 
was concluded t o  report  only on those vessels t ha t  contained an 
ignit ion source, such as,  a fan, heater, motor, etc.,  t h a t  
could cause a reaction i n  the media, being contained. After 
review of GSE based on the  above established c r i t e r i a ,  only 
one vessel  ( l iquid hydrogen dewar) qualif ied f o r  the report  
(attachment 1) .  . Oxygen System. - Two tasks (attachment 2) were assigned re la t ive  
t o  the  GSE investigation. Al l  gas/liquid oxygen l i n e  components 
with e l e c t r i c a l  interfaces were t o  be ident i f ied  and as many 
cross sectional  views of these components provided as possible. 
Also, the ident i ty  was t o  be provided of all nonmetallic impact 
application materials, such as, valve seats. 

Hypergolic System. - One task was assigned concerning the hyper- 
golic system. A l l  oxidizer and f u e l  components with d i rec t  
e l e c t r i c a l  f lu id  contact under nominal operations was t o  be 
identif ied.  After review of the CSM and LM GSE hypergolic systems, 

. it was determined t ha t  there are no components which have direct 
e l ec t r i c a l  contact with the propellan5s. 

Several items related t o  a l l  GSE hardware have been effected t o  provide 
a safe, re l iable ,  e f f i c ien t  means of performing the operations necessary 
t o  support and launch a space vehicle. 

A l l  GSE systems rrre fucctionally checked by performing a simu- 
la ted  checkout pr ior  t o  acceptance of each vehicle f o r  launch 
operations. . Operational personnel p~eovide continual surveillance i n  recog- 
nizing operational or  hard~iare prablems t ha t  m a y  be hazardous t o  
personnel or equipment. Immediate act ion i s  taken t o  e f fec t  
safe ty  changes. Also, changes t o  provide more e f f i c ien t  opera- 
t ions are in i t i a ted  and reviewed for  incorporation re la t ive  t o  
necessity, technical adequacy, schedules, and cost. 



M a q -  reviews of tile GSE systems have been conducted t o  assure  a 
successful  vehicle  checkout and launch operation. One such study, 
the  Apollo Ltitnch Ava i l ab i l i t y  Study, was conducted t a  inves t iga te  
a l l  cmpmen t s  i n  each end item r e l a t i v e  t o  redundancy, backup 
ca ,> io i l i ty ,  and catastrophic f a i l u r e .  Also, f o r  each new 
approved end item a f a i l u r e  mode e f f e c t s  ana lys is  i s  conducted. . Test procedures =e cont inua l ly  being reviewed t o  provide 
optimum u t i l i z a t i o n  of GSE equipment t o  perforn a spec i f i c  task. 

Experiences r e l a t e d  t o  GSE have been and a r e  being incorporated 
i n t o  followoti designs of end item hardware. 

GSE reviews a r e  conducted f o r  each vehicle  (FRR'S). 

Close k n i t  communications h w e  been es tab l i sned  among cont rac tors ,  
MSC, and KSC concerning GSE s t a t u s .  

Components and end items have been modified duing t h e i r  usage 
period t o  t h e  ~ o i n t  t h a t  a design has been reached t o  provide 
streamlined optbrations and maximum safeguard from hazardous 
conditions o r  f a i l u r e s .  

Inspection and preventat ive maintenance plans a r e  i n  exis tance 
f o r  GSE end items. 

Adequate f lush ing  techniques have been incorporated f o r  those 
systems s to r ing  and t ranspor t ing  l i q u i d  o r  gases. 

All pressure vesse ls  a r e  acceptance-tested t o  a minimum of one 
and one-half times t h e  working pressure.  Also, func t iona l  t e s t  
and component c a l i b r a t i o n  data accompany each GSE end item 
when delivered. 

In  stlmulary, it has been concluded from the  ii lvestigatioll  t ha t :  

(1) m t i o n  has been taken t o  incorporate maximum s a f e t y  precautions, 
Including design of hardware, f o r  (SE during hazardous 09eratjons; (2) 
continued aoni tor ing  and usage of GSE hardware by operat ional  personnel 
provide information t h a t  is acted upon immediately i n  t h e  case of sdfetv 
items; (3) although the  GSE has caused t e s t  delays,  the  o v e r a l l  perform- 
ance of GSE has been considered adequate and has never at t inibuted t o  a 
scheduled launch delay; and (4) the  va l ida t ion  t e s t s ,  hardware reviews, 
and many s tudies  performec! a r e  all a t t r i b u t e s  t o  the  cont inual  successful  
s a f e  operation of the  GSE. 



GSE OXYGEN SYSlE3fS 

The GSF, oqgen systems provided by NR =d GAC were reviewed for  materials 
c m p t i b i l i t y  aad asseasnent of canponents with electrical/fluid iriter- 
faces. Table 3.1.1 lists the materials exposed t o  the high pressure q- 
gen in the ground suppart equipment. Table 3.1.2 lists the ccmponents i n  
the oxygen system tha t  have electr ical  interfaces. This infannatiozl does 
not provide a sufficient basis f a r  assessing the acceptability of the axy- 
gen systems. The zdditianal materials r e q m d  have been requested frm 
the cantractars . 
The original basis for acceptance of the nanmetalLic matezials application 
i n  the GSE rms successful perf-ce during actual  pera at ion. No failures 
have been experienced whicfi can be attributed t o  impact sensivity of the 
nonmetallic materials i n  the system. 

The contractars have indicated -.erbdly that there ase nc cmponents *with 
direct contact between high pressure oxygen and e lec t r ica l  wiring of cm- 
pomnts. It is recamzded that the necessary materials be assenibled t o  
complete review of +he q g e n  systems in the GSE to the sank? level as has 
been dolie in the spwecaf t .  
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(b) W E  
NONMETALLIC MATERIAL EXPOSURE 

ON MOBILE SERVICE STRUCITEE 

I - -  

- -- 

430-54200 - Gaseous w g e n  
Transfer Unit 

v18 
I ~ 1 6  

V l 3  
V17 
v1 
V2 
v4 
v3 
R3 
Con 1 
m9 
v20 
v7 
v11 
V21 
FL3 
Invelco 

430-54750 - Auxiliary 
Gaseous Oxygen Service 

12 
v3 
sov-2 
sov-3 
SOV-4 
FT-1 
FT-2 
m-3 
RV- 1 
CV- 1 
SOV-1 
sov-5 

Valve 
11 

I1  

11 

I1  

11 

Regulator 
Controller 
Valve 

11 

F i l t e r  
Lubricant 

Solenoid Valve 

Shut off Valve 
11 I 

Pressure Transducer 
I1 I 1  

Relief Valve 
Check Valve 
Shut off Valve 

11 11 

Teflon, Kel-F 
Teflon 
Kel-F 
Teflon 

I t  

11 

Teflon, Kel-F 
Kel-F, Viton A 
Teflon 

I t  

Teflon, Viton A, 
Kel-F 

I1  11 11 

Viton A 
ll I1 

I t  I1  

Viton A 
I I t  

Viton A 
Teflon 
Viton A 
Teflon 





(8) m GSE 

O2 COMPONEN'l?S WITH ELECTRICAL 1NL"ERFACE 

ID~IFICATION 

SOL V-1 

SOL v-2 
SOL v-3 
PT-1 
m-2 
' FT-3 
V11 

I 
A 

N O b E N C m  

Solenoid Valve 

I1  I1 

I1  I1 

Pressure Transducer 
I1  I1 

11 I t  

V a l v e  

Seal between e lec t r ica l  co i l  
and f lu id  

If I f  I1 

11 11 l l  

Isolated i n  well 
I1  I1 

I1 I t  

Sealed 



The available information on the GSE oqgen systems was not sufficient 
to verify the acceptability of the design w i t h  respect to: 

a. Impact sensitivity of nonmetallic! materials application. 

b. Characteristics of electrical component interfaces with 
wgen. 

c. Accumulation of contaminants. 

Obtain the necessary infamation to complete the evalcation of the oxy- 
gen systems, 



3 02 HYDROGEN DEGIAR 'IIAMC 

The liqidd Wdrogen d e w  tank, part  nmber ~34-172, is a cylindrical- 
shaped, lightweight, vacuum-jackebd, superinsulated cryogenic container 
for  storing. liquid cryogenics with minimum losses due t o  heat 'leak during 
starage, t ransp~4ta t ian ,  or servicing. D e w  photograph, see Figure 3.2.1. 

3.2.1.1 DIMENSIONS 
Hemispherical Height of 

Diameter Heads Total Cylinder 

Inner Vessel 
Outer Vessel 

3.aCl.2 TANK hWBlUL AND !l!EIcKNESS 
'Phickness 

.Msterial Cylinder Dome 

Inner Vessel 
Outer Vessel 

Normal - Limit - Proof - 
20 psig 33 psig 45 psig 

Burst - 
90 psig 

3.2.1.4 INPERNAL COMPONEXCS AND MATERIALS 

Radial Resistors 

TWO groups of four carbon radial  resis tors  separated by 'l'eflon spacers 
are  positioned i n  a perforated standpipe of 6061 aluninum welded a t  the 
top %o 6061 aluminum vent l ine  and resting on a Bf ion  g q d e  at the 
bottau of the tank. m e  resistors are 1/8 watt, 270 ahm - 5 percent, 
Type BB, made by Allan Bradley Company, Milwaukee, Wisconsin. The cur- 
rent t o  each resistor is 5 micro amps a t  liquid Wdrogen temperature. 
Schematic of standpipe (probe), see Figure 3.2.2. 





1 1/4 OD X ,049 WALL 
6061-T6 AL TUBE 

PER MIL-W-16878 
RESISTOR 

TOTAL OF 8 
PER PROBE 

3/4 OD X .035 WALL 
6061-T6-AL TUBE 

FIGURE 3.2.2. INSTALLATION CROSS SECTION OF CARBON RESISTOR IN LIQUID LEVEL PROBE 
(TYP 4 PLACES) 



Wire - 
Twenty-eight gage nickel conduictor, Teflon-Coated wire per h - ~ - 1 6 8 7 8 - 4 ~ ,  
Ty-pe E28, i s  used i n  the inner vessel. There are  two wires per res i s to r  
or a t o t a l  of sixteen wires i n  standpipe. 

Insulation 

Sixteen layers of 0.00025 inch thickness dluminized Mylar NCR2 is used 
outside of the inner vessel. 

3 -2.1.5 EXPEW& COMPONENTS AND M A m T A S  ON TAMC 

Top Panel Box 

TOP panel box made from 6061 aluminum contains the  following cauponents: 

Item - Identif ication Number 

F i l t e r  
Pressure Gage 
Pressure Transducer 
Uanual Valve 
Vacuum Gage 
Converter (liquid lever) 
Circuit Breaker 
DC-DC Converter 
Fower-On Light 
Three Elect r ical  Connectors 

Power Receptical 
Descrete Receptical 
Analog Receptical 

The, liquid/or gas-wetted area i s  exposed t o  s-kinless s t e e l  l ines  and 
components as well as aluminum. The sof t  goods contained i n  the  com- 
ponents are  Teflon, Deloren, Kel-F, and Viton. 

Bottom Panel. Box 

~ o t t o m  panel box made *om 6061 ahminun contains f o ~ a r i n g  components: 

Itea - Identif ication Nunher 

F i l t e r  
Pressure Regulator 
Manual Valve 
B u r s t  Disc 
Relief Valve 
Manual Valve 



Manual Valve 
Relief Valve 
Solenoid Valve 
Vacuum Valve 
Vacuum Transducer 
Vacuum Ikansducer 

Ihe liquid/or gas-=*tied area is exposed t o  stainless a h e l  l ines  and 
components as well as  aluminum. 'Phe so f i  good contaimd i n  the can- 
ponents are Tefloc, %loren, Kel-F, end Viton. 

Lines 

External. plumbing of 304L s ta inless  s t ee l  is sized as f ollars: 

Transfer Lines 318 inch 
Vent Lines 1/2 inch 
Gas Lines 114 inch 

Liquid Hydrogen D e ~ w  

The l iquid hydrogen dewar wars miginal ly  designed t o  be used ~ 5 t h  liquid 
helium i n  ;,ervicing the lunar module supercri t ical  helium propulsion 
tanks. The dwar designed and built  by Beech A i r c x f t  fo r  Grumman Aero- 
space Corporation was made canmon-use equipment and uti l ized by North 
American Rockwell Corporation %o service command and service modules 
103 with l iquid hydrogen. 

Prior t o  servicing camand and service modules 103, the capability t o  
completely f i l l  the dewar w i t h  l iquid hydrogen was verified by t e s t  a$ 
the Kennedy Space Center Cryogenic Number 2 Facil i ty.  Also, trans- 
portation of the d e w  with l iquid kJJdrogen up the mobile service 
otructure elevators and insta l la t ion on le-fel 4A was verified by simi- 
l a r i t y  based on t r a p p o r t i n g  the deTms f~1.Q) laded w i t h  l iquid 
helium (liquid helium heavier than l iquid hydrogen 185 pounds versus 
105 p o W s  fulL load). 

General Design Criteria 

Ground suppa t  equipme9t used for  cryweiiic f luids  

Ground support equlgment ~ q e d  for cryogenic f luids  sha l l  be designed 
t o  meet both cryogenic and ambient temperature conditions. 

Provisions t o  prevent damap;e t o  f lu id  l ines  - 
Provisions shall be incorporated t o  yrevent damage t o  f lu id  l ines  a t  
temperature extremes due t o  expansion and coctraction. 



Construction of fluid systems 

Fluid systems shall be constructed of material canpatible with the 
fluids used. 

Safety factors for fluid systems 

Pressures 

~ ines / f  i t t ings 
Pressure vessels 
Operating pressure 

Lightweight metals compatible with pressure vessels 

Lightweight metals canpatible w i t h  pi-essure vessels shall be used in 
dl lines and connectirg f i t t ings t o  tank. 

Ground support equipment desl;gned far use in hazardous gas 

Ground supmrt equipment designed far use i n  hazardous gas environment 
shall have caqonents sealed. 

btals compatible w i t h  pressure vessels 

&ta.ls canpatible with pressure vessels shall be used in all lines a d  
ccnecting fitt ings t o  vessel. 

Gr-rund support equipment exposed t o  salt emiromrent - 
Grolmd suppart equipmeut exposed t o  s&t envirolrment shall t e  designed 
t o  be ccmrpatible with environment either by the selection of the m- 
terial or by a saxitable coat*. 

We de-lsar aesign also inclded the following: 

a. Smallest possible envelope 

c. Lov heat leek 

d. Manual or remote apera'tion 



Loading and S e r v i c a  

The d e w s  are loaded vith liquid hydrogen prior t o  spacecraft servicing 
and stared in the crywii ic  facili ty.  Duriw this  tl~z, the dewars are 
monitored snd checked t o  verify nominal operatian. When the spacecraft 
is ready fa r  servicing, the d e w s  are topped off and transparted t o  
launc5 cauplex 39. One d e w  is far backup and l e f t  a t  the base of the 
mdbile service structure whi le  the second d e w  is posi t i~ned inplace 
on level  4 ~ .  1L"ter conuectiaaq 81.e made b e h e n  facili ty,  dewar, and 
spacscraf%, the servicing is started and continues unt i l  approximately 
90 percent is indicated on the spacecraft liquid hydrogen q - m t i t y  gages. 
!he spacecraft cryogenic tanks are allwed t o  cold soak followed by 
f ina l  loading until the spacecraf% quantity gages indicate 100 percent. 
After servicing, the dewar is purged and 7-d ~ 5 t h  a 1 psig pad pres- 
sure beiag maktained. 

Venting 

!Che venting of tbe liquid hydrogen devar is accauplished as f o l l m :  

a. Cryogenic fac i l i ty  - !&e devar venting is tArough the cryo- 
genic fac i l i ty  vent system. 

b. !bnsportation t o  pad - Deuars not vented. 

c. Mobile service structure elevator - &war vent valve not 
opened but vent line attached t c  elevatar vent as contingency provision. 

d. Base of mobile service structure - Bzckiq? dewar at base of 
mobile service structure is vented into p d  vent system. 

e. Mdbile service structure level &A - D e w  servicing u n i t  on 
level  4~ is vented into pad vent system. 

Schematic cf Lf quid Hydrogen D e w  

Schemaklc of liquid hydrqpn dewar w i t h  cr i t i ca l  ccuponent pressures 
(see Figure 3.2.3 - Liquid Efydrogen &war, ~34-172). 

3.2.2.3 SOIRCES INSIDE TANK 

Electrical 

3kergy fran electr ical  source is not cansidered s-afficient t o  cause 
failur€. 



GH2 
FACILITY 
260 PSI 

I I 

PG 102 . I 

! 
f 

i 

FL130 
10 MICRON - - A -- 

FIGURE 3.2.3. LIQUID HYDROGEN DEWAR (S34-172) 



Chemicals (including contamination) 

Shock-sensitive meterials with l iquid h,vdrogen have teen detected l o  
the system: iron, t in ,  sulfur, Butyl rubber, and zinc. These contami- 
nants have been detected in small quantities - l ess  than 1 mg/liter. 

S e  following specifications are being utilized: 

a. EiA1>610-017 - Cleanliness requirements and cleaning process 
far Apallo f luid systems. 

b. W-SP-F-0021 - ,\pollo spacecraft f lu id  cleanliness speci- 
f ication. 

Particles 

0 - 50 microns UNL 
50 - 140 microns 40 

140 - 230 microns 10 
230 - 320 microns 3 
320 - 410 microns 2 
410 - 500 microns 1 

7500 microns 0 

Fibers 

50 - 500 microns 10 
500 - loo0 microns 1 

71, 000 microns 

Nonvolatile residue - 1 mg/liter 

No ground support equipmentwaivers far the liquid hydrogen dewar as- 
senibly have been experienced due t o  conbdnation. 

Mechanical 

Annulus - A leak ink0 the vacuun-jacketed annulus of the d e w  would 
resul t  i n  rqture t o  outer or inner w a l l  and subsequent gaseous hydro- 
gen leakage that would farm a fLammable atmosphere. Phis condition is 
more l ikely t o  happen during transportation. A 2 psig blowout plug is 
pe,x of the pressure vessel design t o  al low for  contingency re l ie f  In 
case ~f leak into the annulus. 

Not applicable 



Mechanical 

Not applicable 

Other 

Not applicable 

Stress Corrosion 

The hydrogez-containing shells of the liquid hydrogen d e w  tanks, 
~37-C'&16, are fabricated ftrom 6061 aluninum ~ a v  in the T6 condi- 
tion. This alloy has an excellent history of hydrogen service with 
no knam incompatibilities ar sensit ivit ies.  Ihe toughness of the 
alloy is relatively high, and a fracture mechanics analysis shws 
tha t  the mode of far~ure at  normal operating pressures is leakage 
rather than catastrophic rupture. This analysis does not inclule 
the possible effects of ignition of escaping gas. Should t h i s  occur, 
the vessel is protected by both a re l ie f  valve arid a burst disc and 
has a minimum safety factor of 2.73 based on burst disc setting. The 
safety factor at narmal operating pressure is 4.5. Yaterialo reparted 
inside the tank are aluminum, Teflon, nicbel, and insulated caaposi- 
t ion  resistors. There are no terminals or connections made inside 
the vessel. The evaluation cf the vessel, its canponents, and en- 
vironment does not show any condition or materials use which can be 
j udged as potentially dangerous. 

('The above coardinated with Materials Technolcgy Branch, Structures 
and Mechanics Division, Engineering and Development Directorate, code 
-1 

Local Hot Spots 

'Ihere are no local  hot spots. 

Manufacturing A n d i e s  

mere ar.3 no raaufacturing anomalies, 

Preventative Maintenance and Test* 

Irismction of external unit f a r  .leanliness 

Inspec.;- exterrs l  unit for  cleanliness. Remove all di r t ,  excess oi l ,  
water, or other foreign material, as required. 



Inspection for evidence of rust or corrosion 

Inspect for evidence of rust  or corrosion. Remove, treat,  prime, and 
touch-up finish, as required, where bare metal is exposed. 

Inspection far dbvious physical dmage 

Inspect unit for obvious physical damage, dents, cracks, loose, or 
missing hardware. 

Inspection of piping and tiding for  damage 

Inspect piping and tubing fa r  w e  aud clamps and connectors for  se- 
curity. 

Inspection of Ewes 

Inspect gages for  broken lenses a d  bent or missing pointers. 

Inspection of log book t o  verify minimm pressure in inner 
vessel 

-jet log book t o  verify a minimum cf 1 ~ s i g  pressure has been =in- 
tained in the inner vessel. - book shaii. have a minimum of one entry 
every 7 days while not loaded and one entry every 72 hours whjle loaded. 

Inspection of log book t o  verify annulus 

Inspect log book t o  verify annulus vacuum reading has not ex- 
ceeded 50 microxis on VG l l4 .  Log book shal l  have a minimum of cue 
entry every 7 days while not loaded and one entry every 72 hours vhile 
loeded. Pump d m  vacuwn as required. 

3.2.3.1 SIRROUNDING EQlllBENT CONFIGURAlPION 

Surroudhg equipment configuration which could be damaged on mabile 
service structure level  4 ~ .  

Approximate Distance t o  
Nolnenclature D e w  in  Feet 

Spacecraft, service module* 5 
Electrical t e r m i n a l  distribtltor 10 
Ini t ia tor  stimuli unit 12 
Liquid oxygen valve box 16 
Service module-camnand module 5 

oxidizer va2ve box 

* C a m a n d  and service module service propulsion syste~li fuel a d  
oxidizer taslks are loaded a t  the time of liquid hydrogen servicing. 



Service module-command module 
fue l  valve box 

Service propulsion system 
oxidizer valve box 

Service propulsion system fuel  
valve box 

Electrical parer system vacuum 
systems service unit 

Gaseous o v e n  pressure regulation 
unit 

100 amp electr ical  parer distributor 
Compressed gas cylinders (7 K bottles) 

gaseous nitrogen ( outside enclosure) 
Liquid hydrogen valve box 

3.2.3.2 DAMAGE ES- 

Failure Mcde Exhibited i n  Test 

No fai lure  mode was exhibited. 

TIIT Equivalent 

!be following modes of tank failures must be considered: 

. Tank pressure exceeds burst pressure and a catastrophic 
fai lure  occurs under pressure only. 

b. A minimum 18 percent gaseous hydrogen/air mixture results 
frm fai lure  of tank or leak, and an explosion occurs. 

Potential energy (pressure only) 

The potential energy, under is calculated using the follaring 
equation: 

Wark = - - 1 9 -'] = " 4 s  

One pound of TNT is equivalent t o  1.08 X 10 Ft- bs of work. m e  actual 2 energy produced by one pound of TWP is 3..62 X 10 ft-lbs, but 113 of 
t h i s  energy is given off as heat. The W s i s  shows tha t  the liquid 
hydrogen dewar is equivalent t o  0.185 pounds TNP under pressure only. 

Potential enerRy (detonation) - Gaseous hydrogen has the fol- 
laring characteristics: 



h (heat of combustion = 52,800 ~ t u / l b  
270 ~ t u / j j ' t ~  

w (wzight) - - 88.7 f t  /ib 
(detonation velocity) = 9,000 ft/scc 

It (ignition temperature) = 1 , 0 7 6 ~ ~  
Ft (flame temperature) = 3,700T 

(flammable mixture) = 4% t c j  74% 

The follaring tank data is  required t o  calculate the potentid. energv 
developed from an explosion: 

v (volume in tank) - - 118 gals 
11,200~f t3 

H (heat value i n  tank) = 3 x 10 Btu 
Ht (heat output in  tarlk) = 69 Btu/ft3 

6 3 Taking the tank heat value of 3 x 10 Btu and divieing by 2.1 x 10 Btu 
( ~ t u / l b  TNT), an equivalent of 1,430 lbs TNT would be obtained. Due t o  
the folluwing, this value is less: 

a. Rate of detonation of TNT i s  14,800 ft/sec and of gaseous 
hydrogen i s  9,000 ft/sec. 

b. Gaseous hydrogen has a greater energy loss due t o  heat from 
combust ion. 

c. !Jkere i s  an energy loss h e  t o  mixing efficiency (35 ~ e r c e n t )  

The following three methods can be used t o  determine TNT equivalent 
energy in  tank: 

Method 1: 65 percent efficiency due t o  mixing and 33 percent 
energy loss due t o  heat 

Work = (v2)(.65)(.67)(h)(776) = ft-lbs 

TNT equivalent = lo' = 620 lbs- TNT 
1.62 x lo6 

Method 2: Utilize (%) heat output of tank with 40 percent air-gas 
mixture 

Work = ( ~ ~ ) ( 7 7 6 ) ( . 6 5 )  = 

960 x 10 6 TNT equivalent = 6 = 594 lbs-TNT 



Method 3: Considers an 18 percent gaseous hydrogen-air mixture 

TNT equivalent = WT GI-$-air x 1.3 x .65 = 584 lb-TNT 

The three methods of determination give an average TNT eluiv33ent of 
596 pounds of TNT. 

Gaseous hydrogen f i r e  

If a gaseous hydrogen-air ignition occurred instead of an explosion, 
the resul t  would be as follows: 

a. Pressure within the coaibustlble atnosphere would reach 
120 psi. 

b. Heat within the cambustible atmosphere would reach 3,700%. 

Estimated Damage t o  Surrounding Equipment Due t o  Blast anii 
Shr%pnel 

Damage t o  the surrounding area ~-13uld resul t  f i c u  the f ollaring: 

a. Shock Tmve from an explosion 

b. Heat damage frm ignition 

c. Shrapnel from an explosion 

Damage from explosion 

A catastrophic failure of the tank would transmit a shock mve with an 
overpressure (P,,) that  would l a s t  for a time duration (td). This is  
calculated by the following equation: 

Where Pso = psi  overpressure 

R = distance frao blast  

IJ = 1bsTITJ 

ta = - 21 where: t d  = PsO time duration 
pso 



The following table gives the overpressure (P, ) a t  distance (R) f r a t  
b las t  for time duration (td). The distance (I33 is f r o m  the center of 
the tank: 

Equipnent located adjacent t o  the liquid hydrogen d e w  would receive 
extensive damage from the blast  and fran shrapnel. Damage t o  equipment 
and vehicle would be propcrtionate relative t o  distance frm d e w .  

Heat Damage 

The gaseous hydrogen, when mixed with air, would form a flammable atnos- 
phere that  would coyer an area of approximately 15 x 103 f t 3  t o  274 x 
103 ft3. Heat produ~ed from the flame could reach up t o  3 , 7 0 0 ~ ~  and 
pressures within the flame would reach 120 psig. Equipment located 
within the area would be clamaged and there would be damage t o  the ve- 
hicle. 

Personnel Hazard 

Injury t o  personnel would resul t  from burns, extreme pressures, shrapnel, 
and asphyxiation. 

Heat effect 

It requires 2 colllamb2 of radiant flux t o  produce flesh burns and ignite 
certain combustible materials. Water vapor i n  the a i r  greatly reduces 
the radiant heat effect f r o m  explosion; however, a t  distances up t o  
100 fee t  and with a gaseoul; hydrogen-TNT equivalent explosion of 600 pounds 
water vapor effect is  minor. It can be assumed that  personnel within 
100 fee t  of the liquid hydrogen d e m  w i l l  recei-e severe buns .  

Asphyxiation and b u r s  w i l l  also resul t  from a gaseous hydrogen-air ig- 
nition f i r e  referenceti i n  paragraph entit led "Heat Damage" above. 



3 02 4 S W Y  OF CER'PIFIcATION TEST RXQUIXNENTS 

3.2.4.1 TESTS AI! VEXDQR FACILITY 

Acceptance Tests 

The acceptance tests shall include bet aot be limited to the following: 

a. Visual examination 

b. Leakage test 

c. Functional test - To determine compliance with the assembly 
and component design criteria at the operating temperature 
extremes and humidity conditions specified. 

d. Cleanliness tests 

Special Tests 

One unit from the production lot shall be tested to a simdated duty 
cycle of one and one-half' times the period that the dewar assembly is 
in use during a launch countdam. 

3.2.4.2 TESTS A!l !DIE DELI- SITE 

Acceptance Teats 

The following acceptance tes%s shall be performed on a l l  dewar assemblces: 

a. Visual examination 

b. Leakage test 

c. Functional test 

d. Cleanliness test 



Review of the hydrogen dewar indicates t ha t  the design and procedures 
a re  acceptable with the following exceptions: 

a. There i s  a possible presence In the system of shock 
sensit ive materials. Accmulation of these materials 
over a period of time IUEQ cause quantities t o  exceed 
maximum allowable. 

b. Component fa i lures  have occuryed where external leak- 
age of gaseous hydrogen was detected. 

Perform a review of the system t o  determine any sources af contamination 
plus the  constituents. This should include nonmetallic'~?c; well as  metal.- 
l i c '  contamination. Ihe in tent  is t o  assure the  levels will not increase 
beyond the  maximum allowable. 

Investigate compor~ents t ha t  have demonstrated excessive fa i lures  i n  re-  
l a t i on  t o  i n c q a r a t i o n  of periodic change of so f t  goods or  pcssible 
redesig, 



3.3 PAD ~ G ~ ~ C Y  AIR PACK 

3.3.1 DESCRIPTION 

Ibe pad emergency a i r  pack provides an a i r  supply for emergency escape 
Prom the gantry in cass of f i r e  during f l igh t  preparation. There 
are three pad emergency a i r  packs provided, mounted on the walls of 
the white rcz= (CM level) in convenient locations. (see Figura 3.3.1) 

The a i r  pack consists of a manifold of f ive cylinders, The cylinders 
are 11" long by 2" diameter, 301 staLnless s t ee l  of .035 minimum thick- 
ness. i . ' ig. 3.3.2) 

W-c tar& are pressurized with a i r  %o 3600 psi ,  and designed for  the fol- 
lowing pressures; 1 s t  4200 psi ,  proof 6003 psi,  burst 9000 psi. The 
~ n t u a l  burst pressures demonstrated during hydro burst test ing (7 cyl- 
inders) ra~geZ f r o m  1~).600 to 11.60 psi,  a l l  faf lurss ex5bi ted longi- 
tMinal  fract-ares and mn-fragmenting. The aciual safety factor is  
2.5. The tank m i f ~ l d  is protected from overpressure via a 4200 ps i  
re l ie f  valve. 

3-3.2 DISCUSS IOIi 

B e  TITI' equivalent of m a i r  b-ist of the cylinders - 3600 psf x 23 in. 3 
is  1.52 x pounds per cylinder. The predicted fa i lure  mode for 
over pressure i s  re l ie f  a t  4200 ps i  tkrough the przssure re l ie f  u s l v ~ .  

In the event of a catastrophic fa i lure   l last &  ragm men tat ion) CSM 
exterior penetration could occur but there is  no c r i t i c a l  e q u i p n t  
located in close proximity to the air pack stowage locaticn. A failed 
emerg3ncy a i r  pack would reduce by 113 the suited pad abort capability 
using the Launch Umbilical Tbwer. 

'Be safety factor demonstr~ted by tes t  i s  well above normal limits, the 
tanks are further p r c t e c t e ~  by 3 4.230 ps i  ref ief  valve in the manifold. 
The predicted failure mode from over pressure i s  pressure relr.ef through 
the manifold re l ie f  valve. 

The pressure vessels are acceptable and no further testing, configura- 
t ion changes o r  procedural changes are required. 







4 .O CONCLUSIONS 

A l l  GlKE pressure vessels and oqygen systems are considered sa t is factory  
with the following exception: 

The -7 PLSS 02 bot t l e  should not use aged Arde material since 
the  predicted f a i l u r e  mode a t  maximum desQn o p e r ~ t i n g  pressure 
is  by f iac ture  ra ther  3han by leakage, a s  I n  the  -6 PLSS. 

4.2 GROUND SUPPORT EQUlz.9mT (GSE) 

Oxygen System 

me available information on t he  GSF: oxygen sys tem was not su f f i c ien t  
t o  ver i fy  the acceptability of the  desjgn with respect to: 

a. Impact sens i t iv i ty  of nometal l ic  mterials application. 

b. Characteristics of e l e c t r i c z l  cornponeat interfaces with 
oxygen. 

c. Accumulation of conCtinants .  

Hydrogen Dewzr  

Fel-iew of the  hydrogen d e w  indicates t ha t  the  design procediares 
w e  accepkble with the following exceptions: 

a. The possible presenca in  the  system of shock sensi t ive  
materizls. Accunulation of these materials over a. ~ e r i o d  
of time may cailse quanti t ies t o  exceed the  maximum allow- 
able. 

b. Compo~nt fa i lures  have occurred vhere external  leakage 
of gzseous hydrogen was detected. 

5 01 G w  FURNISHED EQUIP1.m (GPB) 

a. 'Lhe material i n  the -7 PLSS 02 pressure vessel  should be 
changed tc one kT.ving a f a i l u r e  mode of leakage ra ther  
than fracture at  naximum design oprating pressure. 

b. Analysis sholdd be made of the e f fec t  of releasing the  
contents of the l i f e  r a f t  C% bo t t l e  i n to  the CM cabin. 

a. Obtain the necessary infom-tion t o  complete the evaluation 
of the  G U  owgen systems. 



b. Perfarm a review of the  hydrogen dewar system t o  5etel-mine 
any sources of contamination and the  const i tmnts .  This 
study should include metall ic  as  well a s  no~~meta l l i c  con- 
W i n a t i o n  and should investigate the  accumulation of con- 
taminants over a period fii time. 

c. Investigate components i n  the  hydrogen d e ~ w  system t h a t  
have demonstrated excessive fa i lu res  t o  determine the  
necessity of periodic change of s o f t  goods or possible re-  
design. 

NASA - MSC 


