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1. INTRODUCTION 

A study of LM Related Systems has been conducted by NASA and 6AC i n  support 

of the Apollo-13 Investigation; t h i s  report summarizes the results of that  

study. Informstion is presented on the following subsystem elements f o r  

both the descent and ascent stages: 

o Propulsion and Reaction Control pmpellant and pressurant tanks 

o Sxygen tanks 

o Water+& 

o Bat*ries. 

?he following major elements comprise the ovel'all study: 

o Compilation of basic system descriptive data 

o Investigation of a l l  l i ne  and system components that could 

potential ly i n i t i a t e  a fa i lure  mode similar to that believed 

to have occurred on Apollo 13 
o Evaluation of non-metallic materials that a re  i n  contact, o r  

could come i n  contact, w i t h  nitrogen tetroxide ( N ~ O ~ ) ,  Aemzine- 

50 (A-50) o r  oxygen; some consideration was also given to the possible 

ef fec ts  of potassium hydmxide (KOH) spillage f r o m  ba t ter ies  

o Compilation of burst  test history on a l l  IN pressure vessels, and 

determination of the anticipated fa i lure  modes in f l i g h t  

o Computation of the TNT equivalency f o r  each pressure vessel as a 

function of mission time, and an evaluation of the damage potential 

fmm each tank f o r  both explosive and non-explosive fa i lures  

o Developnent of conclusions fmm the above efforts  and mcommezdations 

f o r  further  action. 



2 SYSPEMS DESCRIPTION 

The I24 p r e s s u c  vessels a r e  located i n  the Descent PlPpulsion Subsystem (DPS) , 
Ascent Pmpulsion Subsystem (A=), %action Control Subsystem ~ R C S )  w16 

Exwimmental Control Subsystem (ECS). Thq I&¶ bat ter icz are located i n  the 

Electr ical  Sver Subsystem (EPS) and the EScplosive Devices Subsystem (EM). 

Table 2.1-1 s m i z e s  the dsc&gn psrsmeters of each of the I24 preesure 

vessels and bat te r ies .  

The DPS contains four propellant tanks, a supercr i t ica l  helium tank and an 

ambient helium tank. Figures 2 .l-1, 2.1-2, and 2.1-3 show isometric views 

of the re la t ive  location of the DPS components with respect to  the descent 

stage s t ructure.  I n  the M-10 and subsequent configuration, the propellant 

tanks were lengthened. A discussion of mechanical failures uhich could 

cause pressure vessel rupture is included i n  Psra. 2.2. 

Tim propellant tanks and two ambient helium storage tanks are included i n  

the APS. Isometric views of  the re la t ive  posi.tion of APS components w i t h  

respect to the ascent stage s t ructure are shown i n  Figums 2.1-4 and 2.1-5. 

A mechanical f s i l u re  mode t h a t  could cause an APS p=an2m vessel  rupture is 

discussed i n  Para. 2.3. 

The RCS configuration consists of four pmpellant  and tuo ambient helium tanks 

arranged i n  tw ident ical  mdules.  Figure 2.1-6 shows an isometric view of the 

re la t ive  location of  the RCS components with respect t o  the ascent stage 

structure.  There a r e  no single o r  double p i n t  mechanical f a i l u re s  of the RCS 

system which wu ld  lead to an overpressure condition. 

IM-8 and N-9 ECS oxygen and water sections are composed of three oxygen tanks 

and three water tanks, two of  each a r e  i n  the ascent stage and the ~emalning 

tanks a re  i n  the descent stab*. Isometric views of the relative position of ECS 

components with respect to the descent stage and ascent s+age s t ructures  a r e  

shown i n  Figures 2.1-3, 2.1-7, 2.1-8 and 2.1-9. For reference purposes the 

ascent stage primary and secondary coolant loops a re  shown i n  Figures 2.1-10 and 

2.1-11, respectively. In  the W l O  and subsequent conflgiration an additional 

oxygen tank and water tank a re  added to the descent s + e .  There are  no single 

o r  double point mechanical fbilues of the ECS system which muld lead t o  an 

overpressure condition. 



The EPS batteries are the ascent and descent primary bstteries,  and the EDS 

batteries are the ascent and descent ED batteries.  Eigu-ree 2.1-3, 2.1-5 and 

2.1-12 show isometric views of EPS and EDS components relative to the descent 

and ascent structures. 



TABm 2.1-1 

PRESSUPE VESSEL AND BATPERY DESIGN PARAMETER SlJhUARY 

PRESSURE 
VESSEL 

DFS Prop. Tanka 
( h i d .  & Fuel) 

*DFS Sie Tank 

DPS hb He Tank 

APS ~ o g .  nn~a 
( ~ r ~ d .  ", ~ u e l )  

AFS He Tanka 

BASIC 
PART 

MATERIAL 

6A1-4V 
Ti STA 
Post Weld 
Streas 
Relieved 

91-2.5 
SN ELI 
Ti, Post 
inner shel l  
weld atress 
relieved 

6A1-4V Ti 
STA - Post 
Weld s tress  
relieved 

6A1-4v 
Ti 

6A1-4v T i  

DIMENSIONS 

RCS Rop. R?a  
(Oxid. & Fuel, 

*NOTE: ANNUIAR 

-- .. - 

DU. 
IP: . 

51 

TANK CAPACITY N01' MWP PROOF ] DESIGN BUPST 
. . . . 

- 
I -?.-. - FWJ:T 
! I PXD. 

a 1 - h V  Ti 12.645 mid: Dome: 0.017/0.023 
O.D. 38.2 . Cyl: 0.025/0.030 

Fuel: Girth 
32.2 . ~ r l d :  o .03a/o .043 

V O L W  RELI 

- . - . - . 

IEWl'H 
IN. 

m-8 h 9 
70.8 

IM-10 & 

VOLUF. 

IM-9: 125.613!Fuc1: 7076 
(two tanka) ,mid: 11,342 
Oxid or  Fuel . 
124-10: 133.6'?Fuel: 7,520 
(TM tanks) (2 tanks) 
mid or  Fuel ;Oxid: 12,004 

5.92 n3 48 

a i d :  
4107 in.3 
Fuel: 
3298 in .3 

- -. .. . -- - - . -- . . - . . - - - 
- WALL MICKNESS , 

XKATION - I N .  

m e :  0.033/0.038 
Cyl: 0.065/0.070 
Girth 

A(ESS 

0'0w/0'w5 

0'105/0.110 

1728 in.3 

10 $:zky- 
(PC: t.nk) , 

5800 i n . 3  

Qid: 208 
per t.nk 

Fuel: 107 
per t snk  

248 
PSIC 

70 

I 
I 

I 
! 
I 

Inner 
shell: I 
26 .% 
Outer 
shell: j 

IIM-10: 51.2 
Helium 

1.1 ID.. 
HeliuUl 

Fuel: 2007.8 
oxid: 3217.8 

6.6 ~ ~ ( ~ s r i k  

I 
i 
I 

375 : 100 
B I G  I 

I 
I 

I 
! 
I 

Inner 
SL.-11: 0.~9/0.135 
h t e r  
Bhell: 0.031/0.038 

70 

I 
li~)-l550\ - 

B I G  
I 

i 
32.91 1 
14.89 i - Ishcl.1: o .Ws .069  

;Girth 

250 : 70 
PSIC 

! 

, 

333 R I G  180 
E I G  

49.4 

70 70 

4 75 

' Weld: 0.095/0.100 

- Shell:0.032 

t 

I 

! 

8% - 
540°R 

7 

I 405 'Ambient 
FSIG / 

I 
! 

I 
270 1 100 A1Lison: 

360 PSIG k d i e n t  
=IC I U C  PIT 

W6.7, 

i 
22.32 i - shell: 0.1*/0.203 

Girth 
Weld: 0.308/0.313 

45 -9 
R i o r  
to VIC 

57-93 

b(0-82 

3420 1 4 0 ~ ~  
B I G  : 

! 
! 
! 

I 

I 

2625 1 100 
B I G  

375 h b i e n t  
WIG 

5250 , 160 
F2IC 

1710 
BIG 

8.9: 

436 PSI0 

Airemh. 
2274 

EPIT 
2274 
m c  

lbO1l 

Aemjet 
IW-10 & 
Sub. 
360 PSIG 

C I y O  

140- 
200'~ 

b . 1 0 ~ ~  

2327 
PSIG 

333 PSIG 

lo0 

70 

1750 

' 
h b i e n t  

100 

70 184 70 
BIG ! 

4650 1 160 
B I G  

250 
PSI0 

l60 3500 I 160 



8
:: 

t-a
 

. n
 

2
8
 





\SYSTEM LOW WINT DRAIN (~ALANCE LMJ OX 

Figure 2.1-1 DPS Feed Section 
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Figure 2.1-6 Ascent Stage ECS Oxygen Section 



Figure 2.1-9 Ascent Stage ECS Wster action 



Figure 2.1-10 Ascent Stage Primary Coolant b o p  



Figure 2.1-11 Ascent Stage Secondary Coolant Inop 





2.2 DESCENT PROPULSICBl SUBSYSTEM 

The DPS, shown schematically i n  Figure 2.2-1, incorporates the ambient helium 

start: tank, Figure 2.2-2; the supercr i t ica l  helium ( s H ~ )  tank, Figure 2.2-3: 

and four propellant tanks, Figure 2.2-4. The two fue l  tanks and two oxidizsr- 

tanks have similar in te rna l  and external configurations and are  located i n  

the fZ bays (oxidizer) and *Y hays (fuel) of the descent stage crucifo~m 

structure.  The propellant tanks i n  the  24-10 and subsequent configuratioc 

xere extended by increasing the length of the c y l i n d r i c d  section of the tanks. 

The balance l i nes  were deleted and o r i f i ce s  were placed in the branch li t ies 

leading t o  the feed l ines .  The ambient and supercr i t ica l  helium tanks a re  

located i n  Quad 111. Figure 2.2-5 is  a photograph showing the supercr i t icel  

and ambient helium tanks ins ta l led  in the descent stage (bottom and upper 

r igh t  tanks ) . 
For the purpose of identifying candidate components t o  investigate,  it was 

assumed i n  t h i s  study tha t  propellant and propellant a p o r s  do not penetrate 

the system upstream of the reducing valve. The reducing valves a r e  located 

downstream of the helium solenoid shut-off vales and upstream of the quad 

check valves. During pre-mission operations the  vapors and propellants a r e  

isolated t o  t h a t  section of the system downstream of the compatibility squib 

valves. Actuation of the system requires t ha t  these valves be opened ( f i red)  

t o  permit helium flow from the helium tanks, through regulators and check 

-ralves, and in to  the  propellant tanks. Helium pressure in these tanks causes 

propellant flow t o  the engine valves which a re  apened hydzaulically a f t e r  fue l  

is directed t o  the actuators by the pre-valve and the solenoid p i l o t  valver., 

I n  the W 7  configuration an orif iced heat exchanger bypass l i n e  i s  included 

t o  prevent pressure build up i n  the fue l  feed l ine ,  beckuse of neat soakback 

a f t e r  freezing fue l  in the heat exchanger following lunar verking. In addition, 



the oxidizer Fill vent das moved from Quad I V  t o  the +Z 81 bulkhead for a c~es s -  

i b i l i t y  and three oxidizer disconnec+,s (lower deck Quad IV), system high point 

bleed, engine high point bleed and engine 1 3 ~  point drain were moved out t o  the 

heat shield beam i n  Quad IV for better accessibility. 

The SHe tank.is a vacum-jacketed pressure vessel designed t o  a heat leak 

pressure r i se  ra te  not t o  exceed 10 ps i  per hour. In a nominal mission, tank 

pressure is reduced by ventillg on the lunar aurfgce through the lunar 

dump system. Emergency venting of SHc tank over-pressure is through the dual 

burst disc assembly. Over-pressure ruptures both burst discs thereby venting the 

tank. It has Seen shown that the pressure r i s e  effects of a "thermal short" of 

the SHe tank vacuum insulation are adequately handled by the burst di;c assembly. 

No pr~pe l laa t s  or  p r o p l k r t  vapors reach the tank assembly and a l l  materials, 

metallic and non-metallic, are c q t i b l e  w i t h  helium. Tvo pressl;?e transducers 

are provided in a i b e  *the SHe tank; the output From one is re- ~t on a 

exbin meteq while the output fmm the other is transmitted throub- ctie K24 $0 

the gromd. 

The ambiert h e l i u m  start tank is isolated Prom the pressurization system by a 

squib valve. 

- During pre-mission operat5ons no venting means are provided a f te r  

engice firing, the tank is v~n+erl through the regulators in ta  the propellant 

tanks. In the fW-JC and subsequent configuntion, as a result  of the extended 

propellant tads, the helium line; on the top deck were reconfigured and the 

ambient helium l ine  on the -Z top deck was moved inboard t o  place it mder the 

5berglass heat shield. The ambient hel i la  start tank pressure is monitored 

by a pressure transducer in the l ine  domstream of the tank. The output signal 

goes t o  ?mth a cabin display and t o  the FCM. 

Each pair of propellant tanks is  protected from over-pressure by a burs% disc 

and re l ief  valve assembly. The burst disc function is t o  protect the re l ief  

valves f ran the  propellant vapors which have proven t o  be compatibilitr sens- 

i t ive  for lorig &ration expasure periods. Burst disc rupture pressure is 

nominally 5 psi higher than the rel ief  valve pressure, 275 psid maxiram. 



2.2 (cont'd) 

Figure 2.2-4 shows the internal configuration of the propellant tank, and de- . 
t a i l s  of the tank bottom'showing the relation of the bulk temperature probe and 

the propellant quantity gaging system t o  the non-electrical components within 

the tank. Other electr ically operated components within the DPS downstream of 

the regulators, which could provide a propellent/electrical interface in a 

failure mode, are the ullage and interface pressure transducers, c0sppatibili.ty 

and lunar dump squibs, lunar dump and engine solenoid valves,and fuel  pre-valve. 

The transducers are essential parts of the fl-t instrumentation aml are 

cr i t i ca l  in the evaluation of the DPS operation during the lunar mission. Two 

pressure transducers (redundant) are included ir the l ine  just downstream of 

the regulators t o  monitor the regulator outlet pressure. The redundancy is 

required because of the importance of the regulated pressure vith respect t o  

the propellant tanks. 

The .illage transducers are located in the helium lines upstream of the propellant 

tanks; the interface transducers are located downstream of the tanks in the feed 

lines near the engine interface. The squib valves isolate propellants and pro- 

pellant vapors by parent-metirl membnmes unti l  opened instantaneously by explosive- 

l y  severing the membranes. No electrical  power is brought t o  the vslves before 

or s f t e r  operation, but only during the instant of detonation of the explosive 

charges. 

The lunar clump solenoid valves are used t o  control $he duration of venting 

af ter  the lunar dump squib valves are opened. They are isolated frm pro- 

pellants and propellant vapors unti l  the lunar dump mode is activated by the 

squib valves. They are flown latched opexi and are not activated closed unt i l  

pressure in  the propellant tanks has been greatly reduced. The lunar dump squib 

valves and solenoid d v e s  are located upstream of the propellant tanks parallel  

t o  the rel ief  valves and burst discs in  both the oxidizer and fuel sections. In 

the Uf-10 and subsequent configuration the lunar dump helium vent ports were re- 

located t o  dlow for structural changes to  incorporate the extended propellant 

tanks. 



In the DFS, the pre-valves are part  of the descent engine assembly and are 

located downstream of the engine interface. When opened they expose the 

engine solenoid p i lo t  valves, located further downstream, t o  pressurized 

fuel. Opening of the solecoid p i lo t  valves exposes the ba l l  valve actuators 

t o  the pressmized fuel. 

The following paragraphs describe c ~ d i t i 0 n S  where fewer than three mechanical 

fai lures could cause pressure vessel rupture. 

Mixing of hypergolics could cause an overpnxsure condition i n  the oxidizer 

tank or ,  i n  a mrst case, an explosion. '&is condition can be caused by onljr 

one &ilure, internal  leakage of the f u e l / ~ ~ e  heat exchanger. Fuel could 

leak into the helium system via the external heat exchanger, depending on the 

relat ive pressares of the Puel and helium sections do~mstream of the SHe 

squib valves prior  to the descent engine f ir ing.  F'uel could be introduced into 

the comspon helium nrrnifbld which feeds the oxidizer tanks and cause the over- 

pressure condition - 
A fai lure of this type occurred during DVT test ing in 19% (~~96). There was 

a crack a t  the weld joint between the *el collector and the side panel during 

vibration. The fa i lure  was caused by lack of adequate internal  sapport a t  

the mounting location, s t ress  concentration and flexure of side panels. This 

problem was resolved by increasing the p e l  thickness, sddbg external s t i f f -  

eners and redesigning the weld. 

A double fa i lure  of a quad check valve :an he postulated i n  the D l 3  or APS 

which could lead t o  hypergolic propeU,?: mixing. It requires two poppets i n  

series  i n  ei ther  valve t o  f a i l  open ark thereby provide a flow path for  

ei ther  propellant. I n  additicn, the potential for  l tquid flow must be estab- 

lished via ei ther  a temperature or 2ressure g r a d i e ~ t  and liquid must be 

simultaneously positioneci a t  tile heliaa diffuser t o  be forced into the helium 

l ines.  Given these conditions Ir. s!: 'Zicient quantity and an additional 

condition of a relat ively ullage volme, it is  possible t o  theorize a 

si tuat ion wherebj a volume of one propellant cc I d  be swept in to  the opposite 

propellent tanks during a subsequent period of pressurant flow, which could resu 

j.3 a catastrgphic pressure spike i n  the tank where the inking took place. 



i f  the propellant being transferred in the above example were i n  the vapor 

phase rather +&an liquid, the reaction i n  the opposite tank would be much 

less  violent. I n  the worst case it i s  expected that the rel ief  system of 

the propellant tank would be capable of relieving any pressure spike from 

a propellant v a p r  transfer. 

There have been numerous leakage failures (rangiug from j us t-out-of-specifi- 

cation t o  full-open conditions) on the quad check valves. The t e s t  specification 

far leak checking quad check valves a t  GAC is 100 sec/hr max allowable leak- 

age per element and valve assembly with 8 t o  10 psid reverse pressure applied. 

The specification i s  the same for KSC testing except for a recent change 

which allows single eleaent leakage of 300 scc/hr as long as the element i n  

series i s  100 scc/hr maximum, i.e., the valve assembly shal l  not exceed 

i3O scc/hr. Each occurrence i s  presently evaluated t o  determine whether the 

unit i s  rezected or the condition i s  waived. The gropellant tanks can also 

rupture as a resuit of the following two fai lure combinations. The f i r s t  

combination of failures involves a high pressure helium leak, a f te r  descent 

engine firing, from the supercritical He section into the fuel section via the fuel/ 

SHe heat exchanger and the fuel tank re l ief  valve t o  f a i l  closed. The fai lure 

history on the f u e l / ~ ~ e  heat exchanger w a s  discussed abo-m. Two experiences 

of the propellant tank re l ief  valve failing closed have been noted: 

(a) During qualification testing of the re l ief  valve, the crack and 

reseat pressure band shifted due t o  a gurmqy substance found i n  

the housing bore which could cause the valve t o  st ick dosed 

(ref. FR#m(=RU). This substance i s  believed t o  be a product 

of the reaction between fuel and C@ i n  the atmosphere. These 

t e s t  conditions were considered t o  be unrealistic and t e s t  

procedures were altered t o  run t es t s  (liquid f'ue2) under vacuum 

conditions. 

(b! The inabil i ty of the re l ief  valve t o  meet the required flow rate 

of 4 lb/min a t  255 psid occurred during qualification testing a t  

the vendor (Z!CR%). !?he cause and ra t ioode  for corrective 

action are the same as noted in (a) above. 



Tine second overpressure conation occurs i f  the primary Helium regulator 

f a i l s  open and either of the propellant tank rel ief  valves or bust discs 

f a i l  closed. This i s  based on the assumptions that  the descent propulsion 

subsystem has been pressurized and, furthermore, that the crew reaction time t o  

implement corrective action exceeds 6 seconds. Note, both oxidizer and fuel 

re l ief  valves and burst discs must operate in ordrzto dump the f u l l  flow of 

a failed-open regulator. The regulator is orificed for a failed-open flow 

of 19 lb!$in and each re l ief  valve i s  capable of dumping only 10 lb/min. 

During acceptance testing of the ascent regulators a t  Fgirchild, a helium regalator 

(P/N ISC 270-721-7-4) froze open. This icing condition (ref. FFC 2748) was a result 

of inadequate protection from atmospheric conditions. This problem was 

resolved by adding heat sealed polyethylene bags t o  protect the regulator. 

Failure history for the propellant tank re l ief  valves was provided above. 

A similar overpressure condition of the propellant tanks can occur ahen 

pressurizing the system w i t h  the ambient helium s t a r t  tank, i f  the secondary 

Helium regulator f a i l s  open and the propellant tank rel ief  valve or burst 

disc f a i l s  closed. For th i s  failure, the possibility of the crew isolating 

the fai led regulator does not exist, since the start tank i s  downstream of 

the solenoid shut off valve. In this  case the crew could t r y  t o  relieve 

pressure through the lunar dum~, system. However, i f  a slug of liquid pro- 

pellaat. flows through the lunar dump (Parker) solenoid valve, the flow 

dynamics may cause the valve t o  close. The only other recourse would be t o  

stage the vehicle. 
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2.3 ASCENT FROPL?SI9N SUBSYSTR4 

The APS is shown schermattcally i n  N.gure 2.3-1. Two ambient helium storage 

tanks, Figure 2.3-2, aud tuo propellant t*, Ngure 2.3-3, coaPpriae the 

pressure vessels in the system. 'Ihe ambient helium storage tab are located 

i n  the aft equipent bay. 'Ihe p p r ? l l a n t  tmks are supported exkrnally on 

the ascent stage along the - +Y axis. Ngure 2.3-4 shovs a de ta i l  rlew of the 

pmpellsnt tank bottom. Mgure 2-3-5 is a phobgmph showing an instslled 
fuel tank ( louer tank) and Mgure 2 3-6 . shows the helium tank 

installation (tvo larger tanks). 

With the exception of the lunar dung valve in the DPS and t5e RCS-interconnect 

valve in the APS, the Arnztiorrrzl operation of the APS downstream of the regulators 

is similar to that of tbe IPS. 

b t h  the oxidizer and fuel tanks e identical w i t h  respect to functional 

opemtion. Each tank system inciudes Une caqmnents fhm the quad check 

vzlves to the engine interfhce flange. H i g h  pressure helium fmn the storage 

tanks is educed to 184 psig (nominal) and fed to the oxidizer and f'uel quad 

check valves. 'Ihe helium reducer valves (regulators) are located downstream 

of the solenoid shutoff valves a d  upseam of the quad check valves. Tm 

p r e s s m  transducers (redundant) are included in the line downstream of the 

reg~lators to monitor ~ g u l a t o r  outlet  p s s u m .  Ihe propellant and pressuri- 

zation sections are  isolated by explosive valves, located downstream of the 

check valves, un t i l  the system is operated. The tanks are pmtected fmm over- 

plessurization by relief  valveri vith integml burst disc assemblies s e t  to 

relieve a t  250 psig (mar). The relief valve assemblies are located off of the 

hel im llnes upstream of the propellant tanks. In  addition, the pmpellant 

lines contain test poifit disconnects utilized for  check valve and rel ief  valve 

testing, disconnects utilized fbr tank f i l l ing  and disconnects for venting d . 0  

the f i l l  pmcess. Ho pmpellant tank o r  feed l ine changes were made in  the 

TS-10 and subsequent configuration. Pressure transducers are included i n  the 

feed l ine downsmam of the propellant tanks near the engine interface to 

monitor the in le t   press^^ t --r ;-he engine valves. mese transducers could ?x 

used to indicate propellant taak pressures during s ta t ic  coniiftiors. The fuel- 

tank system contains a pre-valve assembly. This is a sole~loid operated device 

which uhen opened prov(,des pressurized fuel through the solenoid pj lot  valves 

to  the engine 5 a l l  valve drive actuators permitting engine operation. A pressure 



transducer is attached to the ascent engine chamber to monitor chamkr pressure 

during engine bcrns . 
The APS helium tnnk.c contain the supply gas f o r  prcpe! lank tank pressurization. 

Each task syshm consists of  a single-ported titanium tank w i t h  l i n e  corngocents 

ccnsisting o f  8 f i l l  clisconnect, temperature transducer and pressure transducer. 

The tempersture a d  pressure transducers are located i n  the line downstream 

of  the tank. The tank is isolated flmn the dounstream pressurization camponents 

by an  explosiwe!Lv actuated (squib) valve. No autamatic over-pressurization 

relief capability ex i s t s  i n  this system since helium is loaded st ambient temp- 

erature and the a f t  equipment bay, d e *  tke tanks are  locatea, provides an 

ambient envirorrment. 'Pvo helium tanks e ct i l ized  to provide pa r t i a l  APS 

redundancy; the supply o f  one tank is sufficient  to  exqel the propellant from 

the APS tanks f o r  a mrmal IN: ascebt frolr the lunar surfbce. In  the IM-10 and 

subsequent configuratioll the temperature L ~ d u c e r  is delkted ant? a redundant 

p=ssu.e transducer is instal led i n  its position in botk helium tank lines. 

The oxidizer and fuel pressurization 1-8 incorporate ~ r e s s u r e  transducers 

mounted appmximately 6 ft ~NUU the tank inlet. 130th propellant +nnkn have 

temperat~n? trsnsducors and propellant level indicators whose sensing eiements 

are 3:ttrnal to the tank and mechanically mounted to the tank bottom. 

Preszntly,the APS propellant Lor level  detector is -ed to provide a mrning 

o f  imminent propellant depletion to t h ~  crew (approxhately 8-10 seconds burn 

time remaining) a s  a cue to tenniate ascent feed through the APS-RCS intercon- 

nects. 'Ihis is the only reqilixement f o r  the PLD and if th i s  cue were supplied 

via another method, such a s  time o r  AV remaining, the PLD cou'ld be elimiriated. 

'his is currently being considered 

because the present 10 seconds is not adequate to  evaluate interconnect s tatus 

and to pennit al ternate o r  corrective action pr ior  to APS depletion in the 

event of a mlfunction. 

An -4PS propellent tank rupture is possible a s  a resul t  of loss of pressure in  the 

tank during high-g mission phases (i.e. - launch-and-boost and lunar landing). A 

pressure decrease below 62 psf vould exceed the demonstrated capability of the tanks. 













Figure 2.3-2 APS Helium W k  
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2.4 FUNCTION CONTROL SUSSYSIM 

The RCS ccdigurstion is shown schanatically in  FYgmz 2.Ll. Within the RCS 

there are tvo independent systems (A snd B), each containing its o-an Helium, 

Propellant and 5lwus.t; Chamber Assembly ( ~ 4 j  C,?ct;Jons. Figure 2.3-5 shows 

the installation of a RCS d u l e  (upper .three tanks). 

Helium is stoM as a p s  in a sphefl-1 t i t e a i u m  tank (see Figure 2-42) .  

'Ihr propellant q m t i t y  measuriag device is installed on one end of the He 

tank. As external biack box, bated above the helium tank near the oxidizer 

tank, cmnputes popellant  remainjag by measuring press- and. tmp?s%*tsm of ~e 

k l i m  in the tank. A pressure transducer is located on the inlet-outlet port 

of the tank. T w  redumiant explosively operated, normally closed, squib mlves 

seal tke helium tank unt i l  just prior to separation fmm We CSM. 

Tw, line-sensed regulators a= installed *a series dovnsL- of the helium 

squib valves and upstream of the quad check valt-s. !he first reguht~r is 

normally in operation and regulates heUm preesure t o  l81 psi. Should th i s  

regulai;or fail open, the second regulator will take over regulating pressure 

.LO 185 psi. A press= trsnsducer is i a s t a lkd  dounstzeaa of me -tor in 

both systems (A an6 B) in order to monitor t k  regulator o1:tlet - propellant 

tank pressure. A psrallel-series quad check valve is located i n  each branch 

leading to the pmpellant kmks to ellsure isolation of one tank f'mm the o-r. 

A relief valve is situated close to  each k l i u m  port on the propellant tanks 

and is set to relieve a t  2% psi. me rel ief  valve consists of a burst disc, 

f i l t e r  and relief mechanism. The burst disc ensures a sealed helium section 

during normal operation and w i l l  burst a t  220 psi. Ho RCS helium pressurization 
system c?um& a s  made as a result  of the Uf-10 configuration. 

Ehch pmpellant section consists of tm cylindrical t i t an im  tanks with hemis- 

pherical e~;ds (..= F'ieure 2.h-3). 'Ihe propellants e contained within a 

teflon bladder supported by a standpipe running leigth-wise in the lank. ?he 

sbndpipe is amd to load acd expel pmpellants. The he l im pressurant flows 

hetween the bladder a& the lzak mil for  positive expulsion. 

A temperature transducer, located on the fue& tank outlets,nonitols tke tankage 

module temperature. A normslly-~pen, latch-type, solenoid opemted s5ut-ofP 



.r~lve is sitvated downstream of the tank feed port for  tank isclation (ma* 

shuWfY valve). A gromd test p o b t  is introduced here for  lint?, valve and 

thruster checkmts- Fxwn this point the propel-lant f l o w s  i2+& a manifold 

feeding eight Wt chanhr assembliee. A pressare tram l7lcer on each m i -  

fold indicates ppellant pressure. 

!he manifclda of lib pmpellant fiPm each system can be connected -ugh 

the owning of mnua.-&-zlosed, latch-type solenoid operated shut-off velves 

(crossfeed valves). Asant e n g i z  pmpellant fmm the feed lines may be 

intmduced iato the RCJ pwgellant manifolds through %e actuation of no-lly- 

chsed, sclenoid operabd, latch-type ahubff valves called sezo&ary valves. 

h o t h e r  set of valves (prhary) are placed in series w i t h  the secondary 

valves and are normslly open ( x s / - M ~  in@rconnect valves j . 5he primary valves 

are redudant and would be u ~ e d  to close off '& lines should the secondary 

valves fiil open. Actuation of these valves provides pmpellant to either one 

o r  both manifolds . Propellant f llters are located between the ascent propulsion 
ce 

sibsystem and the 'aterconnect valves. Ho pmpellant feed system change uas 

made a s  a msul t  of UI-10 configuration. 

%c!i independent sq'atem feeds ei&t thrust chadxsn assen5lies, tam W A t s  in 
eech cluster, ensuring control in a l l  axes. The lines feeding these tm TCA' s 

nay be closed by m r a a l l y q n  soLecoid -&ws (isolation v a l v e s  j. On IM-10 

and subsequeat,,the i s l a t i o n  vaives have been removed. 'Ihe TCAts .are grouped into 

cllistels of four (quads). Each cluster has reduadant heaters fo r  tbe purpose 

of icaintainillg the engines a t  a correct operating t e m p e r a t i  l e v e l  both in- 

f l ight  and on the lunar surface. A temperature sensor is b a t e d  in each 

cluster fo r  the purpose of monitoring engiae temperature. 
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2. f Wi=O=L CONTROL SUBSYS!l'Ed 

2.5.1 Oxygen Supply Section 

The Oxygen Supply Section (shown schematically i n  Figure 2.5-1) stored, i n  

gaseous form, a l l  oxygen reg .ired by the LM and miintains cabin o r  su i t -  

pressurization by supplying oxygen i n  suff icient  q w n t i t i e s  to  replenish 

losses due to crev metabolic comunption and cabin/suit leakage. lhis 

section also pmvides ror  PLSS oxygen refills. 

Ihe descent stage oxygen tank (~igure 2.5-2) provides a l l  required I24 oxygen 

from earth launch thmugh switch over to  ascent stage oxygen supplies. Ihe 
Q ~ ~ ~ - I u :  ins ta l la t ian  is  shown in Fig. 2.2-6Jupper lef t  tank). I n  the  IN-10 config- 

uration, an add i t ioml  descent stage oxygen tank is located in Quad I V  (see 

Figure 2.5-3; upper tank). Check valves are incl.Jded i n  t h i s  configuration 

to provide .tank isolation. The oxygen lines in the system were revised to 

accommdate the additional orygea compo~nts  f o r  the LM-10 configuration. 

Two identical  ascent stage oxygen tanks (FYJJLIE 2.5-4) pmvide a l l  I&! supplied 

oxygen subsequent to switchover to ascent consumables. me instal lat ion of the 

tanks in the aft  equipnent bay is shown in ~gu re  2.3-6 (tm smaller tanks). 

The oxygen p r e s s m  Awn the  oxygen control nodule is monitored by a p r e s s m  

trallsducer located downstream of the module in the PlSS fill l i n e  -a the 

331-10 and subsequent conf'iguration t h i s  pressure transducer was deleted. 

Ihe oxygen h igh-pssure  control assembly reduces the level  of descent tank 

pressure (3000 psis)  to a level  cmpatible w i t h  the normal aperation of the- 

oxygen c o n h l  module (1000 psia) . B e  control assembly also provides high- 

pressure relief cdpability thmugh relief valves, LI& psig max., and burct 

diaphragm, 1400 p i g  mar. 

The owgi?n contml module controls the supply of 02 t o  the-atmosphere revital izat ion 

section (5 ps is  and 3.5 psia), to the cabiii f o r  emergency repressurization 

( 5 psia) and to the P U S  recharge assembly (1000 psia) . The module also controls 

the oxygen supply f l o w  rate. 

me PLSS o.xygen fill assenbly provides a f lexible hose and self-sealing disconnect 

for  r e f i l l ing  of the PLSS primsry m g e n  otoraee tank. On LM-10, the high 



pressure owgen PISS refill module reduces the descent tank pressure level  

(3000 psia) to a ler-1 cunpstible w i t h  tha t  of the higher pressure PLSS 

oxygen storage tank (1450 psia). The bigh pressure re l i e f  capability is 

provided by a relief valve with a 1575 psig max re l i e f  pressure. A new 

interstage disconnect was added downstream of the high press-we oxygen 

PLSS r e f i l l  module fo r  the IX-10 and subsequent coIlfiguraticn. A PISS 

oxygen f i l l  valve is also installed on IJ4-10 and subsequent to  provide shut- 

off  capability to the higher press- PLSS refil l  section. 

2.5.2 Water &nagement Section 

The Water Managent  Section (shown schematically i n  Figare 2.5-5) provides 

f o r  storage and distribution of water used i n  the I24 fo r  evaporative cooling, 

metabolic consumption by the crew, and PLSS refill. 

The descent stage water tank ( ~ i g u r e  2.5-6) pmvides a l l  water required by 

i;he IX prior to stagi~~;. The taxk provides positive expulsion of the water 

by the use of a hladder and standpipe design. The tank is pressurized to  

4.1 psis with nitrogen prior  to earth launch. Instzl lat ion of the tank 

i n  Quad I1 is shown i n  Figure 2.5-7. I n  the W-10 configuration, an additional 

descent stage tank is located i n  Quad I V  (see Figure 2.5-3; lower tank). Check 

valves am included i n  t h i s  configumtion to  provide tank isolation. 

!hm identical ascent stage water tanks (Figure 2.5-8) provide a l l  water required 

by the LM subsequent t o  switchover flwi descent stage water supplies. These 

tanks are also pressurized to 47 psia with nitrogen prior  to esrth launch. 

Installation of the -Y tank is shown i n  Figure 2.5-9. 

Instrumentation i n  the ECSpressurized ~Jxygen and water systemc is limited to 

pressure t.=nsducers attache6 by threaded fitt5ngs (AN) on a l ine external 

to the tanks and water auantity measuring devices (WW) attached t o  the tanks. 

The locqtion of the instrumentatic.l respect t o  the tanks is a s  follows: 
O D/S J2 pressure t ransdu~er  - appror. 3 feet  of l ine  doWIXtream from 

the tank 

0 ~ j s  iressure transduce.? - amrox. d ' f e e t  of l ine  downstream from 
the tank 



o WQMD sensor - mounted on gas side of D/S and A/S water ta&. 

(effect ive through I&!-8 only) 

o D/S ater pressure transducer L approximately 6 inches of l i n e  from the 

tank. A second lower pressure D/S water pressure transducer is 

located downstream appmximately 5 f e e t  o f  l i ne  from ';he tank. 

(These transducers are ef fec t ive  JX-9 and subsequent) 

o A/S mter pressure transducers - appwimate ly  3 f e e t  of l i ne  from 

each tank (these transducers are effect.ive IN-9 ard subsequent) . 
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Figure 2.5-4 Ascent Oxygen %nk 
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Figure 2.5-6 Descent Stage Water Tank 





Figure 2.5-8 Ascent Stage Water Tank 
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2.6  BATTERIES 

The IM electr ical  power i s  provided by three battery types: Descent, Ascent 

and Explosive Devices ( ~ i g  . 2.6-1, 2.. 6-2 and 2.6-3 respectively). The Drscent 

and Ascent batteries serve as the prime power source, while the Explosive 

Devices (ED) batteries f i r e  the pyrotechnic systems. 

The batteries are described i n  Table 2.1-1 aud are shown in their  relative 

positions with respect t o  the descent and ascent stages i n  Figures 2.1-3, 

2 .l-5 and 2.1-12. Table 2.6-1 summarizes the electr ical  characteristics 

for each battery. 

The main batteries are monitored during malfunction only. No-y opened 

bimetalic thermal switches are provided, 5 i n  the descent stage batteries 

and 10 i n  the ascent stage batteries, with parallel wiring. When a 

battery temperature increases t o  140 t o  150°F, the thermal switches actuate 

sending a signdl t o  the IM cabin master alarm and caution and warning 

system indicating a battery malf'unction. 

The open circuit  voltages of the ED batteries are monitored in the cabin: 
these measurements are not telemete~ed. 



BATTERY ELECTRICAL CHARACTERISTICS 

PRIMARY PRIMARY 
EI;ECTIIICAL DATA ASCENT DESCENT 

Voltage (Open circuit)  37.0 M C  37.0 VDC 37.1 VDC 

Ampere hour/battery 296 A - m .  400 A-H m i n .  .75 A-H 

Number cells/battery 20 20 20 

Number 3f batteries 2 4 2 







Typical Terminal Detail 

6.78 
-- - - -- -. .- - . T- Negative Terminal 

Max. ', - Positive 

3 003 
Y s  . 

Guard \ - Test Plug 
i 

- Presswe Helief 
Valve 

Figure 2 .&-3 



3. POTENTI;4L EXXTRICAL EHERGY SOURCES 

A review has teen made of the Ll4 high pressure oxygen and p l ~ p c l l a n t  systems 

to determire if there are any mmpxnents i n  theae systems that could,lead tc 

a p e s s m e  vessel Pailum. 

A review of the potential mechanical ays- c a l - s  of tank failures indicate 

that adequate design =l.m and redundancy exist. Section 2 pmsents a 

disc*wsion of th? conditiom fo r  uMch feer  tbaa three mech6nical faiLures 

can pmduce a pmpulsion system over p a s w e .  

me analysis was m t  mde f o r  the time when the vehicle ms poue& down, 

mmely Prom launch to IN a c e i t 8 t i o ~ .  Therefare, the prirPary ob jective of 

this section is to evaluate the possibility of e lec t r ica l ly  aduced system 

over pmsaurizatiun fmm ][a3 ar YvaUon. The e lec t r i ca l  energy sources which 

have been consideled include prrssure, tsqerahm and quantzty transducers, 

a d  engine and solemid val=s. 

The investi:rtion has shorn that, w i t h  the exception of the Ilescent Engine 

p i h t  valve, none of the electrical components ha= ever experienced any 

fai lure where the medium that it monitors - i n  eontact vim the internal 

mater5al of the subject components. 

The f s i l ed  a s c e n t  Engine p i l o t  valve o c c ~  at  the vendor test f a c i l i t y  

on 7 June 1w. Ibe analysis has sbom .that p m p e l l a t  leaked into the solemid 

causing a short. Corrective actions have been taken by impmvlng the sealing 

capebili.ty. 

Xuib valves were eliminated f l u n  consideration, slnce power is not supplied to 

the explosi-e in i t i a to r  u n t i l  the time of acttation. Once the valve is 

activated, puer is no longer applied and the bridge wire internal  to the cart- 

ridge is disintegrsted by the explosion thelpby breaking the connection. The 

RCS hea+mrs have a lso  been eliminated. Although these heaters are an intent- 

i o m l  source of  e lec t r ica l  energy in@, they are sufficiently removed f m m  the 



fue l  and oxidizer systems (reference Figure 3.8-1) to be discounted a s  a 

source of pressure increase. 

The canponents which are potential sources of e l ec t r i ca l  energy fill into 

three categories a s  shown i n  mble  3.1-1. The transducers are protected 

by 0.25 amp fuses and have a maximum power input of 7 watts. 

The e n g i ~  valves (APs, DPS and RCS) cen produce up to 280 watts of heat 

input. However, since propellant is f lovlng during valve operation, the 

heat generated wuld be conducted to the tbmst chamber and i n b  space. The 

solemid latch valves hat- a power input potential of 140 watts. Hovever, 

the coi ls  of these latching valves are operated momentarily, hence high 

power inputs are of short duration. 

A l l  of the IH c i r c u i t  breakers ham been cer t i f ied  by No- American Roc-11, 

Inc. Report No. MC 454-0010. Ihe c i m u i t  breakers ere subjected to a qual- 

i f ica t ion  test progmm which included functional and envimnmental tests. 

Additionally, a l l  the applicable fuse asseniblies were subjected to a qualifi- 

cation prognu per LCQ 360-045, -046 and -047. 





The 360-601 transducer i s  an absolute pressure device which is used i n  

the ECS, RCS, DPS and APS. !!3e f luids  being measxed and the pressure 

range of the devices are  l i s t ed  i n  Table 3.2-1. 

The pressure sensing device is  a twisted Bourdon tube whose motion is pro- 

portionel t o  pressure. A cross-sectional view of t h i s  transducer is shown 

i n  Figure 3.2-1. The wetttJ areas for n o m l  ope~.sticu aad fo r  a struc%ural 

shgle-point  fail- of X'1e Emdon t a  are also shovn i n  Figure 3.2-1. 

Tile nonmetallic materials exposed t o  the pressure medim fo r  norical and 

single-point fa i lure  cases are i d e ~ t i f i e d  and discussed i n  Section 4. 

A s  shown i n  Figure 3.2-2, power i s  suppiled t o  t h i s  t r a n s d ~ c e r  the 

signal sensor c i rcu i t  breaker on panel 16 zmcl a 1/4 anop fuse i n  t ~ e  sensor 

power h e  asseably or  ECS relay box. The naxinnun operating currerit is 10. 

EEL a t  28 \rW. For ti s:ngIe-point failure within the sensor e l e c t r ~ n i c s ,  the 

&m power k i i c h  cculd be dram is 200 uia. Havver, a 137 -ohm ( l /8  watt) 

res i s to r  i n  the electrotlics waild burn open under -khese cmditions, t e r n i ~ a -  

t i r ~  the cmrent flow: The highest sustainable c ~ r r e o t  f o r  t h i s  device is 

6~ ma. A t  %his current level, the limiting res i s to r  mentioned & b o ~  is 

d i s s i w t i c ~ ;  1/14 vat+ ( t w i c e  rated power). !his condition results i n  1.6 
watts of heat inpat t o  the e j a c e n t  pressure vessei. 

Tke most c r i t f za l  ins ta l la t ioz  or' t h i s  transducer f s  i n  the descent oxygen 

. This e iec t r ica l  e ae rw  sawce is  not capable of inducing a &tank fai lure.  

This class of trmsdrrcers has never incurred my applicable fa i iure  suggest- 

irig f l ~ d  break&rough or  excessive f lu id  heating due t o  electronic fai lure.  



TAELF: 3.2-1 APPLICATIOblS OF PRESSURE 'TWJJSWCER LSC 360-601 

SYSTEM 
DASH 1 m A S W m T  

RCS 

i 
I 

ECS -293 GF 2741 

-203 2921 

- 20'7 3571 

-2OL 3582 

-2C~l i 3583 
! 

I -209 2584 

-205 3591 

-205 3592 

-203 I 4501. 

-203 4500 

-203 I 4502 

-203 4503 

-201:' 0584 

Primary Pwnp Press  0-65 

Red Pump Press  0-60 

Cabin Press  0-10 

ASC Tank # 1 0 Prees  0-1000 
2 

ASC Tank # 2 O2 P ress  0-1.000 

Desc .Tar~kO Press  0-3000 
2 

Upper Hatch Rel ief  Precs0-25 

Fwd. ~ a t c h  Rel ief  Press  0-25 I 

Deo H 0 Prcsc 2 0-60 (0-25 M3) 

H2C Tank Press  0-60 (0-25 ~ 9 )  
H20 Press  M-9 '0-60 (0-25 LM9) : 

i 
H20 Press  IN-9 0-60 (0-25 L M ~ )  1 

I 

Desc. C0;5 Pres .  (rh!-LO) 10-3000 ! 
Desc. TankH20Press  0-60 

Xater Glycol 

Water Glycol 

Oxygen 

Oxygen 

Clxyger. 

Oxygen 

0rj.gen 

Oxygen 

Water 

Water 

Water 

!-later 

Sys. A He T:mk Press  0-3500 

Sys. £3 li? Tank Press  0-3500 

Sys. A He Manif. Pres  0-350 

Syn. B He Manif. Pres  0-350 

Sys. A Fuel Manif. Press0-350 

Sys. B Fuel Manif. Press0-350 

Sys. A Oxid Manif Press  0-350 

Sys. I3 Oxid KcsFf Prcss  0 ,350 
I 

Helium 
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3.3 PESSURE TRANSDUCE3 LSC 360-624 - XXX 

The 360-624 transducer is  an abaolute pressure device used i n  the ECS, APS, and 

DPS systems. The fluid2 being measured and the range of the device are l i s t e d  

i n  Table 3.3-1. 

The pressure sensing devices are s i l icon s t r a in  gauges mounted on an integral ly 

machined diaphragm. A cross-sectional view of t h i s  transducer is  shown i n  

Figure 3.3-1. The wetted areas for  normal operation and for  a s tructural  single- 

point fai lure of the diaphragm are a lso  indicated i n  Figure 3.3-1. The non- 

metallic materials exposed t o  the pressure medium for  normal and single-point 

fai lure cases are identif ied and discussed i n  Section 4. 

A s  shown i n  Figure 3.2-2, power is supplied t o  these transducers by the signal 

sensor c i r cu i t  breaker on Panel 16 and a &a fuse in the sensor power fuse 

assembly o r  ECS relay box. The uaximum operating current i s  10 ma a t  2 8 ~ .  For 

a single-point fai lure within the  sensor electronics, the maxhum current tha t  

could be drawn is  0.15a. However, a 221-ohm (1/8 W) res is tor  i n  the electronics uould 

burn open under these conditions, terminating the current flow. The highest 

sustainable current for  t h i s  device i s  46 ma. A t  this current level  the limiting 

resistor  mentioned above is dissipating watt (twice rated power) . This con- 

di t ion resul t s  in 1.3 watts of heat input t o  the  adjacent pressure vessel. 

The most c r i t i c a l  instal lat ion of t h i s  transducer is  i n  the oxygen manifold. 

However since the power level  is below tha t  fo r  the typed01 transducer 

(see Faragraph 3.2), no significant pressure r i s e  can result  from a fai lure of 

t h i s  transducer. 

This class of transducers has never incurred any applicable fai lure suggesting 

f lu id  breakthrough or  excessive f lu id  heating due t o  electronic fai lure.  
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3.4 'lDPEM?VRF: TRANSDUCER LSC 360-605 - XXX 

The 360-605 transducer is a resistance themmeter  deviae used i n  the DPS and 

APS to monitor propellant temperature. The f luids being m e a s d  and the ranges 

of the device are l i s t ed  i n  Table 3.4-1. 

The resistance thermometer consists of a platinum wire sensiqq element enclosed 

in  a cylindrical housing to allow sensing of the f lu id  temperature. A rep:istame- 

t o - D  C converter (503-2 module i n  SCEA) pmvides the analog voltage output 

proportional to the sensor resistance (nominally 1400 ohm a t  32'~). A cross- 

sectional view, including vetted areas f o r  mnnal and single-point fa i lure  

conditions, is shown i n  Figure 3.4-1. The non-mtallic materials exposed to 
the pressure medium f o r  nofmsl and eingle-point fa i lure  cases are  identified and 

discussed i n  Secticn 4. 

Pbwer is  supplied to this sensor fmnn the above mentioned 503-2 SCE4 module 

(reference Figure 3.4-2) . Nonaal operating pover is 0.5 ma a t  8.5 m. !he 

maximum power that  can be delivered by the SCEA, as the ~ s r i l t  of c i r cu i t  

f a i l ' t 1 . e  o r  propellant leekage, is  do85 watts. 

This e l ec t r i ca l  energy input i s  incapable of producing a signif icact  pressure 

r i se  i n  the f lu id  medium. 

This class of transducers has never incurred any applicable fa i lure  sqges t ing  

f lu id  breakthrough o r  excessive heating due to electronic fai lure.  
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Figure 3.4-2 
Temperature Traqsducer Schematic 

(LSC 360-605.) 



3.5 PROPEUANT QUANTITY GAUGING S Y S m  ISC 370-00009-35 

The DPS Propellant Quantity Gauging System (FOGS) consists of four probe 

assemblies, one i n  each propellant tank, a& one control unit. The PQGS 

measures  the conductance o r  capacitance of the fuel  nad oxidizer, Espect- 

ively, and converts it to a quantity display and telemetry signal. I n  addition, 

each pmbe has a low-level sensor which actuates when 5.646 (9.375 inches) of 

plopellant i-ins i ~ ?  the tank. ?he pmbes are bolted to the tank bot- and 

exteud up to the diffuser flange a t  the top of the tank. A cross-sectional 

dew of the pmbe assembly is shown in Figure 3.5-1. me f lu id  inte,rf&ccs 

fo r  mnual and single-point fail- conditAons am? shown FYgue  3.51. 
Materials i n  contact w i t h  the pmpellants are identified and discussed 

in Section 4. 

A ci rcui t  diagmn of the FQGS system is shown in Figure 3.5-2. Ngure 3.5-3 
is a simplified scheztatic of the sensor electronics. Since the control unit  

i s  located i n  Quad I V ,  removed Fmm the tanlr locations, it has not been consi- 

dered a s  an energy source. rJonaal opemting current supplied to the sc-asor 

electronics, mounted a t  the tank bottom, is 54 nm a t  20.5 volts  (1.1 =tts). 

Two milure tms e x i s t  vhich could increase the energy input to the tank. 

The first is an e lec t r i ca l  failure i n  the sensor electronics thst can increase 

the heat input. Ihe control unit  can deliver a merimum of k00 ma through a 

DC-toX converter to 2 pmbe assemblies. (The other 2 pmbes are powend by 

another 400 I!@ supply.) The maximm current drain fo r  one probe is  reduced 

by the converter efficiency and norms1 curmnt to the second pmbe. Current 

draw in excess of 330 ma to  one pmbe ~ i l l d  cause the control un i t  ovellcurre~t 

device to latch and stop A& current flow. A sensor electmnics mil- re- 

sultzng ic c l m n t  of ~p ta but not exceeding 300 ma is improbable. A second 

f a i l i i  uould increase the current t o  400 ma which is the value used in the 

following +henna1 analysis. 

I f  a short c i rcui t  occurs ( d i s s i p t i n g  a mxfmum of 8.0 vatts) within the 

2.5 inch diameter potted electmnics at  the base of the tank ( i n i t i a l l y  st 75'~) , 
the T-nsient thermal response of th i s  volume w i l l  be 1 2 2 ~ ~  after 45 minutes and 

179'~ s f t e r  2.0 hours of operation. The adjacent 1 cu. in.volume of propellant 

direct ly above the electronics cam w i l l  laach f l ~  after 45 minutes and 93 '~  

a f t e r  2.0 hours. How-ver, the FQGS is only on f o r  c" 45 minutes and p m p l l a n t  



is flowfng out o f  the tank f o r  the Last 12 minutes. 

Propellant leakage in to  the sensor e l ec tmnics  from a s t ruc tu ra l  single-point 

failm could induce an  electronic  f a i l u re  which wu ld  r e s u l t  i n  the same maxi- 

mum sensor curmnt. This f a i l u re  would require a leak through the hermetic sea l ,  

leak thmugh the s i l a s t i c  $t t ing compound - RTV 20, decanposition of  e lectronics  

capsule epow potting compound, an3 a c i r c u i t  fgilure . 
Iihe secord f?!&ilure type is a failure o f  the sensor electrodes *ich could. del iver  

e l s c t r i c a l  energy d i r ec t ly  to the f lu id  i n  the semor  tube. Normal power d i s s i -  

mted i n  the f lu id  is 1 to LO microwitts. A short c i r c u i t  b e t e e n  any of the 4 

electrodes,  o r  from an  electrode to gmund, would increase the power diss ipat ion 

i n  the electronics  Aam 1.1 wrtts  to about 1.6 watts. No pover would be dissipated 

i n  the $ h i d  since the electrode psth thmugh the propellant has essent ia l ly  no 

resistance. I n  addition, the sensor e lec tmnics  would s top current f l o w  f o r  a 

short  c i r cu i t .  The only failure ~ c h a n i s m  which could increase f l u i d  energy is 

a f i n i t e  resistance path through the propellant (greater than 28 ohms f o r  oxidizer, 

0.15 o m  f o r  fue l ) ;  no such failure mode could be postulated during t h i s  s t u a .  

If this d id  occur, the power diss ipat ion in the adjacent 1 cu. in. volume o f  f l u id  

( i n i t i a l l y  a t  75OF) would be .36 w. 

A simplified t ransient  thermal analysis  was performed f o r  both l iqu id  and gas 

envimments,  assuming conduction to the surrounding f lu id  and aluminum tube. 

The following temperatures have heen computed : 

o 1 cu. in. of l iquid:  1 0 7 ~ ~  a f t e r  45 minutes and 123O~ after 90 minutes 

o 1 cu. in. vapor: ( ~ t  90 psia,  the m i x t m  w i l l  cans is t  o f  188 N ~ O ~ /  

8 6  He o r  2.5$ ~ - 5 0 / g .  54 ile) 

- N204: 2 3 0 ~ ~  after 3 minutes and 2600~ a f t e r  30 minutes 

- A-50: these temperatures w i l l  be lower because of  the higher He content. 

It can therefore be concluded that the DPS Pror l l a n t  Quantity Gauging system 

cannot provldt the e l e c t r i c a l  energy r e q u i ~ d  to induce tank f a i lu re  . I n  addition, 

the RGS t ,s never experienced a fa i lurn  suggesting f lu id  breakthrou&, excessive 

f lu id  heating due to e lec tmnics  fa i lure ,  o r  electrode short  circuit . .  



The nonreetallic materials i n  the Propellant Quantity Gaging System (PQGS) 

located in te rna l  t o  the DPS fue l  or  olddizer tanks and exposed t o  the 

propellants a re  Rulon A and Teflon. 

The Rulon A material is a blend of Teflon TFE res in  (~e t ra f loroe thylene)  

and ceramic strands manufactured by the Mxon Corp. They indicate t ha t  

the material camposition is  proprietia'y hovever, heat.iag f o r  extended 

periods of time a t  temperature above U330% w i l l  drive off the !kflon 

leat ing a white poser ash of the ceramic. Anc?lysiz of Rtilon A here a t  G-4C 

have indicated the major constituents of t h i s  ash t o  be a l d n u m  magnesium 

s i l i ca t e .  The ceramic f i l l e r  is  added t o  the Teflon t o  increase s t i f fnes s  

and prevent creep and cold flow of the material. Compatibility of' the 

material with fue l  and oxidizer a t  smbient temperature f o r  days was 

demonstrated i n  Allison Reprt; BC. 036549~5 dated 5-9-66 "E-raluation of 

Rulon Covered lkr'lon B ~ i z r s  f o r  LPZ Ikscent Stage Propellant Tank 

Antislosh Baffle. " 'lhere i s  0.26 pounds of Rulon A i n  ';he FQGS exposed 

t o  the prepellants. 

There i s  0.095 pounds of Teflon i n  the W S  exposed t o  the propellants. 

This Teflon i s  used as  tfibing, sheeting arid a diffusion honded coating 

(g~-e-een) containing a chromiam oxide t o  give it the green color. The 

Teflon used is  primarily a WE and FEF r e s in  ( ~ l o r i n a t e d  ethylene-propylene). 

Ww~rous reports demonstrate the c o q a t i b i i i t y  of TFE and FEP u i th  pro- 

p e l l a t s  a t  xnbient tempratwe.  

The PQGS electrodes penetrate the pressurized area thraugh a glass  t o  metal 

sea?.. External t o  t h i s  see1 (no propellant exposure) the e l e c t r i c a l  leads a re  

potted i n  an approximately 13 inch long column of MN-Z9 s i l icone rubber. 

There i s  .017 paurlds of t h i s  s i l icone rubber. 

The e l ec t r i ca l  leads then terminate i n  an electronics package containing 

nuinerous ncm?ta l l ics  such as printed c i r cu i t  Sosrds, e tc .  with the primary 

nonmetallic being an q o x y ,  Stycasc 1W. m e r e  i s  0.3 pounds of Stycast 

1w located i n  the electronics package. The volume of the 6061 aluminum 

electronics package housing the R'I3'-20 snd Stycase 10% i s  14 cubic inches. 



No information i s  currently available on the flammability of Rulon A, Teflon, 

RTV-20 or  Stycase 1090 i n  N202 o r  A-50. Recent t e s t s  conducted a t  Atlantic 

Research Coq.  indicate tha t  f u e l  vapors can be ignited as a monopropellant 

with an e l e c t r i c a l  spark a t  approximately 450'~ and the f u e l  l iqu id  can be 

ignited a t  approximately 550%. Teflon exposed i n  the f u e l  l iqu id  and vapors 

during these t e s t s  did not burn. Tests conducted i n  a i r  o r  oxygen have 

indicated the autoignition temperature f o r  epows such as  Stycast 1090 and 

f o r  s i l icone rubbers such as  RTV-20 t o  be oser QO%. These temperatures 

would be expected t o  be a t  l e a s t  as  high i n  N204, assuming N 0 could 
2 4 

support combustion. 

An analysis has been made f o r  the pressure r i s e  i n  the propellant tanks 

o r  the e lec  tr0ni.c package housing, assuming tha t  these quanti t ies  of the 

above nonuetallic materials have burned. 

Assumed Propellant Tank Ul las t  Vol. 0.94 f t. 3 

Expected P = 79 p s i  f o r  Rulo'n A plus Tcflon 

3.6 p s i  f o r  RTV-% 

175 p s i  f o r  Sty cas t  1W 

Assumed Electronics Package Vol. 1 4  in.  3 

Expected P = 1860 p s i  fo r  RTV-20 

20300 p s i  f o r  Stycast 1090 

From t h i s  analysis of de l t a  press-e r i s e  i t  can be seen tha t  combustion 

of the nonmetaUics could cause a tank pressure r i s e  t o  the 260-275 p s i  

pressure r e l i e f  limit and vent. However, combustion and pressurization within 

the electronics package would. cause tha t  unit  t o  be overpressurized. resul t ing  

i n  seal leakage o r  case fa i lu re .  



FIGURE 3.5- 1. PQGS SEIJSOR. 
7-10 



g] Displays . - 
UCLVUU.U I CONTROL 

v=T-r" 

Figure 3.5-2 

FQGS System Schematic 





The low-level detector f o r  the ascent propellsnt tanks consists of a pmbe 

assembly extending in to  the tanks which contain magnetic co i l s  and t h e i r  

associated circui t ry.  Figure 3.6-1 is a cross-sectional view of the detector  

showing f lu id  interfaces f o r  noma1 and single-point f s i l u re  conditions. The 

non-metallic materials exposed to  .the f lu id  medium f o r  these conditions are 

ident i f ied and discussed i n  Section 4. 

The propellant l eve l  detector is posered from the sensor po=r fuse assembly 

a s  shown i n  Figure 3.6-2. The normal po-&.r requirements a r e  8 ma a t  28v ( 2 2  

watts).  Tvo f a i lu re  modes e x i s t  which would r e su l t  i n  higher e l ec t r i ca l  

energy inputs. 

Failure of a capacitor i n  the electronics  could r e su l t  i n  28 v being applied 

e i t h e r  d i r ec t ly  acmss  a lK resistor o r  a forward biased diode. I n  the first 

case, the power dissipat ion increases to  0.9 watts, which would be transmitted 

to the tsnk and its contents. For the second case. the current would rapidly 

exceed the 250 nra ra t ing  of the fuse and the current flow would cease when the 

fuse opens. 

A weld f a i lu re  of the sensor case would allow N204 to enter  the sensor tube, 

and reac t  with the potting. Since t h i s  could r e su l t  i n  curnerous c i r c u i t  f a i l m  

modes, the worst case i s  assumed to be the maximum current t ha t  can be drawn 

through the fuse (250 ma) . This increases the e l e c t r i c a l  heat  input to 7 watts. 

If a short  c i r c u i t  dissipating a maximum of 7 watts occurs within the potted 

electronics  i n  the pmbe ( in i t i a l l y  a t  ~ P F ) ,  the average temperature of the pmbe 

w i l l  be 170 '~  a f t e r  45 minutes and 175'~ a f t e r  4 houre of operation. ?he thermal 
response of the adjacent $ in .  thick cylinder of propellant surounding the pmbe 

w i l l  be 80'~ after 45 minutes and 8 2 ' ~  a f t e r  4 hours of operation. 

It can therefore be concluded that the Propellant Level Detectnr cannot provide the 

e l e c t r i c a l  energy required to  induce tank fs i lure .  

The Propellant Level Detector has never experienced any applicable f a i l u re  suggesting 

f lu id  breakthrough o r  excessive f lu id  heating due to electronic fa i lure .  
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3.7 SOIJ3NOID VALVE LSC 310-403 

This latching solenoid valve is used in  the RCS as the Main Shutoff (4) ,  
crossfeed ( 2 ) ,  quad isolat ion (16) and ascent feed (8) Valves; it is a l so  used i n  

the D B  f c l r  lunar &mp (2) .  ( ~ o t e  : The RCS quad isolat ions valves are deleted 

on IN-10 and subsequent.) The locations of these valves are shown i n  Figures 

2.1-2 and 2.1-5. The wetted areas f o r  n o m l  and single point f a i l u re  conditions 

a re  shown i n  the cross-sectional view i n  Figme  3.7-1. The materials exposed t o  

the ~ r e s s u r e  medium f o r  normal and single-point failure conditions are ident i f ied 

and discussed i n  Seetian 4. 

The electr ic& conf igu ra t io~  f o r  all in8l;allations is the same, an3 is shown i n  Fig. 

3.7-2. Pover consumption and c i r cu i t  breaker protection f o r  each valve ins ta l la t ion  

under normal cc~idi t ions a m  suErmarited in 3.7-1. 

The msxinum e l ec t r i ca l  energy input t o  the f lu id  system would r e su l t  from a partis7 

c o i l  short causing current t o  be drawn up t o  the c i r c u i t  breaker protect icz l imi t .  

This condition could r e su l t  i n  e l ec t r i ca l  energy inpuis xp tc .lhG vat%. A similar 

faiLure coilld be iindrlced i n  the co i l s ,  i f  the propellant uerc: t o  leak =t the s t m c -  

t u r d  interface &?d dissolve the c o i l  potting. 

Prqxl lant  r'ious through the valve cavity and is separated f r au  both solenoid co i l s  

by a s ta in less  s t e e l  yls'ze velced i n t o  the valve s t r ic ture .  No& operati,ng gressure 

is 180 p s i  at. 70%. 

The c.rcbabflity of the propel la- t  penetrating the s ta in less  s t e e l  she l l  separat2ng 

the pro-pl'bnt frm the e l ec t r i ca l  c o i l  is low. Hcwever, should t h i s  c~ndi t ior i  

occw, the propel lat t  would dissolve the potting cmpoune surrounding the coil. 

Tht pressu?-e generated by the =action t-he pressure r i s e  resul t ing from increased 

c w m n t  can rel ieve in to  the s m u n d i n g  a i i  throu& the hole iz; the valve .sed to 

Sriog the e l e c t r i c a l  leads to the co i l .  



Pressure can a l so  relieve through the p r o ~ ~ l l a r l t  l ines  t o  the tank ullage voluqe. 

I n  no case c m M  a signif icant  pressure r i s e  occ3w i n  the tanks as a res.sr~lt o,t 

t h i s  faikcire. I n  addition, since pcrwer is supplied t o  the vaive orl1-j when î s 

changes s t a t e ,  even the worst case input t>E lkl watts could cnly ex i s t  i o r  sne or 

two seconds. The longest steady state energy input resul t ing from a single f a i l a r e  

is 50 watts due t o  a fa i led  "or,!' solenoid co i l .  

Test da ta  indicate tha t  i n  the  f l i g h t  configuration ( f lu id  ir, the cavity) the 

valve temperature would s t ab i l i ze  at 430-45oCr". I f  a nab shutoff valve fai,ls 

i n  th'ls mannel; the tank tempcrsture vould increase to ,  and stabili~e at, 150% 

ir, aboilt 50 hows. This is well below %he energy IeveL reqzzred t o  danage the 

system. 

IT ~r.exv-.f~re, s o l e ~ o i d  valve f a i l m s  of any kind cannot contribute s i g n i f l ~ ~ t l y  

t o  a systeni pressure increase. 

This solenord has never experienced any appiicable f a i l m e  suggestirg r'lcid 

breakttrough or excessive f lu id  heatiag dire t o  sclonci3 c o i l  defect. 
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Solenoid L atch Valve 
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Figure 3.7-2 

S ~ l e n o i d  Valve Scherratic 
(save  for all applicstiocs) 



3.8 RCS INXC'IQR VALVE LSC 310-130 

The RCS Injector  Valves contml  the fue l  and oxidizer fLaw i n  the RCS engines. 

There are 2 valves ~ p r  engine, 32 total p r  vehicle. Esch valve contains 2 

coi l s ;  the primary c o i l  f o r  noma1 operation and the secondary c o i l  for  backup 

operation. A cmss-sectional diepram of the injector  valve, including the 

wetted area f o r  nonaal and single-point Bilm conditions, is shown i n  Figure 

3.8-1. aterials exposed to the pmpellant f o r  these conditions are identified 

and diselssed i n  Section 4. 

Power is supplied to the primary valve m i i s  An;: the eight Thrust Chamber 

Assembly quad c i rcu i t  breakers through the jet drivers in  the A m .  The 

secondary coils a re  powered A.cn the A t t i t u d e  D i ~ c t  Contml c i r c u i t  breaker 

on &el EL through the Attitude Cont2.01Lbr Assembly bardover switches and 

the + X Translation push b2tton ( fo r  dotrliw%rd f i r ing  jets only). A l q  when 

mode c o n b a l  switches (one per ax i s )  a re  i n  direct,  the secondary coi ls  are 

powemd through the pulse/direct switches of  the ACA. These c i r c u i t  config- 

urations are i l lus t ra ted  i n  F'igures 3.8-2 and 3.8-3. 

Ibrmal injector  operating cur re~ l t  is 2 amps a t  28 volts. As in the case of 

the solenoid valve, tuo fa i lure  mdes exist which could result in heat inp.~t; 

partial c o i l  short c i r cu i t  o r  potting cormsion ~ s u l t i n g  i n  heat buildup and 

c o i l  damage. However, vhen tAe injec&r vsl%xs operate, they pmvide a f lu id  

psth to the vacum of space, hence e lec t r ica l ly  iMuced pressure buildup i n  

the injector  valve is impossible. m e  valve w i l l  operate f o r  any short c i r c u i t  

up to the c i r cu i t  breaker current l im?. t ,  since the magnetic f i e l d  is approximteljr 

constant f o r  any M i a 1  c o i l  short c i r cu i t  (i.e. half the turns yields twice 

the current, hence ike -tic f i e ld  is constent). If the engine fails to 

f i r e ,  the RCS caution and warning w i l l  advise the crev to open the c i r cu i t  

breaker. 'Iherefore, the RC3 injector  valves cannot be considered a significant 

source of energy i n p t .  

The RCS injector  valves have never experienced any applicable fa i lure  suggesting 

f lu id  breakthrough o r  excessive fluid heating due to valve c o i l  defects. 



Figure 3.8-1 
RCS In jec t ion  Valve 
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3.9 ENGINE PRE-VALVES (DPS & APS) 

The pre-valves i n  the main propulsion engines a r e  used to i so l a t e  the f u e l  from 

the solenoid p i l o t  valves. lhese valves a r e  the same f o r  the ascent and descent 

engines. A croas-aectionul view of this component, including f l u i d  interfaces 

f o r  normal and aingle-point f a i l u re  conditiong is  shown i n  Figlure 3.9-1. Mat- 

e r i a l s  exposed to  the f lu id  medium f o r  these conditions a r e  ident i f ied and 

discussed i n  Section 4. 

Power is supplied t o  the APS pre-valves fmm the CDR and LMP Ascent Engine 

Latching Device (AELD) c i m h i t  breakers through ser ies /para l le l  re lay  contacts a s  

shown i n  Figure 3 .g-2. The pre-valves a r e  opened f o r  an engine-on comand, 

along w i t h  the p i l o t  valves. Normal operating current is  1 amp. Two fail- 

modes e x i s t  which could cause an inclcease i n  e l e c t r i c a l  energy input. A partial 

c o i l  short  could r e su l t  i n  current drawn up to the c i r c c i t  breaker protection 

l i m i t  of 4.5 amps (assuming other  valves drawing n o m l  current) . A leak in to  

the c o i l  area could induce a s imilar  failure by dissolvillg the potting and 

causing c o i l  shorts.  For e i t he r  of these f a i l u re s  of  the APS pre-valves, the 

maximum heat input is  125 watts. Since the valves a r e  only energized when the 

engine is f i r ing ,  any Local heating w i l l  be conducted away by the propellant 

flow. 

The DPS pre-valves are powered f r o m  the DECA power and Descent Engine Override 

c i r c u i t  b ~ a k e r s  through nonnally open relay contacts. This configuration is 

shown i n  Figure 3.9-3. The pre-valve 1s actuated by the engine arm switch 

i n  the descent position. The same fa i lure  modes aa on the APS ex i s t  f o r  t h i s  

valve. However, the DPS pre-valve is  not operated simultaneously with the 

engine valves. I n  f l i gh t ,  the engine i s  armed (pre-valves open) 5-10 seconds 

pr ior  to  ignition. This condition would not allow appreciable heat input pr ior  

to  conducting the energy away with the flowing propellants. Therefore, such s 

condition i s  not capable of providing any a ~ p r e c i a b l e  pressure r i s e  tb the 

related system. 

The engine pre-valves have never incurred any applicable f a i l u re  suggesting 

f lu id  breakthmugh o r  excessive heating due to electronics  fa i lure .  





F i g ~ r e  3.9-2 
APS Fre-Valve and Salenoid P i l o t  Valve 

Sr'lemat ic 



DE Arm 
%st 
Enable 

F i g u ~ e  3 ,<:-3 
DPS Pre-Valve & Pi l a t  
Valve Sckmtic  



%e solenoid pi lot  valves are pmvidd to control the of fuel  against 

pis-ns uhich hydraulically drive .the ball valves .  The ball i l s l ~ s  contml 

the main flov of ~ p l h a t s  to the chamber. k cross-sectiom'l v i e w  of t k  

pi lot  -zalves fov the DPS and APS are shown in E'igurces 3.10-1 and 3 -10-2, 
respectively, along vith the f lu ie  interfaces f c r  normal ai, s--le-point 

fa i l= opernticm. aterials exposed to the fTait5 lnedium for  + h s e  conditions 

are identified ani discussed i n  Section 4. 

A maflual o r  auto "descent engize on" s-1 provides a relay contact path fmm the 

CEXA p u e r  c i rcui t  breaker (a) to  the EX'S EXat Vabes. Robpr can also be 

supplIrijl from the Descent Q@ne h r r i d e  c i w u i t  breaker ( 1 ~ )  by operating 

the Ikscent Ebgine Override switch !%f. Figure 3.9-3). 

The faiI.are m e 8  for  these valves are the same a s  fo r  the b-Valves described 

i n  Para. 3.9. 

The APS pi lot  =lves are pouered flwn the CDR and W AEI2 c i rcui t  breakers 

(7.5A) in parallel for Auto Engine On, A b o r t  Stage or  Manu1 -ine Start ,  

craman& ( ~ e f .  FigriFe 3.9-2). 

Alttio'cigh the heating effect  is m t e r  ( w  200 watts), the same operational 

constraints apply i.e. valve is o a v  pomred for engine Firing uhich results 

i n  p m p e l h t  flow =re thr+u sufficient to dissipate the energy input. 'Iberefore, 

such a condition is incapable of providing any appreciable pressure r i s e  to  the 

related system. 

The* has been only one occurencft where this  valve has experienced a pmpellant 

breakthmugh. This failure occurred at the descent engine vendor on 7 June 1966 

where the solemid uas partially shorted resu1l;ing flxm propellant leakage into the 

solenoid (milure Report # FST 18884). Corrective action provided an impro-zed 

sealing capability to the solenoid co i l  by E?2 ~1~4.61932, effective on solenoid 

mlves U8, 130 and subs, descent engine 1020 and subs. !here have been no 

additional Failures of propellant breakthrough. 





Figitre 3.10-2 

.DPS Pi lot Valve 



D-is section presents a review of material  cmpa t ib i l i t y  $?or those materials 

exposed t o  N 0 A-50, 0, and KGH. Emphasis has been plnced on the canpati- 
2 4' 2 

b i l i t y  of the nm-meta?li,c ~itc:i.ials in  each subsystem exposed t o  these f lu ids  

i n  nancal arid single-puiri " + i  !.t.:re modes of opl-aticm. These cmpa t ib i l i t y  

consiGerations have incl; +ea: 1) evaluation of +,he material  degradation when 

e-vosed to the flui:: d I  nc--ma1 operating temperstures i.e. i s  it dissolved or  

not, 2) is  the inaterial impact or sk03k sensi t ive when exposed t o  the f lu id ,  

and 3) is  it capable of reac t i rg  i f  heated t o  a high t e ~ p e r a t w ?  For the 

electro-mechanical ins t rumenta t io~  devices, an e s t i m t e  of ~ r e s s m  r i s e  i n  t-he 

system as a re su l t  of assmed canbwtiofi of non-mei;allics has been compute?. In 

addition, a general discussian or" r a t e r i a l s  cmpatib? ' l i ty  i s  included f o r  those 

items exposed t o  an overboard oxid5ter lezk. 

A review of the non-metallic materials normally exposed t o  tile propellant oxidizer 

i n  RCS, APS, and Di?S (see tables  4.2-1, 4.2-2 and 4.2-3, respectively) indicates 

t ha t  only Teflon, Kynar, and Carboxy-Xttroso-Rubber are used. Teflon i s  used i n  

s t a t i c ,  s l i c ing  and impact seals.  Kynar is used in s l iding and impact seals.  

However, with the exception of the RCS quad check valves, it is  limited t o  o p r a t i o n  

i n  tine test/servicing quick discorsiects. Carboxy-Nltroso-Rubber (CNR) is used i n  

s t a t i c  and s l id ing  seals,  and as an -impact s ea l  i n  the RCS quad c k c k  valve. This 

check valve sees only h e l i m  and N204 vapor, since the liquid oxidizer is contained 

within a Teflon bladder. 

Impact data  at up t o  70 f t - l b s  ( l imi t s  of t e s t )  indicatzZ no reaction i n  N 0 f o r  2 4 
Teflon and Kynar. No ilnpact data  am available f o r  CNR other than canponent and 

system t e s t s .  Available data  indicate t h a t  a l l  three materials a re  zanpatible with 



N2Q4 and are not attacked by extended liquid or vapor exposure at normal operat- 

ing temperatures. 

Limited data  on Teflon decanpositiun products exposed t o  oxidizer vapors i n  a 

vacuum at 200,OCO f e e t  indicate 30 reactian (~e fe rence  7). Otherwise there are 

no da ta  svailable on the exposm of hot (over 160'~) Teflon, Kynar or OR t o  

N 0 l iquid or  vapor at operating pressures of 200 psi.  
2 4 

Butyl rubber is used as a secondary s t a t i c  s e a l  i n  the P r o p l l a n t  Level Detector 

ana Explosive Valves. Data indicate t h i s  material h i  limited cmpa t ib f l i t y  9n 

11 0 l iquid. Extended exposure tends t b  soften the material  and make it tacky. 
2 4 

No impact o r  elevated temperature data  are available f o r  t h i s  matzrial; however, 

it is  not used under those conditions. 

Pion-metallic materials used i n  electro-mechanical devices (such cs the Propellant 

Quan'iity Gaging Sys tern, Temperature Transducer, Xisolute Pressure !J?rari2 7ucer 

Solenoid la lve)  require a s t ruc tura l  metal case f a i lu re  t o  exgose non-metallic 

components of the e l e ~ t r i c a l  sys%em t o  N 0 Upon exposure, these non-netallic 
2 4' 

materials would be attacked by the N 0 at normal temperat- and cause leakage 
2 4 

through the device. These m t e r i a l s  are identified i n  Tables 4.2-1 through 4.2-3. 

No impact or elevated temperature react  ?'. on data a re  available. 

Material c:mpatibili ty tes t ing  references ahown i n  Tables 4.2-1, -2, and -3 

presentee i n  Para. 4.8. The materials are compatible w i t h  the f l u id  f o r  s t a t i c  

o r  b p s c t  conditions as demonstrated by the references. k a k s  through transducer 

metal. cases in to  areas where no compatibility reference is shown are intended to 

indicate that: 1)  no data  a r e  availaole,  and 2) the generic type mater ials  

expoed i n  t h i s  area a r e  generally attacked by the f luid.  



( TABIaVb.2-1; I&! RCS OXIDIZER SIDE NON-ELETWIC MATERIALS LIST 
i 

Teflon : ~ ~ ~ ~ 1 ~ j . m  Biadder I N j FEP/ i 

! 

i Teflon WE/ Space !-Top of Stand- N 

I Plpe Gasket-Static- 
Base Cover t o  Tank 

I Vent Line-Strings 
! i 

EZuid 

Fluid 

I ! 
f ,  

' Teflon I Pad -He Deflector N F-uid 
W I TFE/FEP I 

1 t- 
/ Quick Disconnect i m a r  
i ! 
I LSC-310-3I.l I 

j Impact Poppet Seal j M.-Failure of t Vapor 
f He Servicing 1 

I 
Quad. Check 1 

i ! valve I 

1 @ad. (heck Valve Nitroso 1 Impact Foppet See3 I Me-Failure of 
I i 1 I hopel lant  / 

EX!-310-306 i mm I Sliding Shaft' Guide / Me-Tank Bladder / Vapor 
- - 
I 

1 Relief Valve 
I 

! 1 Teflon I D p c t  Seal M.-Failure of I Vapor 
I f m a t  Msc I 

! Sliding Shaft Seal 1 Vapor 
I 

I 1 
! ~ent/Propellant wr Impact Pappet N I Liqvid 2 

1 

1 
i 

LSC-30-401 S e a  - N204 Servicing I ! . _ . . . ...._ .____. -._._._.---_ * ._..-_-_ __ -. --. . . -.- ..-. . _ .  -- -.- -.. ---.* .._.. .-.-I - -  -... --.-*- 
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I TABLE 4.2-2; ( ~ o n t  'd ) 

Temperature Transducer 

~SC-360-6@-303 

Solder 1 Inttulator-Bement Wir M. Ihet3e matend 
Glass are exposed t c  

(1.0- e&l  fluid only 

1 
upon rupture 

I 
of the outer 

i 
I 

case which i t 3  

i 304 stairiless 

I 
steel  

I .  
ceramic / To ~onst&ct El-nt M. 11 

I 

i vex:;: 

, Insulator-Feed "" 1 M. 
SLee~ring ; i 
(0.000;3- ; 

I I 
i T e f l m  ~nsuiator/~train 
! Shrink Tuhd Relief 
p.m1tP ! 
1 est,)  
i i I I 
I Teflon wire-~il-W-1687814~' ! He 

Jacketed 1 1 

; a b l e  I 
( 3 0 ~  e8t ) j 

i 
! 

i ! 

I Liquid 

Liquid 

Liquid 

Liquid 

Liquid 



- -----.. 

TYPE: 
OF 

COXTACT 

Vapor8 

Vapor8 

Vapor8 

Vapor6 and 
Uquid 

Liquid 

Vapors 

Llquid 

Liquid 

Liquid 

-,- --- 
CC:+tl'A'I131LI 2' 
Il!FOi~~Y~2~1.~l -5 
1 ~ ~ s .  ( y u A  q.5)  

TABLE l+,2-2; ( ~ o n t ' d )  

CC:.ps::!;:;7 i:k.s, XODX - 
,u:3 

mF':CJy"cb:; 
~ ~ , 7 : ; l ~ i ~ ~  c~~zc;; l;;;,r,zs .I;I:;GLE: tffiE"LYC1IG:i 

-.. I 

! 
I 

Teflon I Stat ic  B u r ~ t  Dlrc Seal N 

STATIC 

4 

4 

8 

4 
4 

4 

4 

I ~sc -27(~n7-15  

! 
4 
I 
1 Fill  md Test Mscannect 
I 
! LSC-2701613-25-27 ! 

- 
1:QACT 

2 

2 
2 

2 

2 

Canpat ble 

lhc+ible 

Lnc- e t i b l t  

I 

Teflon I Sliding Cap Seal 

~itm.0 1 s t a t i c  8e.5 

Teflon 

I 

Teflon,FEP . Impact Poppet Seala 

M 

N 

N 
! I 

I LSC-270-817 * Teflon,PEP j Impsct Pappet Seal8 
I 

I 

M 

j ~ l e s t ~ ~ ~ ~ l ~ d ~ ~ e r  j G l a a .  I I Vacum Sea l  Joint fo r  i M 
I (O.l@n eat  1 Wire Feed Through 

LSC-360-6C1 I M 
6203 Sensor Coil8 i 

M I 
i 
! 

--... .-.--.----.-.--- ... - . - -+- - . - - . - . - . . - - . - -  I . . - -  

631 
I(o.001 @n 

i 
i 
I I 
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1 TABLE 4.2-3; (conttd) 

I CS;,F$Im;;T TiA1.X 

I 
liIx 

---->,-,-n-m 8 ,- 
LLIL., As-. t ~ f i ~ 1 C : ;  ?:::.szl3 i 

I a i a z e r  - 
i Teqerature 
f Transducer 

1 LSC-360-605-303 
I 

~ h e n y l  

(1.05s eat) i 
I m o w l i t e  I 1 (EL e s t  1 
I 
I Bondmaster i 
1 W73 P/B 1 
1(8.0gm~ es t  1 
I Nberous 

Asbestos 
/(2.ogms e s t  J 1 

Solder 
Glass 1 

(1.Ogms ea t  1 

Heat Transport Fluid 

Support Nberaus 
Asbestos 

Cushion f o r  Ceramic 
Element Tube 

Insulator Element 
Wire 

E j Construction of 
Element Assembly 

!(lo*5S I est I 
i 

Liquid 

All Ccolponents 
are internal  t o  
outer s ta inless  
s t ee l  housing. 
Vpon i t s  fa i lure  
internal  can- 
ponents will be 
exposed t o  l iquid 
and malf'unction. 

Liquid 

Liquid 

, 

j Liquid 

Liquid 

I 
1 



---- 

TAELE 4.2-3; ( ~ o n t ' d )  
.----- 
i ~~/~c,':;;:;'~ 3;flm I :,!ODE: TYPZ 

OF 
X CONTACT 

Liquid 

Liquid 

Liquid 

l iquid 

I Liquid 

-- L b i , ; ; y i ~ ~ ~ ~ ~ i ~ ~ ;  -.. ~~~?.c?;x  

Oxidizer TBnk Wire 

Temperature Transducer 

LSC-360-605-303 I 

, 1631-~ype-~ I I 

i (0.0001gm eat ) : _ ___ -. ._.. ... - - . . - - - .  -. ------.--.----A -- 1 ! 

- 
! t O T X f i  03 
SIPiGu: :-XLFDTCTIO 

,UT Components 
are  internal  t o  
outer s ta inless  
s t e e l  houaing . 

.Upon i ts fa i lure  

>-- 

- --- 
C G : . p J , : j ' ~ ~ ~ ~ , I ~ = ~  
IXFOf2UiTIL'ii E 
TC~S.  (i-'12:2~ 

c.m ~ A A L I C  r l  

j f internal  can- 
I 

I tponents w i l l  be 

ir.8) 

II,PACT 

i i i ! ! 
I ! 

1 Teflon, R Insulator Shrink 
i 1 (0 .00001~ 1 Tubing 

exposed t o  l iquid 
and malfunction. 

I I  

i e s t  ) I 

j 
w i r e -~e f lm / hal-*16878/4~ Wire . . 19 

Jacketed ! I 

i 30-s e a t )  j j 
Absolute Pressure ! -1ite- Wet Winding Agent for  /bu cauponents are 
Transducer 6203 Sensor Coils , ]internal t o  outer 

I I (0.1- e s t  ) / istainless s t e e l  
/ L s C - ~ ~ O - ~ O ~ - X X X - ~  1 I 

i !housing. Upon its' 

i : 
f crilure , internal  
camponents w i l l  be 

i exposed t o  l iquid 
1 I and malfhction. 

I 
j ~ l y e s t e r  I Coil Spacer 

I 

I 
I I  

! 
! / Poms M i l -  14 
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TABLE 4.2-3; (~ont'd) 



A review of the non-nletallic materials normally exposed t o  the propellant fue l  i n  

RCS, APS and DPS (see Tables 4.3-1, 4.3-2 and 4.3-3, respectively) indicate t ha t  

Teflon, Kynar, . Ethelyene Propylene Rubber (EPR) .and Butyl Rubber s r e  use3. Tef Ion 

i s  used i n  s t a t i c ,  s l iding and impact seals.  Kynar is used i n  s l iding and impact 

seals.  However, with the exception of the RCS quad check valves and descent p i lo t  

valve, it i s  limited t o  operation i n  the test/servicing qu!.ck disconnects. Butyl 

rubber i s  used i n  s t a t i c  snd sl iding seals  and as an impact sea l  i n  the RCS quad 

check valve. This check valve sees only helium and A-50 vtrpor, since the f u e l  i s  

contained within a Teflon bladder. Em( is  used i n  s t a t i c ,  s l iding and impact seals  

i n  the ascent and descent propulsion prevalves and p i l o t  .valves. 

Impact data  at up t o  70 f t - l b  ( l imi t s  of t e s t )  indicate no reaction i n  A-50 Por 

Kynar (~e fe rence  5). 2ccause A-50 i s  not considered mechanical shock sensitive 

(~e fe rence  6) ,  t h i s  type evaluation i s  not normally conducted on exposed materials. 

Other than cmponent and system tests ,no impact data are available f o r  Teflon,EFX 

and Butyl rubber. 

Available data indicate t h a t  a l l  four  materials are  canpatible with the f u e l  a t  

normal operating temperatures. I n  addition, system leve l  t e s t s  have indicated no 

problems with these four seal  materials. 

Eecent t e s t s  conducted at Atlantic Research indicate t h a t  fue l  vapors can be ignited 

as  a. monopropellant a t  approximately 4509,  and the liquid becomes a monopropellant 

at approximate'Ly 5500F. Teflon and EPR exposed i n  these environmtnts die nclt a f f ec t  the 

reaction temperatxres . Dcta on the effects  of Kynar, o r  BuLyY. rubber i n  these 

environments are not wai lab le .  

Non-nietallic mazerials used i n  electro-mechanical devices such as the Propellant 

Quantity Gaging System, Temperature Transducer, Ak-solute Piessure Transducer, 

Solenoid Valve, and Engine Solenoid P i lo t  Valve require a s t ruc tura l  ~lletal  case 

f a i l u re  t o  expose non-met8llic components of the e l ec t r i ca l  system t o  A-50. Upon 

exposure, these non-metallic ma+,erid.s would be attacked by the A-50 at normal 



tenperatms and cause leakage through the device. n e s e  naterids are identi- 

fied i n  Tables 4.3-1 though 4.3-3. flo impact or elevated temperature reaction 

data on these materials exposed to  A-50 are available. However, as previosly 

stated, the P ~ e l  iyself 'cecanes a monopropellant a t  tempemtms of 450 and 

550% for vapor and liquid respectively. 

Material canpatibility testing :~ferences shown in Tables 4.3-1, -2 and -3 

sre presented in Pam. 4.8. Ihe arterials are ccamtiblc vith the fluid for 

static or irpact conditions as dwnstrated by the hierences. Jkaks -ugh 

tmnducer metal cases into amss *re ao c ~ l p a t i b i l l t y  reference is shown ib 

a m  intended to indicate thrrt: 1) m data amz available, and 2) the gcneric 

t-ype materiah exposed in this area e generally attacked by the f luid.  



i TABLE 4.3-1; LM RCS FUEL BIKE NON-METALLIC MATERIALS LIST I 

I I 

I -+ lLI&z;;mk e f  lon Expulsion Bladder Fluid 

I 

i~efloon TIE spacer-TOP ~f stand-pi N 
I Gasket-Static Baee Cove 

To Tank 
Vent Line -8tr ings 1 

Teflon Pad-Ht Deflector N Fluid 
TFE & FEP - 

Quick Disconnect mar Impact Poppet Seal M - Failure of  Vapor 
LSC -310-311 He Servicing 8- Check Valve 

Quad Check Valve Butyl Impact Poppet Seal  M - Failure of  Vapor 
LBC -310-306 B591-8 ! Propellant 

Tank 
I Sliding Shaft Guide 1 M Bladder Vapor 

Liquid 

C I _ - .  --- .... . . . ._ . .. .. - . . -- - . 
Solenoid Valve Teflon 1 Impact Seal N I Liquid 
LSC -3 10 -403 RTV -30 1 Solenoid Pott ing I M a a i l w e  o f  &a1 Liquid 

1 gm I 1 &a1 weld 

Relief Valve 
! LSC -310.307 

1 Teflon I Impact &a1 M F a i l u r e o f  I Vapor 

! Sl iding 8hsft Seal  
! 
I 

IMF .,IL'~!AYIO:~ 
PZFS. (FKd 2.8) I 







Temperature Transducer 
LSC -360-605 -303 ( ~ o n t  'd) 

Propellant Lever Detector 
LSC -270A01 

TABLE 4.3 -2 (continued) I 

Varglass Insulator - Feed Wire M Case Which 1'8 
Sleeving I 304 Stainless 
(0.00001 [ s t e e l  

Solder Glea Insulator-Element Wire 
(1.0 tgw es ) t Ceramic Tub To Construct Element 
(10 gma e s t  

Teflon- i 
Shrink Tube Insulato r / ~ t r a i n  
( O . O ~ ~ O ~  i Re l i e f  
w e s t )  I 

M l!heae 
Materials are 
Exposed t o  

M Fluid Only 
Upon Rupture 
Of The Outer a 

Teflon 1 -Wire-MiZ-W- 

(30 epls e s t  
-. .-- -. .. 
TeflDn r ln t e rna l .  Components 
Buna-N- 

, Maga F i l l e r  
RTV -20 
Potting 

; iogo 
s tycas t  ' 

M These Materia 
M Are Exposed To 

Fluid Only Upo 
M Rupture Of The 

W.ic5. IS 347 
M Stainless 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

. ... --  ."- -- 
Liquid 
Liquid 

Liquid 
Liquid 

Liquid 



I 
i 

TABLE 4.3 -2 (continued) 

I Explosive Flow Valve Redundant Se a1 
LSC -270-819-9-7A (Pyrotechnic) S t a t i c  

L - 

l~ill And Test M S C O M ~ C ~ S  kynar I I 
I impact - mppet &a1 

/ cC,~~~;L: ;T 

I fu:3 

I 1 ~ ~ 1 . : ~ I ~ ~ C A ~ i G : I  : ; ~ ~ . ~ ~ ~  

I 
i iB591a s t a t i c  Seal Butyl 

--- - ...-.. . --- ... . - . 
d s t  c o c t s  Teflon Impact Poppet Seal / ~ ~ ~ - 2 7 0 - 8 1 3  25;-27 I 

I 

I ! 
I - -  I 

140EE - 
1iCi'iCW 03 
Si?iCE lJ&m'NCTIO 

LSC -270805 -2;-702 -1 [~ynm Secondary Sliding Seal 
-. . ! . . 

.-. -.---. -.--- .,.-. *--- . - .- - ..* .. ..- -. . 
Poppet Seal 

LSC -270-817 

C O ! G " T I 3 I L ~ T Y  
TYPE 1NFOX~fiTiO:I h 
OF PZFS,, (?&?A k . 8 )  

l i  CONTACT 
i.kIZI?IAL 

1 Pressure Relief Valve 
I LSC -270 -717 -15 

f !  
'Vc i 

Pressure Transducer Vacuum Seal Jo in t  
LSC -360 -601 

APPLICATIO;: 

Teflon S t a t i c  Burst Disc Seal 

Te f ;Lon a Sl iding Cap Seal 
I 

I on'" In  post 1 1 6 

Fired Conditio 
.-.. - 

N 4 

Liquid 
. -  --- 

Vapors 

M I Vapors 1 

Epoxlite Wet Winding Agent 
6203 I For Sensor Coils 
(0.1 -. e j )  I 

i i 







I 
I 

I TABLE 4.3-3; IM IPS FJEL SIDE NON METALLIC MATERIALS LIST 

/ ~ y S t a  1 -26 1b. Insulator-Static N Liquid 11 - 
1 ISC-270-OOM)g 

i N Liquid 4 - 
N Liquid 4 - 

1 
bortion of  em. &a1 M Liquid Co-spatib le 

i M Liquid 

I 
M Liquid Incom- 

! .017 13 pat ible  
.- 

Solemid Latch Valve I Teflon k a c t  Seat Vapors 4 ! 1 
t h M r  mnp) 
UC-PO-403-305 RT:- 33 kolenoid Potting Incorn- 

(Compound I pat ible  1 
I 
I i 

sIPI'W 
Or' 

.? COXTACT 

, Liqu-d 

Liquid 

Liquid 

Liquid 

Liquid 

AFPLICA'2IGI.J 
IEEN"i'FICATICI< NLT.B'iR 

vel Sensor Support - 

istanex f hser Seal-Static 
f 

'?ropellant Quantity Gaging L o n  A Tank Mount to  Probe 

CC:.l?~2ISILI'iY 
I;iFCIY!TI3:! 5 
REFS. (?fl-A k.8)  

Y a  
! WOF:*i'SL 03 

SIIiGLF: WLFUNCTIG 

N 

N 

N 

N 

M 

STATIC 

4 

4 

11 

4 

8 

Ii?i?AC? 

- 
- 

- 
- 
- 



----- 
I 

-- -------.----- 
TABU 4.3-3; (cont la)  

i CG.fCimP HAME 
iL*:c I I;.Zi2iFICAFIKJ XL2E?l? 

Squib Valve 
LSC-270-819 

TYm 
OF 

!i CONTACT 

Liquid 

Liquid 

Liquid 
-. . -- - 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 
... 

Liquid 

Liquid 

Liquid 

Liquid 

I 

!,IAT!SI? 1% 

Butyl- 
B38-7 

Quad Check Valves - Te flon-FEP 
LSC-270-817-3 Teflon-FEP 

nect - Propellant 
Servicing 

CO:~l.FATIBILITY 
INFOT;:,TATIO;i & 
REFS. (PARA 

STATIC 

6 

4 
4 

. - 

4 .  

4 

4 

4 

4 

4 

4 

12 

12 

12 
I 

MOlX - 
APPLICAT'I 02 NOX& 0 3  

SINGLE lJ&F"JX'CTIC 

Impact ,Poppet Seat 

Impact ,Poppet Seat 

Impact-Sliding Poppet 
Seal 

'~edundant Seal Pyro- 
technic-Static 

N 

M 

N 

4.8) 

I:.!PACT 

LSC-2704302 Ky nar ISec~ndary Sliding Seal ! M 

M - Only i n  
Post Fired Condi- 
t i o n  

I 

- 

1 

1 

5 

5 

1 

2 

1 

1 

- 

- 
- 

- 
1 

I 

M 

M 

N 

M 
.. -. -- .--...-. - . .-.- 

N 

N 
--.-- 

N 

! Relief Valve Teflon-F'EP IImpact Poppet Seat 

I TRW 401574-4 1 B591-8 inawe i ! l~pst ream S t a t i c  
; B-591-8 Flange Seal .- . -... .-.---.------- . -  . . I  ._.__-..__._A 

/ ?sc-270-818-5 
Ky nar 1Statie F i l t e r  Seal 

I 

Coupling-Quick Msmnne d Teflon 

ISC-270813 Secondary Sliding Seal 
.--. 

"0" Ring Sta t ic ,  
I 

Fuel h c t  I Butyl- "0" Ring S t a t i c  
I TKJ-108621-6 1~591-8 Flange Seal 

I 1 .----. 
; F l o w  Control Valve I h t y l -  tIbwnstream S t a t i c  











4.4 OXYGEN 

kn-metallic materiala used in  greater-than-20-psia o4gen system m defined 

as  Category "D" and are identified through the CCMAT Sycrtem; these are 

slaa~arized i n  lhble 4.4-1. Qualification for  use i n  o4gen service is based 

on assembly level off-limit and quallflcation testing in accordance with the 

6AC controlXng specification, LPL-522-2. Material application verification 

is pmvided 'through CllR t es t s  which demonstrate *he suitability of the !wterial 

i n  teims of service owgen pressure. 

?hree items (LSC-330-321, -390 and -505) have been identified as assemblies 

vhich uti l ize mn-metallic materials i n  high pressure olrygen dynamic applica- 

tions &emin the material may be subjected to impact loading. Ihe non- 

me ta l l i c~  (&1-~-81, B f b n ,  Viton A, Viton B, and m x  240 Ac) -re tested 

by the HASA/MS~ Roer and Propulsion Division to determine their GOX compati- 

biliqty under ~pechanical impact vlth U) foot-pounds at ambient temperatures and 

2000 psia GOX pressure. Ihe results of test, with 20 samples of each material 

'ested, indicated no reactions; this substantiated the su i tab i l iw of the 

materials fo r  use in high pressure oxygen systems. !he el-F-81 poppet seal  

i n  * 321 F i l l  Coapling i s  the only dynamic application for  which impact data 

a t  nonael, o r  greater than norarrl, opensting pressure are not available. However, 

the dynamic application of th is  material occurs only during the oxygen f i l l  

cycle. 

Ihe oxygen qualification tests referenced in mble 4.4-1 and mentioned above 

demnstrate the suitabil i ty of the non-mdallics used under conditions of no 

impact loading (s ts t ic)  . Additionally, IW.4 has LOX or  GOX impact test data 

a ~ i l a b l e  for  a l l  but three materials. Samples of the materials which have 

not been tested have been sent to WSPF for  testing. 

mree pressure transducers can, a s  a result of a single-point structural 

failure, expose non-metallics to high pressure GOX. Ple subject transducers 

meet the falLowing requirenents : 

o A l l  sensors in  absolute pressure transducers are leak checked a t  1.5 
to 2 times their  rated pressure 



o The sensing elements have a burst pressure ra t ing  of f i v e  times t h e i r  

rated pressure range 

o Prmf pressure t e s t s ,  during supplier and GAC PIT t e s t s ,  demonstrate 

the in tegr i ty  of the sensing element (cal ibrat ion is  performed a f t e r  

proof -press.m t e s t s  

o Proof pressure t e s t s  exceed system usage operating pressure range 

Should a rupture/leak of the sensing element occur, a )  the reference chambor 

w i l l  contain tuo times rated range or  5,000 ps i a  whichever is lower. (redmaant 

pressure vessel);  b) additional metallic and non-metallic materiels would be . 

exposed t o  high-pressure GOX; c )  the sensor e l e c t r i c a l  power elements w i l l  a l so  

be exposed t o  high-pressure GOX. 

IF. the event t ha t  a no~i-metallic is considered Category "D" as the r e su l t  of high 

pressure GOX exposure due t o  a s t ruc tura l  fa i lure ,  it can be concluded tha t  impact 

sensitive materials would be exposed ( the transducers contain mylar and Epoxyllte 

6203, both having fa i led  LOX impact t e s t s ) .  The noa-metallic materials exposed 

and the amount of material f o r  the ECS pressure transducers (LSC 360-601 and LSC 

360-624) are shown i n  the DPS Oxidizer Table 4.2-1. 

Certain other materials w i l l  be exposed t o  GOX pressures higher than normal 

operating pressures as a r e su l t  of a single-point fa i lure .  These materials should 

be reviewed and be considered f o r  GOX pneumatic and mechanical impact testing. 

igni t ion potent ial  of a l l  materials used i n  oxygen is presently verified by a 

standard Flash and Fire test conducted under ambie~t pressure conditions. The 

e f f ec t  on igni t ion potent ial  of high pressures shmid be evaluated by t e s t s .  



Component Name 
and 1dent.Number 

321 F i l l  Coupling 
D/S 

TABLE 4.4-1 

IM ECS SUBSYSTEM NON-METALLIC MA1'ERIAI.S LIST 

Application 

Poppet s e a l ,  dynamic 
appl icat ion during f i l l  
Thread lock, s t r t i c  

- . ------.-- - - . -..---- ..-. 4 
Material Application Ver i f ica t ion  

3000 r I LCQ-330-02 J ~ u r o l a t o r  t e s t  , procedure No. 2095. 3000 p s i a  
3000 i 

i Oween 

l 
392 High Pressure E-617-9 
Oxygen Control Kel-F GR 3000 
Module 

Teflon 
D/S 

L-449-6 
IS-53 
IS-63 
'Jiton-A 

I Z~!~~(UIC 

- - - - - - - - - - - 

"0" r ing,  s t a t i c  
Protective cover 
s e a l ,  e t a t i c  
Back-up r ing 
S t a t i c  
"0" r ing,  s t a t i c  
"0" r ing,  s t a t i c  
"0" r ing ,  s t a t i c  
"0" r ing,  s t a t i c  
Gaskct, s t a t i c  
Lubricant, s t a t i c  

585 Inters tage 
Uisconnects 

Teflon Seal ,  s t a t i c  
Dynamic during staging 

Viton. 4 "0" r ing ,  r e a l ,  s t a t i c  
Dynamic during staging 

kbytox-2rtuAC Lubricant, s t a t i c /  
Dynamic during staging 

3000 
vacuum 

vacuum 

vacuum 
vacuum 
Vacuum 
Vacuum 
vacuum 
Vocuum 

LCQ-330-017, 1500-2200 p s i s  oxygen 
blow-down; Parker System I n t e g r a t i  
Teat No. 7EXR5650072, 3000 p s i s  
oxygen. 

LCQ-330-034/~airchild H i l l e r  
Rcport ~ 0 . ~ ~ - 3 1 8 - 1 8 . 9 0 0  p s i a  oxyge 

i 
390 oxygen ! A l .  ah i s  m-025 Spacer 950 
Control Module Teflon Bsck-up r ing ,  s t a t i c  6.2 

A/S Viton-A "0" r ing ,  s t a t i c  950 
i Kel-F-81 Thread lock, s t a t i c /  950 

i 
!alve s e a t ,  dynamic 

ZZ-R-,165 0" r ing ,  r t a t i c  950 
Viton B Valve poppet, dynamic 950 
PLV 2000 Adhesive, s t a t i c  950 EVA 

6.2 cabin 
Molykote X-15 Dry f i lm lubricant ,  s t a t i c  950 
SE 565/~arox "0" r ing ,  e t a t i c  950 
Electrofilrn 1 C  JO Dry f i lm lubricant ,  s t a t i c  950 
Epon 8 / ~ a t  A A a e s i v e ,  a tat i .c  950 
Krytox 240 AC Lubricant, s t a t i c  950 

- ..,-- - 
* MSC COX Iripact bts. 50 i t - lh/ in2,  2000 psia COX, Amb Temp., 0/20 Reactlan 

NASA LTR PDg-~51-69-P~€-L1.54, Enclosure I., k y  6, 1969 



Spillage of IRlH fiPm the LM bat ter ies  could occur i n  tw different  forms; 

liquid o r  crystal.  lhe l iquid spillage would occur during pre-launch, w h i l e  

i n  the vacuum of space, the KOH would forn KO~/uater crystals.  

In the event of  a l iquid s p i l l  of the primary bat ter ies  in the aacent o r  descent 

stage, a variety of non-metallic and metallic mrterials and cornpollent8 could 

possibly came i n  contact w i t h  the KDH. me materials most likely to cane i n  

contact w i t h  the f lu id  are : 

o A l u m i n a  and t i t a n i u m  tanks 

o Anodize o r  alodine aluminum boxes and cold r a i l s  

o FEP/H-film wire harness 

o Silicone potting and harness clampa 

o IQmr/nylon solder splices and identification sleeving 

o Teflon-glass anti-chafe tape 

o Teflon-glass lacing cord 

o Pclyolef %n sieving 

o Aluminized H - f i l m  thenual blenlpet 

o Glass-nylon standoffs. 

%ble 4.5-1 presents KOH c q + , i b i l i t y  data f o r  a cross section of primarily 

different generic type non-metallic materials. lhese data indicate that a l l  

the materials and/or components a ~ e  campatible w i t h  the KOH liquid except the 

vapor-deposited aluminum on the themal  blankets . 'Ibe resul t s  of the spillage 
on the IN-3 b-ts indicated an 8-10 inch area in which tbe alminum ms 

dissolved during a 1-2 hour contact. However, the exposed layer of H-film 

prevented further at tack to the trnderneath layer. 

If a s p i l l  should occur during flight, the liquid on contact w i t h  the space 

vacuum would have the following imPediate effect. lhe mter in the KDH would 

start to vaporize causing a cooling ef fec t  on the liquid; (v.P. @OOc appmx- 

imstely 8 mn ~ g )  t h i s  would increase the concentration of KOR (saturated 

solution). lhis combination rauld cause the dihydrate (WH-ado) to crystal l ize 

out of solution and fonn a sol id phase in a satursted solution. Further cooling 

would pmduce a sol id mixture of dihydrates. 



It must be assumed that the crystals o r  particles fl-0~1 the solution could t o m  

in  eicther campoeition. In  the event that one or  more touch same uam compon- 

ents, it i s  reasonable to expect IAat the wter in the dihydrates, or saturated 

so l~ t ion ,  would boil  and/or vagorize, thus approaching the original KOH pellets. 

No colnpatibility problem vould be anticipated w i t h  unrm ccmponents and vapori- 

zing KOH psrticles, since contact muld be of short duration and the materials 

shoM i n  mblC 4.5-1 campetible 

No caupatibiliw problems a= believed to  exist during a pre-launch liquid s p i l l  

except for the vacuum-deposited aluminum on the thermal blankets. In addition, 

any bat*ry s p i l l  i n  space vacuum would form particles of either undissolve' 

solids i n  saturated solutions o r  complete =lid crysbl l ine  masses; neither of 

which present a compatibility problem. 





TABLE 4.5-1 (cont'd) 

PTTERY MATERIAW IDENTIFICATION AND KOH CCMPATIBILITY 

IM-3 T h e d  .Vapor deposited Aluminized 
Blanket I H- f i l m  

Aluminum 
Titanium 
Teflon 
Kynsr 
Silicones 
Epoxies 
P o l y o l ~ f i n  

FumARKS APPLICATICIN 

Alumfnum (1000-2000 ~ n g s  troms ) 
dissolved but H-film was resistant  

GENERIC MATERIAIS EXPOSED TO KOH SPLLIAGE 

Mild Etch 
No chemical iv2tack 

*Compatible 
*Compatible 
*Cornpat ib l e  
*Compatible ' MCompatlble 

f * Plast ic  Properties Chart, Modern Plastlce Ency, 1968-1969 
W 
V) 

Rayclad Tubes Inc. 



4.6 TYPES OF El[TERNAL MATERIALS IMMLGED BY OXIDIZE3 'IIAIJK COl?IWTS 

LM meterials external to the propulsion subsystems =re not selected for  

compatibility w i t h  the p r o p l l a n t  oxidizer ( ~ ~ 0 ~ ) .  How=r, i n  the absence 

of abnospheric moisture and i n  the presence of the space vacuum, available 

ccanpatibility reports indicate the prhry s t ruc turs l  mterials, aluminmum, 

stainless s tee l ,  titanium, nickel alloys, and low a l loy  steel a re  compatible. 

&ny non-metallic materials, however, a re  expected to hsve a very limited 

l i f e  capebil iw dependent on the N204 concentration and temperature on the 

Table 4.6-1. lists the primary exposed external LMIE e r i a l s  including 
time to f s i lu re  i n  liquid oxidizer, temperature at  which the faiyure 

occurs, and stage (ascent-descent) location. Vapor phase 1$04 exposue data 

on non-metallic materials is  limited and not available f o r  most materials 

l i s t e 2  i n  the table. Materials l i s t ed  in the table woultl pmbably be exposed 

to vapor i n  i i eu  of worst case l iquid exposure,and the t b b ?  to fa i lure  in an 

actual  mlssion would be considerably longer than that given i n  the Table 

4.6-1. Ikterials l i s t ed  -in the table which fail in  l e s s  than 24 hcurs, o r  f o r  

which - no data exists, have been. evaluated as follows : 

o Materials 1: ~ t e d  below are used in applications f o r  which wme N204 

degradation ahould not prevent an abort .: 
- Epon 934 fo r  wiring and batrumentation bod ing  

- Mystic 7402 tape tubing m p  

- Kingsley aluminum I D  tape 

- May-icing ink 

- Corfil  615 edging compound 

- Velvet 400 series  paint 

- DC 1410 silicone sleeve a n t i  chafe 

- Zbdge f ibe r  l ' ~ ~ / ~ l a s s  tape 

- Teflon 62 3 tap spacer 

- 'Ibrque s t r i p  paint 

o hteriel l i s t ed  below could be c r i t i c a l  to an abort i f  exposed to  

N2°4 - Silicone cable clamp wire support - degradation coulfi came wire 

chafing and subsequent shorting of wiring. 



- H - f i l m  pressure sensi t ive tgpe - degradation could cause blanket 

decay and loss  of thermal properties. 

- Epoxy f iberglass  laminate standoffs - fa i lu re  could cause l o s s  of 

the thermal insulat ion and micrometeoroid shields. 

- Nylon t i e  wraps and bases - fa i lu res  could cause excessive s t r a i n  

on the wire bundles and possible shorting. 

- Nylon Velcro - f a i l u r e  could cause insulat ion loss.  

- I Q n a r / ~ ~ l o n  solder and crimp wire spl ices  - f a i l u r e  of the nylon 

could cause c i r c u i t  fa i lure .  

- EZ 1663 potting - degradation could cause shorting conditions. 

- Epon 919 cabin pressure sealant - f a i l u r e  would cause cabin 

pressure loss.  

- ~ ~ l o r , / c o p ~ e r  terminal lugs - f a i l u r e  could cause loss  of grounding. 

The l i s t  of materials was compiled from photographs and vehicle inspection 

rather than a rigorous drawing review and should not be considered con- 

clusive. If N204 compatibility of exter ior  surfaces were t o  become a 

program requiremnt an additional review and subsequent t e s t ing  recomen- 

dations should be considered. It should be emphasized that  a massive s p i l l  

could be disastrous due t o  materials fa i lures .  The greates t  coilcern with 

a s p i l l  would be with a r e la t ive ly  s m a l l  l eak  which may go undetected f o r  

an extended period of time. 



E F F E C T  EXPOSURE ON EX'EFWAL LM MATERIAIJS 
OXID. EFFECTS 

USE 
0 

IM MTERIOR MATERIALS - FTEMP TIhE TO FAILWCEY 

STAGE 
ASCENT (A) 
DESrnNT (D) DOCUMENT 

L Super Insulation 

Stand- O f f  s 

7 Days 70 

1 How 60 

24 Hours 75 

24 Hours 75 

Cabin Sealant 

Bond Wiring & 
Instrumentation 

Kynar/Nylon Solt2er Splices 72 Hours 85 

72 Hours 80 

(2 Hours 85 

Satisfactory 8 hrs. 

Sat is factory 160 

1 Hour 80 

Wire Splices 

f 
6 Kymar/~vlon Crimp Splices Wire Splices 

Kynar/Nyl.on End Caps Wire Caps 

Wire Insulation 

Wire Chafe TFE Alpha Bmided Cable 

Silicone Cable  clam^, 
(NE 4661) 

Wire Support 

W s t i c  7402 Tape 1 Hour 80 

ND 

72 Hours 85 

Tubing Wrap 

Kingsley Aluminum ID Tape 

m a r  IG Slewes 

Information Tabels 

Identif'ication 
Sleeve 

IIgrking Inks  lack-~ed) 

Corfi l  - 615 

24 Hours ( ~ l e a c h e s )  80 

NR 60 

Marking 

Edging Compound 



TABLE 4.6-1 (conttd) 

Velvet 400 Series 

~c-J.663 

White Teflon Sheet 

C l s s r  FEP ( ~ e f l o n )  Sheet 

M3 1410 Silicone Sleeve 

Nylon 

Dodge Fiber mlTE/~lase 
m e  

Dod e Fiber Uneintered 
rn7Gl..e 

Black Shrink N t  
mlyolef i n  

I13E - 
Lacing Tape 

h i n t  

Eottlng Cocnpound 

Spacere 

Spacers 

Allti Chsfc 

Tie Wraps 6 Barer 

mID. E r n C T S  
TIME TO FAITAJM!+ 

Batisfactory 

Bleach 1 Hour 

Uneatir fsctory 

Jat irfactory 

Batiefactory 

( Dirrolver ) 
24 Hour8 

Die integrate8 
(24 HOUM) 

Anti Chafe ND 

Connector Protection NO 

Ineulation for Grounds 24 Noure 

Anti Chafe Ineulatior. Cracka 7 b y e  

0 F TEMP 

80 

80 

75 

75 

160 

80 

60 

I 

.. 

5 5 

75 

STAGE 
ASCENT (A) 
DESCENT (D) 







4.7 SYSTEM PRESSURe RISE THROUGH COMBUS!TIOB OF NOH-M3!llLLICS 

An analysis has been made to estimate the sys- pressure rise a s  a resul t  

of  a s tructural  single-point Asilurc and cambustion of the non-metallics 

exposed a s  a resul t  of that fai lure.  The following components were included 

i n  t h i s  analysis: temperature tmasducers, absolute pressure transducers, 

RCS solenoid valve, Propellant Quantity Gsuging System, and PlPpellant k v e l  

Detector. 

o LSC 360-605 - !kmperature !bmsducer 

- Assumption - APS Ullage Vo l .  l . O f t  3 

Expected Max. OP = l7psi 
- Assumption - DPS Ullage Vol. 0.94ft 3 

~ r p e c t e d  MX. OP = 18 ps i  

o LSC .360-624-~-2-Absolute Pressure Transducer 

- Assumption - DPS U l l a g e  Vol. 0.*t 3 

~ r p e c t e d  MX. OP = 6 pi 

- Assumption-ECS GOX Vol. 3ft  3 
Expected Elnx. OP = 2 psi  

o LSC 360-601 Absolute Pressure Transducer 

- Negligible press~jre r i s e  APS, DPS, RCS and ECS 

o LSC 360-624-1-31 Aksolute Pressure Transducer 

- Assumption - APS U l l a g e  Vol. l . O f t  3 
Expected hkx. OP = 6 psf 

o LSC 310-403 Solenoid Valve 

- Assumption - RCS Ullage Volume 125 i n  3 
Expected lhx. a E 0 . 5  psi 

o LSC 270-00009 Propellant Quantity Gauging System 

- Assumption - DPS Ullage Vol. 0.94 f t  3 
Estimated Msx. 4 P  = 79 ps i  for  Rulon A plus Wflon 

17 ps i  for  RTV - 20 
175 ps i  for stycast 1~ 

o LSC 270-801 propellant Ijevel Detector 

- Assumption - APS U l l a g e  Vol. 1.0 ft 3 

Estimated i-. OP = 36 Psi 

A l l  of the pressure increases are expected to be within system capability vith 

the exception of  the Propellant Quantity &@ng System (RGs) Thc RTV-20 and 

Epoxy require a s tructural  metal case fa i lure  to expose thcsc naterials tu the 



propellant whereas the Rulon A plus Teflon are exposed to the propellant 

a t  a l l  times. Combined pressure r i ses  for  a l l  the materials i n  the FQGS' 

coupled w i t h  tank operating pre --iu.e of 245 ps i  would be enough to exceed 

tank design ultimate of 405 pal.  Howver, with the possible exception of an 

exglosive r i s e  i n  p r e s s w ,  the tank r e l i e f  system would l imit  pressure r i se  

to 275 psi.  No nethods of obtaining such an explosive r i s e  a= kwm. 

'Ihe pressure r i s e  fran the PLD may be suff icient  to f a i l  the burst disc 

i n  the APS. Normal  operatlag pressure of t h i s  system is 190 p s i  with the 

r e l i e f  system opening a t  226-250 psi. 

Pressure r i s e  Awn the fa i lure  a d  canbust5on of DPS temperature transducer 

materials may be suff icient  to fail the burst disc i n  the DPS. Normal 

operating pressure of this system is 245 psi, w i t h  the relief system opening 

a t  260-275 psi.  

A l l  other items resulted i n  single pressure r i ses  l o w  e n o w  to be within 

normal system capabilities.  

An a d d i t + ~ n a l  analysis has been msde to estimate .the pressure rise i n  transducer 

chambers as a resul t  of combustion of  .the non-metallics located i n  the reference 

chamber. For the purposes of t h i s  analysis it is assumed tha t  there is m 
venting of the p s s e s  overboani through e lec t r i ca l  wiring potting o r  venting 

back into propulsion o r  GOX tank cavities. !he calculated pressure rise is 

considered to be a minimum since the reference chambers a lso  contain metallic 

i t e m s  such as wiring which occ'rlpy varying amounts of  the assumed reference 

chamber volume. 

o LSC 360-605 - Temperature Transducer 
3 -Assumption 0.5 i n  Ref. Chamber Volume 

Expected 6P = 59,000 psi  

c LSC 360-624-~~~-2  and -1-31 Absolute Pressure Transducer 
3 -Assumption 0.18 i n  Ref. Chamber Volume 

Expected aP = 55,000 ps i  

o I S C  270-00009 Pmpellant Quantity Gauging System 
3 -Assumption 14 i n  Ref. Chamber Volume 

Expected nP = 1970 pi for RTV-20 

2 C w  ps i  f a r  Stycast 1090 

0 LSC 270-801 Plppellant Level Detector 



- ~ s s m p t i o n  1 in3 ~ e f .  Chamber ~ o l -  

ibpc tcd  a~ = 62,000 psi 

o LSC 310-403 Solenoid Valve 

-Assumption 0.67 in3 Ref. Chamber Vol- 

Expected OP = 95 psi 
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4.9 DISCUSSION 

MSC  onme metallic materials control for flamability and toxicity is presently 

limited t o  the crew bay and the oxygen system. It would be desirable to  

implement an overall MSC criteria and control that would insure that a l l  
materials used throughout the spacecraft were evaluated uniformly for a l l  

physical and fbnct ional requirements. 



5. BURST '?EST HISTORY 

This section present8 a description of a l l  available burst t e s t  data for  

the IM .i, -eeaure vessels. A discussion is also presented on the LM battefies 

and pressure/temperature transducers that interisce with the IN pressure 

vessels. 

For the m s t  part, the only available burst data is  for  hyilrostatic fhilures. 

During develomnt and qualification testing, it is  n o m l  practice to conduct 

burst tes ts  hydrostatically instead of pneumatically, even though the tank 

m y  ultimately be used pneumstically. The prime consideretion of the burst 

t e s t  is to  demonstrate that design burst preeeure has been reached o r  exceeded; 

t h i s  can be demanstrated ei ther pneumatically o r  hydmstatically. Since there 

i s  always the possibiliQ t?at a tank may fa i l  prematurely, it is  desirable 

to conduct burst tests b&mstatically to faci l i ta te  a post-test fai lure 

anslysis i f  required. Secondary considerations are the fac i l i ty  limitations 

and danger i n  conducting pneumatic failure tests. 

Some pneuamtic tank ruptures have been experienced during the I&¶ p r o m .  In 

a l l  instacces, the fsilures were catastrophic in nature, w i t h  extreme fmg- 

mentation of the pressure vessels. 

lsble 5 .I-1 swnarizes the burst test data fo r  the W pressure vessels. For 

reference purposes, the overall certification t e s t  requirements for the press- 

vessels and associated components are sumarized i n  Table 5.1-2. 

I n  general, it i s  believed that if any of the IN press- vessels were to f a i l  

i n  f l ight  a t ,  o r  greater than, design burst pressure, the tank would explode 

and frae~aent. Less catastmphic failures could be expected if  aqy of the tanks 

were to f a i l  prematurely a t ,  or  near, normal operating pressure. Section 6 

presents a discussion of the anticipated fai lure modes and the resultant 

damage potential. 





--' . - -  . . . -----.--.------- - -----..--- --- . . . - - --- 

TAB1;E 5.1-1 ( continued) 

ADDITIONAL TEST DATA INFORMATION 

I n  production ecceptance test,  a tank 
fai led a t  3,000 PSIG (FA 1001); fa i lure  
was at tr ibuted t o  a crack i n  the tank 
material. Stress cmrosion created by 
3mnersion i n  0 durizg t e s t ing  and 
inspection met 2 ods had not 
detected crack. Inspection methods re- 
vised and H20 immersion rem~ved from t e s t  
procedure ( ~ e f .  p r a .  5.5.1 fo r  additiond 
discussion) 

---- 

PFESSURE VESSEL 

A3S He Tank 

RCS Propellent 
Tanks (oxid. & 
~ u e l )  

RCS He Tanks 

ECS D/S Oxygen 
Tank 

ECS A/S Oxygen 
Tanks 

r --.-: 

HYDRO 
or 

mUM 

H 
H 

H 

H: 

H 
I1 

H 

H 

H 

H 

H 
H 
H !  

--.- 

DESIGN 

PFESS. 
%IG 

52517 

375 

5250 

4500 

1500 

ACTUAL 

PlU%SS. PSIG 

5,740 
5,500 

QLTAL,Oxid 
767, 775 

QUAL, Fuel 
589, 622 

5 9 700 
5,800 

QUAL - 5400, 
5350 

DnC - 5400 
Overstress - 

5200, 5500 
Prod. Accept 

3000 

QU.4L - 2OlO - 2070 
DFT - 2180 - 2150 

. 

----- 
BURST 

T E ~  
OF 

160. . .. 

100 

130 

160 

160 

BURST 
" 

TEMP OF 

160 
160 

70 

70 

1 3 O  
130 

66 

66 

66, 74 

75' 
75 
160 
75 I 

I - . - - - - - . . . - . . . . - - - - - . - . - - - . - - - - . -  













Cert Tent E t v l r m a n t l  

ADDED TESTS 

Marquordt ULlO18l 





Table 5.1-7 ( c o n t l n l , e d )  
ECS - 

&Ed22 
Cart T@rt ~viramant8 

A D D D  

330-019 Aac. Ox. Tank Wyls U b s .  4-8'-66 (6-28-66 6-6-67 1 & Sub. X X X X X I Rearun Cycling 
idaaeoua) Report 47093 hnd Creep 

U C  330-3184 -1 

8-31-67 12-27-67 IN-1 & 

CrR T n T  
COlP 

P# U( LTI 
AAnm 

H E 
YLlWlR RR T g T  
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5.2.1 Descent Propellant Tsnk 

Three descent propellant tanks were hydrostatically tested to  burst; the 

t e s t  resul ts  a re  summarized in  Table 5.1-1. 

A tank was aubjected t o  &day compatibility test ing with N204 per MIL-P- 

26539A. When f i l l e d  w i t h  this f luid,  the conditions were 265 psig Cnternal 

pressure a t  a temperature of Y ~ F  to 110~~. Following this exposure f o r  

44 dam, the tank wes given one proof cycle to  360 psig with water followed 

by a burst test. The burst pressure was 440 psig and fa i lure  occurre; in 

the lower dome. 

An additional tank was cycled t o  fai lure.  It passed a proof test a t  360 psig 

(water) and was then subjected to pressure cycles f r o m  15 t o  310 psig f i l l e d  

with water. The tank ruptured during the 3384th cycle. h i l u r e  originated 

i n  the upper dome and propsgated through the cylindrical section. The temp- 

erature during the test was mintained between 95 '~  and 1 0 0 ~ ~ .  Minimum 

mission requirements fo r  th i s  tank are 400 cycles fram 0 to 270 psig. 

Tank 55 (S/N G-029)~ was fai led catastrophically during a helium leak test 

(~eference Figures 5.2-1 thm* 5.2-4)on 23 August 1966 . Pressure i n  the 

tank assembly was being increased fo r  the high pressure (270 peig) leak test. 

A prepsure of 180 psig had jus t  been recoriled when fa i lure  occurred. The 

fa i lure  occurred while the tank assembly was inside a helium collection chamber. 

?he tank shattered into many pieces and the helium collection chamber and 

adjacent equipment were severely tiamaged . RLe fail- investigation disclosed 

tha t  the fai lure originated i n  the 2 0 1 k ~ 6 5 1  aluminum cover. ?he cause of 

fa i lure  was stress comsion ,  possibly resulting from a 360 paig pmof t e s t  

rith dsmineralized water which the cover received thir teen days ear l ie r .  The 

corrective action was to substitute titanium covers f o r  the aluminum. No tanks 

-3 th  aluminum coyers have been, o r  are, used on f l igh t  vehicles. No fai lures 

' ~ v e  occurred w i t h  titanium covezs. 



IPank 31, (SIN ~ 0 0 9 ) ,  f'ailed cabstraphical ly cuing a hydmstatic proof t e s t  

a t  267 psig; appmximstely 74$ of the 360 psig proof pressure. The fracture, 

which originated i n  the upper dome s p l i t  the tank meridianally along a path 

appmximately 4 inches %m the tank axis.  A thorough llletallurgical investi- 

gation revealed tha t  the fai lure was due to  a localized microstructure 

abnormaBQ,r consisting of embrittled llrasaive alpha phase i n  the xpper dome. The 

true source of t h i s  massive alpha structure is uuknown, but it was present in 

the forging dyring the forging opemtion. Alpha inclusions of elis sor t  c-ot 

be detected by radiographic o r  ultrasonic inspection but muet be sc,,een by the 

tank proof pressure t e s t .  

5.2.2 Descent SHe 'ISnk 

One SIIe tank waa pneumatically testeii to actual  burst yressure; the t e s t  resul t s  

a re  presented i n  Table 5.1-1. ?he results  of a SHe tank burst can be seen i n  

Mgures 5.2-5 through 5.2-9. 

In  addition to the SHe tank burst test, one inner shel l  was pneumatically 

tested to burst during DVT testing. The shel l  burst a t  a pressure of 3910 psig 

a t  138'~. During the burst of the SHe *,I&, the primary and secondary burs', 

discs ruptured a t  1978 p . i g =  flelium temperature at time of rupture was 1kI0Fi. 

lsta indicate8 tha c seven SHe. tanks have im?loded. fai lures were a t t r i -  

buted to handling damwe. Three units h i l e d  dcz-ing external proof pressine 

screenir i  tests. The screening test prevents marginal unite from being instal led 

or. a f l igh t  vdhicle. These test reults are ~unmarized i n  % M e  5.2-1. 

5.2.3 Ambient Helium Star t  Tank - 
One DPS ambient helium start tank was hydrc~ ta t i ca l ly  tested to burst. Test 
resul t s  are sum~srized i n  %bLe 5.1-1. 
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A l l  IM battery containers have vent valve8 to  provide r e l i e f  while generating 

gas. The opening and closing preseures of the vent v a l e s  on the primary 

ba t te r ies  a r e  checked ju s t  before bat tery ins ta l la t ion  a t  BC. The vent valves 

of the pym bat te r ies  a re  checked as piece pcrrts ea r ly  i n  the mnnufscturing 

flow. However, the I24 mm, bat te r ies  do have t e a t  ports i n  the container 

which could be used t o  check the vent ?lve operation a t  KSC i n  the same urine? 

a s  the primsry ba t te r ies .  

The primary and ED battery containers have never been tested ;tor over-pressur- 

ization. Analysis ha8 shown that once the bat tery ha8 been omr-pressurized 

it w i l l  re l ieve (not rupture) through its ueakest point. For the primary 

bat ter ies ,  t h i s  is +he interface o l  the battery container and cover a t  the 

rubber gasket. 

The estimated pressure when permanent. yielding ;auld occur in the bat tery cover 

i s  36.3 psig maximum. bakage w i l l  occur a t  a press= well below 35 psig, since 

the vzriables such a s  O-ring and cover i r r egu la r i t i e s  along with case wall and 

bol t  tolerances were not taken into account i n  the calculations and all a c t  to 

lover the holding pressure of the container. This r e l i e f  metho$ v i i l  not be 

explosive and wl l l  not present a source of  shrapnel damE2ee, although KOH w i l l  

be spi l led.  

There have been two isolated incidents where inadvertent ED bat tery case ruptures 

have occurred. 'These ruptures occurmd during laboratory over-testing during 

which the vent r e l i e f  valves were sealed. I n  both cases them was internal  

pressure buildup and subsequent case rupture a t  the rear  corner seam of the 

battery. They were simple ruptures presenting no shrapnel e f fec ts .  

There are two Apcllo 13 a n ~ ~ n a l i e s  associeted with the descent ba t te r ies .  

a. Telemtl:- data show tha t  et 97 hours, 13 minutea and 56 seconds, 

bat tery 1 current curged t o  30 amperes, bat tery 2 current exceeded 6~ amperes, 

bat tery 3 surged t o  37 amperes and battery 4 surged t o  31 amperes. For a 



snort time follavirg t!ie glitch battery 2 cel-ried approximately 82 

percent of the load, h a d  sharing subsequently returmd to tf\e p#- 

gl i tch condition of 3 t o  k amperes per battery. A corresponding 

decrease in b-ass voltages vas experienced. A t  9 !?c.lrs, fk  &rr~tes 

and 42 se t cda ,  the 1.- rritk3ilLe ?:it% r e p r t e A  hearing a C?um.& a& 

seeing snow flakes frOe tfte desce%% stag-. 

b. A t  apptodaate-iy lS3 hours, a battery rss? f-asziti cn 'Ag3t 

illuminated with a mrrespondi-ng master a h .  9.e a c t i o n  vaa 

isolated to thr? number 2 by aboani t e s t i n g ,  'ike kttery malfunctisli 

l ight  extinguished uhen the battery was repcwd frcn the buss but 

illuminated inmediately vhen the battery vds recomected more &an m- 

hour Later. A zaaEmction liet idica*&s ei%her battery cvertespra- 

tame, oyercurrent, or reverse arrest. 

Test ani analyses am? being codueted tc detennire zhe causes an2 

relationships betueer, *&ese snrmalles. 



A l l  LSC 360605-303 W r s i o n  pmbe terpcmtum tmmducer8 are proof tested 

(collapse) to 2000 paia. Approximately 130 transducers haw been tested during 

the U( pmgnu wlth no leatagc failures. Iht design collapse pmssuh 

specification of 4000 psia has not been tested for  the -303 design. A similar 

unit (-301) of the same design, but 1.3 in. shorter, u%s tested to 8000 psi8 

during qua1 and 6600 peig durhg IlVT vlth no leakage. 

All absolute p s s u r e  transducers are pwof ksM a t  ambient tempem. 

Ihe proof-test am3 design burst p s a u r e  level8 a h  shorn i n  'lgble 5.7-1. 

Approximtcly 1000 units have been proof tested on tbe Ii4 progra~ vith 

n, leakage iBilums. Bouever, no burst psrssure tests have been peribmed for 

these tmmducers. A 350-psi l025series transducer, thst is s i r i l a r  to the 

LSC 36l-624 units, wrs tested to 13,000 psi  wiaout igilure. In addition, 

tnmducers sinilar to the ISC 360-601 series have k e n  burst tested by the 

vendor to levels in excess of 5 tires the rated mnge.  



Table 5.7-1 

Absolute Pressure Transducer 

Proof and Design Burst Pressure Sunmary 

I 
Desigri Burst Pressure * I 

1 

Transducer Proof 
Pressure Sensing Element ; Reference Chamber 

I 

t 
ISC 360-631-XXX-3 2x if < 1000 psia 5x i 2x or 5000 psia, 

or ! whichever is lower. 

rSC 360-601-XXX-2-1 1 . 5 ~  i f  > 1000 psia 

ISC 360-624-XXX-2 2x 5x 2x 

ISC 360-624-1-31 2x 5x 650 psia 

* IOTE: Proof and design burst pressure as  a function of t'de rated pressure range. 



This section presents the results of the analysis performed t o  evaluate the 

potential damage t o  a IM Fmm a ruptured pressure vessel. For th i s  study, 

it has been assumed that  a ruptured pressure vessel can f a i l  in one or  two 

ways: fragmentation or leakage; these fa i lure  modes are defined as follows: 

o Fragmentation - A pressure vessel rupture resulting i n  shrapr~el, 

pressure forces and fluid loss 

ouakage - A pressure vessel rupture resulting in pressure forces and 

fluid loss. 

For this study it has been assumed that  any IN tank that  fhgnents w i t h  a 'llRT 

potential > 0.1 l b  w i l l  result i n  the loss of the vehicle and/or crew due t o  

shrapnel and the close proximity of other pressure vessels, v i t s l  equiplaent, 

electrical  cables and/or plumbing. 

On the other hand, a leakage failure w i l l  result i n  no shrapnel, but w i l l  have 

the potential t o  damage the IM t o  a lesser extent frcm the hydrostatic/ 

pneumatic forces and the fluid corrosive effects. The pneumatic forces f m ~  

9 ruptured high-pressure tank could damage such IN structure as descent stage 

beam panels and t h e m  shielding. Jagged edges of a ruptured tank, even 

through s t i l l  attached t o  the tank, could sever electrical  cabling, or intro- 

duce a structural flaw i n  an adjacent pressure vessel o r  fluid line. The 

effects of spillage of the tank contents are discussed in  Section 4 for H204. 

Tables 6.1-1 and 6.1-2 sumnarize the gredicted failure modes for the IN 

pressure vessels as a flrnction of the following mission phases ; this assessment 

was based on the TXIT equivalemies presented in Para. 6.2 and fracture mechanics 

considerations. The tank cr i t i ca l  pressures l isted in  Thbles 6.1-1 and 6.1-2 are based 

on fracture mechanics calculations and are used to deternine the pressure below 

which the tank will leak a s  opposed to fragment upon failu2e a s  a result  of tank 

material flaws. It must be recognized, however, that m n t a t i o n  i8ilm of one 

tank may cause another tank to be penetrated with a suffPiciently large piece of 

metal t o  cause Arrgnentation of the second tanh. 'Ihis can occur even a t  pressures 

below which the tank would normally leak a s  a result of material flaws. 



Mission Ehsae No. 

1 

Mission Phase Event 

Iaunch 

Earth Orbit 

fi-anslunar mt 
Lunar Orbit to lbuchdown 

Lunar Surfbce Activity 

Lunar Ascent 

Llmer Orbit 

!&is section alao presents a discussion in Para. 6.4 of  the effects of  loss 

or degradation of the I24 the- blankets. 



PREDICTED FAILURF MODE AT MAX. OPERATROG PRESSURE PER MISSION PHASE 
- - - - - - - - - -  - --. _ __--. _- _ _ _ _  . . . - . - - 

MISSIO~ PHASE 

- . . . - - . 2 3 4 5 6 7 
I 

HELNM 
1242 PSI. F1 F1 F1 

F 2  R F2 
. . 

F2 lv F2 

F2 F2 

I 
F2 F 2  ; 52 

P I f -  
S 1 '18.7 PSI. . R 

OXIDIZER 
, ! ~ 8 . 7  PSI. I2 . 52 N/A . N/A . I I--*--------- -. ---2 . - .. ; . .  -- - -  . 

- ! :mm - . t 

: A ' 9 3 8 P S I .  . Fl i F1 F1 ! F1 F1 1 Fl F1 
. . 
, ; - -  -.-------. 3 -.-- 4 + ---a ----.- -+ ------.. . 

t FUEL i ! i t 
! = f E  i 1;2 172 PSI. i E? = I  ~1 ~1 : 
! 

i a---f 
OXIDIZER i ! 

172PSI. E? F2 F2 i = 52 ! F1 : F1 . 
i -- -+ ----- *- - -  --A 

t 

i E 1 1542 PSI. ' L L I, i L L 

[ - --, . . 1 
; ;G $g L :  L L L . L 

1 --- .--.--------- ---..- - -.-- ..- -.------,- 
M/A a / ~  

KEY: F1 - Fragmentation, TNT Equivalency 781 lb R - Fragmentation, THT Equivalency (-1 lb 
L - Leakage Only 



TABLE: 6.1-2 
PREDICTED FAIUIRE: MODE AT BURST PRESSURE PER MISSION PHASE 

-- .- 

s/ ' TANK/ 
7 

MISSION PHASE 1 S! GRIT. RES' . 2 3 4 5 6 7 

F1 

F2 

F2 

F2 

HELIUM 
1242 PSI .  F1 

, ! "B" i 
! 247.5 PSI. I F2 

- I '- 
ax1~12ER"i 

* 247.5 PSI. ' F2 

F1 

F 2  I 

F2 

F 2  i 

F1 

M 

F2 

F2 

F1 

F2 

F2 

F2 
;  OXIDIZER'^" I 1 
i p 4 7 . 5 ~ ~ 1 . ;  12 ~2 

F2 W 
I 

F1 1 H A  B A  I 
sis i q  t h L  re&, a L- i 
equivaency. J 

1 

,-- --- 
I 

1 

Fl 

F2 

F2 

F2 

I 

Vented 
I 

N/A I N/A i 
P ' FUEL 

'118.7~~1. $2 F2 

F1 

E"r 

F2 

F2 

F2 

F2 

I 

F2 / F2 

F2 

I I 
FliVented N/A i N/A 

F1 

I HELIU!: I ' A 938 PSI. F1 1 F1 Fl I F1 , F1 1 
I 

1 
P ! I I 

I F2 
I 

F1 1 F1 ' F1 1 
1 

OXIDIZER 
l?2 

[ 

F2 
A - i ~2 

r 
F1 F1 F1 I +.-- 

!E F2 F 2  i F2 
: 

F 2  F2 : 

A/S o (2) I : 1542 &I. F2 F2 1 IT i F2 F2 F2 q 

I 

I 

N/A i N/A : 
IS 
: 
/ 

A/S 4 0  1 

----- 
D/S 0 

I I 

1621 &I. , F1 F1 j F1 i i F1 
I 

F1 

390 =I. L 

b/s 
-- - . - - . - - . 

-3 243.' I. L ! I I -- - . . - - - -- - . . --. . - 
KEY: F1 - Fragmentat ion, TNP Equivalency > .l lb F2 Fragmentat ion, TNT ~ ~ u x v a l e n c ~  <.I lb 

L - Leakage Only. 

L L ! L L I L  L ! 

-0- 

! 

I L i . N/A 
1 

L ! ' L !  N/A f 



'I¶V'I' equivalency fir a l l  pressure vesmla have been derived for  .the major 

mission phases. me mFT vallxs, calculated f9r both taak muimum operating 

pressures and burst p r e s s w s  (limit pmssure), are presented i n  m b h s  6.2-1 

and 6.2-2, respectively. 

A constant temperature #rs assumed in calculating .the TNT values frcen the 

following equation : 

Where P = pressure (paf) 

v = gas mllmE! (cu. ft) 

$ = ra t io  of specific heats ( m s  only) 

Work - = rmT equivalency conl~rsion factor. 
l b  m 

The following data are presented to pmdde a comparative measure for the I24 

pressun vessel mTT equivalencies : 

Explosive Device 

Rifle Primer (or F'irecracker) 

.22 brig Rifle Cartridge 

.45 Pistol  Cartridge 

No. 8 Electric Blasting Cap 

.30 B a l l  Rifle CartriQe 

.50 M;! B p l l  MG Cartridge 

20 MM RE PEo jecti le 

MKII Fragmentation Hand Grenade 

One Stick (one lb) 100$ Gel.  Dynamite 

Antitank Mine 

I3 rmT Equiv. 

0 -000092 
0.000232 

0 .ow63 
0.00127 

0 .o0480 
o .OM 
0 a025 

0.125 

-1 

5 
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6.3 FAILURE MODE AM) EFFECT ANhLYSIS 

An FMEA was performed t o  identify those potential fai lures which might, as a 

secondary mode, result  i n  a catastrophic vehicle fai lure,  providing the f i r s t  

assumed tank fai lure is  survived. This assumption, that the crew i s  not in- 

jured, i s  based on the cryogenic SM oxygen tank fai lure experienced on 

Apollo 13. The results of t h i s  FMEA are sunmarized i n  Table 6.3-1; t h i s  table 

identif ies  only secondary items imnediately surrounding the fa i led  tank that  

would fiirther affect crew safety. The c r i t i ca l i ty  for  the first fa i lure  

(column 1 )  is  based on the loss  of f lu id  only. The phases of the mission, where 

the combination of a tank fai lure and the associated loss of an adjacent item is 

of concern, are indicated. The mission phases a= defined i n  Para. 6.1. 

The following paragraphs present discussions of the IM pressure vessels based 

on the results.  of t h i s  FMEA. 

6.3.1 DPS Propellant Tanks 

Loss of a l l  the consumables i n  any o r  all of these t a n b  w i l l  impair the 

safety of the crew i n  the non-abort stage zone only. An explosive rupture crf any 

of the propellant tanks direct ly result i n  loss of the crew due t o  shrapnel, 

or  cause a chain reaction explosion of the other tanks on the I24 which w o u l d  re- 

sult i n  the loss of the crew. The following discussion indicates the concern 

for  loss of items surrounding these tanks. The +Y o r  +Z propellant tank could 

affect the umbilical and/or E.D. wiring t o  the extent tha t  stRging would be 

impossible. Loso of ei ther  -4PS propellant tank would result i n  loss of the 

crew, assuming the fai lure occurred during powered descent. During any 
mission phase, there i s  a danger of hypergolic mixing i f  a propellant tank 

ruptures the complementary propellant =ifold. 

6.3.2 DPS Ambient He Tank, Descent GOX Tank and Supercritical Helim Tank 

Loss of any or  a l l  of the consumables i n  these tanks would not impair the 

safety of the crew. Explosive rupture of any Quad I11 tank may result  i n  

loss of crew by shrapnel from any or a l l  of the subject tanks o r  loss of any 

of the following i n  the non-abort stage zone: DPS oxidizer tank No. 1, DPS 

fue l  tank No. 1, DECA, and DPS engine. In addition, the de13cent fue l  and ox- 

idizer  l ines on the lower deck of Quad I11 or the RCS propellant l ines  above Quad 111, 



could be ruptured, resulting in  hypergo152 mixing, and/or %he staging cap- 

ab i l i ty  could be los t  if the ED l ines from both ED systems t o  an interstage 

f i t t i n g  are severed. 

6 -3.3 APS Propellant Tanks 

Loss of the consumable i n  e i ther  of these tanks is  a crew safety consider- 

ation fran lunar landing commitment t o  safe pericynthion orbi t .  Explosive 

rupture of ei ther  APS prc~pellant tank can cause loss of crew due t o  ahrapnel 

or  cabin puncture. An explosive rupture of &I APS propellant prior  t o  

lunar lariding commitment, may, i n  turn, cause explosive rupture of the DPS 

propellant tank direct ly beneath it, or  RCS tanks, and/or RCS f lu id  l ines.  

This could result  i n  loss of the crew due t o  shrapnel o r  hypergolic mixing. 

After safe pericynthion orbi t  there is  s t i l l  a concern for  an APS tank ex- 

plosive rupture due t o  shrapnel and possible propagation of RCS t6nk ( s )  ex- 

plosive rupture. 

6.3.4 RCS System snd A/S Water Tanks 

Loss of ei ther  one of the P.CS o r  4,/S H20 tank consumables w i l l  not cause 

loss of crew. An explosive rupture of any RCS tank or  A/S water tank may 

cause loss of crew due t o  secondary explosions of other nearby tanks (RCS 

and APs), shrapnel, or by cabin puncture when the crew is  not i n  the closed 

s u i t  loop mode. In addition, explosive rupture of any RCS tank can cause 

the loss of the redundant RCS system, thereby losing 

a l l  vehicle at t i tude control, or  cause ieaks i n  l ines and/or tanks containing 

the complementary propellant and result i n  hypergolic mixing. 

6.3.5 Descent Water Tank 

Loss of the descent water tank consumable w o u l d  not impair the safety of 

the crew. Loss of crew may result  -if shrapnel fromthis  tank punctures 

the cabin and the crew i s  not i n  the closed su i t  loop mod3 or damages the 

adjacent D/S propellant tanks or f luid Unes i n  the non-abort stage zone. 

6.3.6 A/S GOX and He Tanks 

Loss of a l l  A/S GOX tanks consumables w i l l  not cause loss of crew since i n  

+,he worst case, D/S GOX i s  used for  cabin pressurization and the opsls are 

available as  an additional supply. Loss of co.?sumables i n  any one of the 

He tanks w i l l  not cause loss of crew; however, a f ter  pressurization, a leak 



in any H e  tank w i l l  cause LWS of crew due to loss of all ascent He and 

loss of APS capbili%y. An explosive rupture of any A/S GOX or He tanh 

may result in  loss of crew fma shrapnel effects f'rm any or a l l  of these 

tsmks, cabin rupture when the crew is  not i n  the closed sui t  loop m&, o r  

damage to the wiring assemblies or fluid lines in the A f t  Equiprent B8y 

(i.e., loss of all electrical power, A!lXA loss resulting i n  the necessity 

of a hardaver direct ascent frm the lunar surface, loss of a l l  active 

coolant, or 1-5 of RCS coatrol lines). In addition, the loss of nearby 

RCS fUl an& -5dizer LInes caild result i n  hypergolic mi* or lead t o  loss 

or all RCS capability Cy depleting RCS coasmables. Fiaally, the staging 

capatiL5ty of IW c o d  be los t  i f  the EP electrical  l ines fra both ED 

systems to an interstgge Fitting are severed. 

6.3.7 D/S O X  and Water Tar& (ILI-10 and subsequent) 

Logs of any or all of the consmables in these tanks W d  oot impair 

safety of the cmw. Ex1,1osiw rugture of esther 81ad N tank may re su l t  

i~ loss o t' crew by shmpeel cr cabin puncture. Explosive rupture of these 

tanlcs may propagate explosion of +he DPS fuel  and oxidizer tanks, resulting 

in hyyergolic d x i q ,  or npturing of a descent propellant tank i m -  non- 

abort stage zone, resulting i n  descent engine shutdown. Finally, the stag- 

ing capability could be lost  i f  the ED e l e c t r i a l  iines * bath ED spAems 

to an inters+* f i t t ing rrre severed. 
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Table 6.3-1 - Sunanmy Table For Fragmentation Type Fccllure E f f ~ c t s  on the IS4 Vehtcl.3 (~ontld 

Remarks 
- --I 

- 
May cause chain react ion of 
high pressure tank bursts  and/ 
or  cabin r ~ p t u r e .  

C1.ose proximity t o  descent 
fue l  tank which has high TNT 
equivalent. 

Close proxixxlty of oxid. and 
fue l  l i n e s .  Rupture of both 
may cause explosion o r  f i r e .  

Close proximity of redundant 
systems. Dmage upstream of 
i so la t ion  valves. Loss of a l l  
RCS f u e l  o r  oxid. Loss of 
a t t i t ude  control  capability. 

I Close proximity of a11 tisrd- 
ware. Loss of' ATCA would cause 
lo s s  of DAF 4 AAP rnable.0nly 
d i r ec t  mode aval laole  f o r  
lunar asccnt.Lous of veh.power 
and/or cooling. 

Close proximity 60 cxid. tank. 
Rupture may cause an explosion 
o r  f i r e .  

Loss of a l l  A F 5  helium. Inabi l -  
i t y  t o  sustain ascent engine 
f i r i n g .  

3 

Tank mcl Functional 
Concern 

D/S Oxid. Tank ( - Z )  

Explosive rupture of 
t h i s  tank causes 
shutdown of descent 
engine. This f a i l -  
ure causes l o s s  of 
crew i n  non-abort 
stage zone only. 

Cr.i+y b210s?-on P!,c,sc-: Surrounding SaTety Maior Addi?,Pon., 
Hazard Equipment a1  Concern - L -.. 

X X X X  

X X X X  

X X X X  

L- 
-- 
X 

X 

X 

5 -. --.------* 2-j~- 6 . 7  --- =- -I---- 

1 
X 

SHe Tank or  GHe 
Tank or  GOX Tank 
or  Ascegt Helium 
Tank (2) .  

Descent Water 
Tank ( ~ u a d  #2). 

RCS Engine l i nes  
( ~ y s  .A&B) (oxid. 
and ~ u e l ) .  

Aft  Equip. Bay- 
?3quip/wiring/ 
G1.ycol Plumbing 

Fuel Manifold 
(~oetom -2 ~omp) 

Helium press .  
Module (2) APS 

X 

....... 

Explosive 
Rupture 

Exp1os.l ve 
Rupture 

Hypergolic 
mixing 

Loss cf  a t t i -  
tude control.  

Loss of 
function(s) 

Hypergolic 
mixing 

Gross external  
leak. 

. - -- d--., 

I 
- I 





Table 6.3-1 - S-my Table For Rcagnent,ntion Type FaLl-we Effects  on the UV: *Je::lcle ( ~ o n t  ' d )  



Table 6.3-1 - Sunrmary Table For XYagmentation Type Fai lure  Effec ts  on t h e  LM Vehicle ( ~ o n t ' d )  

Tank and Functional 
Concern - 

Descent Fuel Tank 
(-Y) 

L. 

Surrounding Safety 
Hazard Equipment 

Water Tank 
( ~ u a d  #2 ) 

APS Fuel Tank 
(-Y t ~ x i s )  

ED Nut and Bolt 
Comb. ( ~ u a d  #2). 

Major Addition, C,lt. mssion phase 
a1 Concern 

Explosive 
Rupture 

Primary explo- 
s ive  rupture.  

Staging 

X 

X X 

----.- 

X 

-. 

X X X X  

X 

X 

. 

A. 

X 

X 

4 

6 7 
Remerks 

Close proximity t o  descent 
oxid. tank which has high TNT 
equivalent. 

May cause c h d n  react ion of 
high pressure tank burs t s  and/ 
o r  cabin puncture. 

Close proximity of cables from 
redundant ED systems. Inabil- 
i t y  t o  s tage fehicle .  
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Table 6'.3-1 - Sunrmary Table For Fragmentation Type Fai lure  Effec ts  on t h e  ISvf Vehicle Gonttd) 

Tank and Functional 
Concern 

The following equip. 
a re  located i n  close 
proximity and are  
therefore t r ea t ed  as  
a group. 

RCS Fuel Tank Sys. A 
RCS Oxid Tank Sys. A 
RCS He Tank Sys. A 
Asc H20 Tank #1 

* 

. 

Surrounding Safety 
Hazard Equipment 

Any one o r  a l l  
tanks i n  t h i s  
area.  

RCS Fuel and Oxid. 
l i n e s  fo r  Quad 1 
or  Quad 2 

RCS C0nti.01 W i r -  
ing (oxid Tank 
only 1 
ED Nut-Bolt 
Combinat ion #2 

Wiring; EPS , INST. 
COMM. 

Cabin 

Major ~ d d i t i o n l  Cri 
I 

al Concern Remarks --- --- .- 

1 )  Explosive X r e s u l t  i n  chain react ion 
Rupture high pressure tank explo- 

ns and/or cabin rupture due 
t o  shrapnel. 

2j Hy-pergolic X se  proximity t o  fue l  tank. 
mixing Rupture may r e su l t  i n  explosion 

1 )  Loss of RCS 
capabi l i ty  

2)  Hypergolic 
mixing 

Loss of a t t i t -  
ude control 

Inab i l i t y  t o  
stage 

Tloss o f ,  vehicle 
power. 

Rapid decom- 
pression of 
cabin. 

>C )I X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o r  f i r e .  

Close proximity of redundant 
systems. Damage upstream of 
i so la t ion  valves can r e s u l t  i n  
l o s s  of a l l  f u e l  o r  oxid. Loss 
of a t t i t ude  control .  

Close proximity of f u e l  and 
Oxid. l i n e .  Rupture of both 
may r e s u l t  i n  an explosion o r  
f i r e .  

Close proximity of RCS wiring. 
Loss of RCS engines . loss  of 
a t t i t u d e  control.  

W i l l  not be able t o  stage the  
vehicle if the  nut/bolt  com- 
bination f5ring l i n e s  a r e  
severed. 

Loss cf environmental control  
and vehicle control .  

Loss of crew i f  they a re  not 
i n  the  closed s u i t  loop mode. 



Table 6.3-1 - Sumnary Table For Fragmentation Type Fai lure  Effec ts  on the  LIil Vehicle (Cont'd) 

Tank and Functional 
Concern 

The following equip. 
axe located in  close 
proximity i n  t he  
same area and axe 
therefore t r ea t ed  as 
a group. 

Ascent He 1 or 2 
Ascent GOX 1 or 2 ' 

F U n ~ t i ~ n a l l y ,  a sin- 
gle  Asc . Helium Tank 
rupture,  a f t e r  pres- 
sur iza t  ion, would 
r e su l t  i n  l o s s  of 
all helium thus,pre- 
eluding a lunar l i f t -  
o f f .  Pr ior  t o  pres- 
surization,loss of 
one tank w i l l  not 
r e s u l t  i n  l o s s  of 
crew since it can be 
isolated.  

mncti0nally9 loss 
of a s ingle  Asc. GOX 
Tank w i l l  nbt cause 
lo s s  of crew a t  any 
time i n  the  mission. 

- 
Surrounalng Saft+y 
Hazard Equipment 

Any one or  a l l  
tanks in  t h i s  bay. 

D/S Oxidizer Tank 
(-z> 

Fuel and Oxid. 
l i n e s  feeding RCS 
engine Quad 2 or  
3. 

Ascent He press .  ' 

Modules 

AFT E uip. Bay- 
Equlp$iringl 
Glycol Plumbing 

Major 
a l  Concern --.- 
1 )  Explosive 

Rupture 

Explosive 
Rupture 

Rapid decom- 
pression of 
cabin. 

Loss of RCS 
capabi l i ty .  

Hypergolic 
mixing 

Gross external  
leek. 

Electrical 
Shorting and/ 
or  opens. 

Remarks 

Rupture of  tank may d i r e c t l y  
in jure  crew by shrapnel and/or 
propagate explosion of other 
high pressure vessels .  

Same as  above 

Loss of c r e w  i f  t hey , a re  not 
i n  the closed s u i t  loop mode. 

Close proximity of redundant 
systems. Damage upstream of 
i so le t ion  valves would r e s u l t  
i n  propellant depletion from 
both RCS systems. 

Close proximity of oxid. and 
f u e l  l i n e s .  Rupture of both 
may r e s u l t  i n  explosion o r  
f i r e .  

Loss of AFS He flow. I n a b i l 3 . t ~  
t o  matntain AE f i r i ng .  

Close proximity of a l l  h a d -  
waxe. 5oss of any o r  a l l  of 
the f oilowing: Attitude Control, 
WH. power, Propulsion. Loss 
of ATCA would cause l o s s  of 
DAP and AAP enable. Only d i r ec t  
mode available f o r  lunar as- 
cent.  

.- 

X 

Y 

X 

-6--7--. 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

;,lissi_on 

X 

X X X X  

X 

X 

X 

X 

Phase 

X 

X 

X 

X 

X 

X 

--- 

X 

X 

WL>-- 
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X 

X 

I 
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Table 6;3-1 - Summary Table For Rragmentatlon T 3 ~ e  Fai lure  Effec ts  on t h e  LM Vehicle ( Cont'd ) 

-- 

Loss of crew i f  they a re  not 
i n  closed s u i t  loop mode. 

Close proximity of cables 
from redundant ED systems. In-  
a b i l i t y  t o  stage vehicle.  

Tank and Functional 
Concern 

Ascent Propulsion 

Surrounding Safety 
Hazard Equipnent 

Cabin 

Najor 
al Concern 4 2.b 
Rapid Decom- 
pression 

Staging 

----L-* 

Oxidizer Tank (+Y) 
( ~ o n t  ' d) 

G\ 

5 

I 
I 

I 
I 

ED ?Jut e.nd Bolt 
Comb. o r  UmSilical 
Cutter. 

I 

---- 

X 

I 

X X 
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Table 6.3-1 - Bumnary Table For Fragmentation Type F d l u r e  Effec ts  on the  LM Vehicle ( Contld ) 

Tank and Functional 
Concern 

Descent COX Tank 

If the  only f a i l u r e  
wss leakage of all 
COX i n  t h i s  tank it 
would have no e f f ec t  
on crew safety or  
any time i n  the mis- 
sion or  Descent 
Water Tank fquad 4 )  

' 

Surrounding Safety 
Hazard Equipmeni, 

Descent Water Tank 
No. 2 ( ~ u a d  #4) 
or GOX Tank ( ~ u a d  
4 

Ascent H20 Tank 

DPS Fuel o r  
~ a n k (  

ED Relay Box 
and Wiring o r  
Umbilical Cutter 

Major 
* 

al Concern '1 ' Remark a - 
Explosive 
rupture.  

Explosive 
rupture.  

Exploeive 
$)rupture 

Inadvertent 
cbble cu t t ing  
(Loss of a l l  
U! power). 

Umbilical Cutter Steging 
o r  ED Nut and 
Bolt Combination 
( ~ u a d  

Wiring Ele t r  i c a l  
Short a 

-- 

X X  

X 

.------ 

Close proximity of redundant 
ED wiring. 

Elet lBical  shorts  i n  an oxygen 
environment could r eau l t  i n  a 
f i r e  . 

A 

X X X X X  

X X X  

X X X X  

X  X  

-. . 
Close proximity t o  descent 
f u e l  o r  oxid tanks which huc 
high TNP equivalent. 

Close proximity to descent 
fue l  o r  oxid tanks which .has 
high TNI! equivalent. 

May cause chain react ion of 
high pressure tank burets  and/ 
o r  cabin rupture.  

See IXD-550-175B f o r  complete 
discussion of e f f ec t s  of in-  
advertent cable  cu t t ing .  It 
should be noted t h a t  i f  ti,? 

ED Relay Box were the  cause 
it would require  the  t r ans fe r  
of 3 re lays .  
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'Ihe b a s  of them1 blanket insulation vior to IW activation sD: -&e llesultsnt 

possibi l i ty of  hi& solar  heat inputs is of psrt icular  concern Lbr the suknptems 

listed below: 

o PlPpulsion Suboyatan 

o RMctio* Co- tml Subsystem 

0 EnvirPlpler?'&l Control Subsyata. 

This section p ; r r ~ t a  the result8 of an inwertigbtion of the theml pmblema 

aaaociakd with the IM tanka, if the t h e m  insulation shauld be o r  

remved. -ratare and pze8su-m respo- o f  the +mln are presented w i t h  

m n t s  on the possible caw of insulation damqp. 

'Ibe fbllovlng basic areas w t h  analyzed: 

o Dctenlne vhich tanka could explode d w  tranalumr c a t  due t o  loss 

o f  theml shielding 

o gslrrrbe the potential o f  losing the theml  shield i n  such a 7ay tha t  

the crew muld be umt- o f  the lose (I24 not powend up) ima such 

= U S  88: 

-PmpeUant s p i l l  

-m vitwmy~l 

-cm RCS w m n t  

-launch 

o Evaluate whether haxd- o r  ~ u p e s  should be changed as a resu l t  
of  the above studies. 

A simplified analysis of each of the IM tanks wrs periorard assumbg that tbe 

blankets am3 shielding surrounding the we* riasing, Fig- 6.4-1, exposing 

each tank to d i h c t  solar ecergy and cold deep splce. Figure 6.4-2 phsen t s  the 

configuration assuaed f o r  the APS and IES propellant tanks. 'IBble 6.4-1 indicates 

the pmperties ass- m d  nodal ac twrk  wed fbr each csse. Rote, the solar 

absorptivity hrur ncmr becn armwed on any of the IX banks, therefom the values 

were taken irop the l i - - c r a m  o r  =re aosCCI. lb obtain the them1 response of 

a tank, the analysis a s s W  that the mlar vector irapinges direct ly on a tank 

fir 4 b o w  fb lbved by 4 hours of deep spsce cooling. 'Iht IH Prsranrl Iksw 



Mission l imi t s  the vehicle a t t i t ude  hold periods during tranalunar coast to  

3 hours. Figuhs 6.4-3 through 6 .k12  indicate the temperature and pressure 

response o f  the tank skin, gas and bulk f luid f o r  each pressure vessel. The 

descent stage mter tank wrs excluded fmm this study because o f  the presence 

of  a 25-layer insulation blnaket wrspped around the t-a. 

6.4.2 Fbtcnt ial  Ipss o f  Thermal Shielding 

'Ihe thermal shielding is lsade up o f  m m y  iodividual bbwkets that are inter- 

connected vith "drugstore" naps. !herefon!, it is not possible to  bse the 

thermal protection f'mm aqy single area, such as a descent stage quadrsnt, 

thmugh loss of  a single penel. The most liJcely damage mode, if  any, wula 
be f o r  a "drugstore" vnsp to open. In  addition, since the blaakets are made 

up of  milti-layered material, it is possible to ge t  tears i n  the outer  layers 

vithout s ign i i ican t ly  degrading the thermal protection. A l l  the thenml shield- 

ing is inspected during the prc-launch SLA activ?.ties,ad a fioal inspection 

is  made jus t  p r ior  to SLA close-out. Because of t h i s  t h e m 1  b lmke t  configur- 

a t ion  and these pmcedures, it is mt  a m l i s t i c  poss ib i l i ty  tbat s ignif icant  

a m a s  could be lost o r  degraded during the launch-and-boost o r  transposition- 

and-docking phases. 

6.4.2.1 Propellant S p i l l  

I24 t h e m 1  blRnlrets would be permanently damaged if propellant ( l iquid o r  vapor) 

sp i l led  on them. ?he blnnket fail= consists o f  two modes: 

o The aluminum is removed fram the H-film (o r  mylar) substrate  layer, thus 

erposing a t r a n s p a r e ~ t  high emittance layer  

o 'ihe blmket  layers adhere to one another rind the sultilayer M i a t i o n  

bar r ie r  beromcs a single conductive layer which acts as a thermal short. 

A f a i l u re  due to propellant s p i l l  i n  areas w i t h  H-film aa the external  shield 

(descent stage) w u l d  be as severe a s  losing the cunplete thermal shielding, 

because of  the "greenhouse efYectsW of  the transparent blankets.' 

Solar energy muld be trsnsmitted d i r ec t ly  thmw the blanket in to  the tank, 

while the remaining blanket would be an  in- shield to cold deep space. 'lhose 

areas of  the LM uhich do not have H-film as the outer blanket would not be 

as severely affected because +bere wuld be no "greenhouse eff'ect". 



It I s  geometrically impossible to damage the primary descent stage t h e m 1  

blankets duriag SIA withdraml. However, it is possible to catch and tear  

insulation fram the landing gear l o w r  outriggers, i f  the SIA vithdrawrl angles 

are exceeded. Fbi lure  of t h i s  n a t m  is not c r i t i c a l  for  the tanks, but the 

landing gear would k afftcted during powred descent (F.u.T. heating); the 

lower outrigger c r i t i c a l  temperature is +300O~. 

6.4.2.3 RCS Impingement 

RCS plme impingement is a design coneiderstion fbr the t h e m 1  blanhets. 

! T k  present IN design c r i b r i a  are sunmrrieed below: 

Engine Conflgurrr ti03 
SH RCS CSM/SIVB (Seperated) 

(~ocked) 

I24 RCS Stbged and Unstaged 

(UP Firing) 

IM RCS Stsged 

(Down Firing) Unstaged 

Time-sec Duty Cycle $ 
5 100 

7 100 

30 100 

If the design cambi l i ty  is exceeded, the themal blanket effectiveness w i l l  be 

degraded. Ihe degradation, however, wi l l  never be a s  severe as completely losing 

the thermal shielding. 

6.4.2.4 Iaunch Vibration 

!be thermal shielding is not c r i t i c a l  for  the launch shock and vibration loads. 

This wrs demonstrated during the LTA-3 launch test of Quad I. 

The thermal shielding could be damaged from a tank f 8 r l ~  o r  rupture of the descent 

stage GOX knk burst disc. If th i s  o c c m d ,  the internal camponents wuld be 

expos.-d to space and possibly d i m c t  sunlight. Ihis  represents the most c r i t i c a l  

failure mode of the t - e n m l  blankets, and could lead to solar heating as  discussed 

i n  mra. 6.4.1. 

6.4.2.6 T h e m 1  Shielding Vents 

The table be1 IV eummrizeq l 2 e  IM venting configurstion for  the ascent and descent 



stages. Ihe a ~ ( l i m i t )  is the pressure d i f f e r en t i a l  design point f o r  boos? 

venting, and the O ~ ( u 1 t i m a t e )  is the preesure dif 'ferential  that w i l l  cause 

insulation damage. 

Total No. of Vents 

Available Vent A r e a  - sq. in. 

J P ( l imi t )  - ps i s  

a P (ultimate) - psia  

Vent Area ( l imi t )  - psia 

Vent Area (ultimste) - sq. in.  

No. of Vents 'Ihat Must Be b s t  
Tb Reach Limi t  

No. 9 f  Vents That Muat Be b s t  
To Ihmge Insulation 

LM-10 D/S 

3 large! & 4 mall 

154 

.02 

003 

105 

82.5 

1 large or 2 small 

2 large o r  3 -11 

The IM-8 and IM-10 venting requirements f ~ r  the descent stage a m  both presented 

because of the IN-10 design modifications. Expressed as precentages , the following 

vent areas m u s t  be inoperative before insulation damage occurs: 

o IM-8 Descent Stage - 37.5$ of total vent area 

o -10 Descent Stage - 344 of total vent area 

o W-8 & -10 Ascent Stage - 27$ of total vent area.  

6.4.7 'Isnk Fracture Mechanics 

Figures 6.4-13 through 6.4-21 show the degradation i n  pressure capabili ty a s  

tanks a re  heated after thermal b l a n b t  loss.  Each curve is a stress/pressure 

versus tmpemture  p lo t  showing material  strength degradation. A l* factor- - 
of-safety curve is a lso  presented. !his Bctor-of-safety curve shows the 

:tress/pressure not to be exceeded by design when preeauriziw the tank. Super- 

imposed on this gmph is a p lo t  of  the increase in  pressure that w ~ l d  occur 

during a 4-hour a t t i t ude  hold w i t h  the thermal blanket degraded a s  described 

i n  Para. 6.4.1. It should be noted that f o r  a given propellant tank the highest 

pressum wss used (oxidizer o r  fuel) .  'Isble 6.L2 eunrmerizes those a t t l tude-  

hold times, l e s s  than 4 hr ,  required to  increase the stress/pressure i n  the 



pressure vessels iran lqOP to MDOP (ihctor of safety = 1.5) and lqOP to design 

burst pressure (factor of safety = 1.0). 

Fbtentie'. Changes 

Ihe following pracedural and hard-re changes would reduce the c r i t i c a l i t y  of 

the Loss o r  degradation of the IM thermal a te ld ing :  

o Visually inspect the IM during transposition and docking to ensure 

tha t  a l l  IM t h e m l  shielding is in place 

o &nitor IM telemetry during translunar coast; presently no I&¶ 

measuraaents are  available during umanned mission phases 

o Meas- solar  absorptivity of a l l  pressure vessels to accurately 

pmdict the t h e m l  re8pome of the l.nnkn 

o Insulate a l l  tanks with a layer of H-film; this w i l l  significantly 

reduce the amount of solar energy that  can be absorbed by each tank 

i n  dlrect  sunlight; a single layer w i l l  not adversely ?Ffect the 

vehicle thermal retuork. 
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D/S Heliwn 

D/S GOX 

A/S H20 

A/S He 

RCS Ox 

RCS He 

A/S GOX 

D/S Fuel 

A/S Fuel 

'rsble 6.4-2 

Pressure Eiise Yimes h.aar Solsr Heating 

Time (Hre.) Rmn 
NDP to MDOP ( m 1 . 5 )  

T i m  (Hrs.) From 

EDP to Buret (E'S1) 



SIRU- t3 7 5 0 ~  
( constant) 



Figure 6.4-2 
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TEMPERATURE 
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OF 

TIME N HOURS 

FIGURE 6.4-3. DPS HELIUM TANK 
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OF 

FIGURE 6.4-4. DESCENT O2 TANK 
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40 - 
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I I I I I 1 I 

FIGURE 6.4-5. SUPERCRITICAL HELIUM TANK 
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NOTE: CONTINUOUS SUN HOLD CYCLES 
WILL CAUSE GREATER PEAK 
TEMPERATURES AND PRESSURES 
IN EACH SUCCESSIVE CYCLE 

5 3 r  

52 - 
51 - 

PRESSURE 
Y 

PSIA 

4 9 

48 - 
47 - 

TEMPERATURE 
N 

OF 

T GAS 

TIME ..r I-1RS 

FIGURE 6.4-6. ECS ASCENT H20 TANK 
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FIGURE 6.4-7. APS HELIUM TANK 
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FIGURE 6.4-8, RCS PROPELLANT TANKS 
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FIGURE 6.4-9. RCS HELIUM TANKS 



PRESSURE 

850 - 

TIME -L HOURS 

0 l I I I I I I I I 
0 I 2 3 4 5 6 7 8 

TIME -HOURS 

FIGURE 6.4-10. ASCENT O2 TANK 
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FIGURE 6.4-12. APS PROPELLANT TANKS 
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7 SUMMAW AND CONCLUSIONS 

The objectives of t h i s  study were to: 

o Identify a l l  possible f a i l u r e  modes i n  the LM tha t  could lead 

. t o  rupture of any pressure vessel 

o Determine the likelihood of such a f a i l u r e  

o Evaluate the damage potential  of such a fa i lu re ,  assuming it 

did occur 

Emphasis was placed on the f a i l u r e  mode tha t  i s  thought t o  have occurred 

i n  the SM on the Apollo 13 mission; tha t  is, the presence of an ignit ion 

source (e.g., e l e c t r i c a l  short c i rcu i t )  near a nonmetallic material i n  

an environment tha t  could support combustion. This could then resu l t  i n  

a pressure vessel Zeilure (e i the r  explosive o r  non-explosive ) . 

Principal  conclusions of the study a re  as follows: 

a. None of the e l e c t r i c a l  components investigated consti tute igni t ion 

sources i n  t he i r  normal operating modes. OrJy the PQGS normally exposes 

e l e c t r i c a l  devices d i rec t ly  t o  the pressurized f lu id .  After thorough 

analysis it is  concluded t ha t  adequate c i r cu i t  gtrotection i s  provided t o  

preclude ignit ion.  Tests should be conducted t o  ver i fy  the analysis. 

b. The study a lso  lncluded an investigation of the possible e f fec t s  

of a single point f a i lu re  tha t  could expose in ternal  nonmetallic material 

and e l ec t r i c a l  components t o  the f l u id  environment. 

With respect t o  materials compatibility, it i s  concluded t ha t  

materials i n  all components, operating i n  t he i r  normal modes, are 

compatible with t he i r  respective f l u id  environments. For the single 

poi.7t f a i l ~ z  modes, there are instances where in ternal  s t ructura l  

f a i lu res  can expose non-cmpatible materials t o  the f l u id  environment. 

!I312 p.ima;y source of such an occurrence i s  i n  transducers. However, 

records have shown tha t  such a fa i lu re  mode has never occurred on the LM 

program i n  any of the transducel*~ used i n  the oxygen and propellant systems. 



I n  the O2 sys.tem mechanical component fa i lu res  can expose materials t o  

environments f o r  which they are  untested. Structural  f a i lu res  must occur 

before the c i rcu i t s  and mate?ials can be exposed t o  the f lu ids .  The 

theoretical  fac tor  of safety f o r  these devices i s  f ive  or greater. They 

are leak tested a t  1.5 times the  maximum design operating pressure which 

i s  more severe than any other pressure containers. The single point 

fa i lures .not  only exposed non-compatible materials, but also exposer: them 

i n  areas that  contained e l ec t r i c a l  components. A short c i r cu i t  could then 

be theorized t o  r e ~ r e s e n t  a potent ia l  igni t ion source. However, analysis 

indicates all of these e l e c t r i c a l  c i rcu i t s  have adequate c i r cu i t  protection 

devices t h s t  w i l l  discontinue e l ec t r i c a l  power befare igni t ion can occur. 

Tests should be conducted t o  verify this conclusion. 

c. Based on a l i t e r a tu r e  search on the subjects of the capabil i ty 

of oxidizer or  f ue l  t o  support combustion of the various nonmetallic 

materials ?t elevated temperatures, and impact sens i t iv i ty  of CiR, EPR, 

and Butyl rubber i n  oxidizer or  fuel ,  it i s  concl~ded that  no substantive 

data are available on e i the r  subject. Neither combustit\n nor impact 

problems have been encountered i n  the past. Tests should be conducted t o  

resolve these questions. 

d. I f  ignit ion and combustion i n  such devices could occur, the 

combustion of nonmetal3.i~ materials exposed by a single-point f a i l u r e  

would increase the loca l  pressure suff ic ient ly  t o  rupture the individual 

component. This assuaes that  the i n i t i a l  single-point f a i lu re  l eak  path 

i s  ncjt large enough t o  allow expansion in to  the t o t a l  systerr, &en i f  

the pressure Lncrease could expand i n to  the t o t a l  system, the resul tant  

system pressure could be i n  excess of burst  d isc  level.  

e. Based on a revicw of tinc normal ~ p e r a t i n g  mcjdes of the various 

high-pressure system, i t  i s  concluded that  the LM pressure vessels are 

protected with adequate redundancy against f a i lu res  of such mechanical 

components HS pressure regulators, check vhlves, r e l i e f  valves and burst  

discs. In  addition, a l l  of Vne high pressure systems i n  the LM are 

designed with adequate s t ructura l  fac tors  of safety. 



f. Since there are no electrical components i n  the IX pressure 

vessel systems that intentionally, 3r can accidently, increase tank 

pressures sfgnificantly, the only real is t ic  failure mechanism would appear 

to be the loss or degradation of thermal blanlnets. Such a failure could 

eqose  the tanks t o  direct solar heating. Houever, analysis has shown 

that relatively short periods of attitude hold are required (e.g., 5 2  hours) 

t o  obtain a hazardow pressure and temperatun? increase i n  the gaseous H e  

tanks. All other tanks remain vithin desaw limits for attitude hold 

periods up 4 hours. Wrapping of the gaseous H e  tanks w i t h  H-film muld 

reduce the abs-%ion of solar energy such that attitude holds of a t  least  

4 how; muld be pennissable. If the Uf =re -, then such a failure 

muld 'oe detected ac2 corrective action could be WE. The period of most 

concern i s  translunar coast, when the LW is  unmanned ard unmonitored. 

K?wsver, a p a s s i ~ i  t h e m  control mode (slov rotation) is  normally 

eqiloyed during this missioa phase a c h  ~ e s l r l t s  i n  a l k r n a t e  intemals 

of solar heating m d  deep space cooling. Extended atti tuds holds me 

possihle during t h i s  phase. The IM specification requires the 

vehicle t o  be capable of continuous attitude holds up 4% 3 hsurs duration. 

!be m b a b i l i t y  of un6~tected the-mml 318-t loss has been hvesti- 

gated, resulting i n  the ccmclusicm that loss or ciegredation of significant 

blanket area i s  not a real is t ic  possibility i n  view of the fastenbg 

techniques and forces a v a i l i ~ l e  during the various missf on phases (e. g., 

launch and boost, SLA depl-nt and e jectian) . 
g. An oxygen leak an IM exterior materials is not consitkred t o  be a 

problem, since the insulatim blankets atsd micronneteoroid shield w i l l  only 

mainkin a pressure of less  than 0.1 psi  without rupturing. Combustion 

would not be supported a t  sirch a low mssure. 

h. The entire IH has not been des-ed t o  be com'patible with X204 or 

A-50. i f  an ofidizer or A-50 tack were W leak or s p i l l  i ts  contents, nany 

noa-cmpatible materiais would be eqcsed. The IM i s  leak checlced before 

a mission t o  an extmmly tight specification; therefore, tankage leaks 

should not erlst for  a normal mission. 



i. The study of KDB spillage concluded that only aluminur? af the 

metallic materials has sham a tendency to  corrode. B e  space environment 

should pmclude eventhe a l d n m  =action, because of repid vaporization 

of the vahr from +he electmlyte its subsequent f'reezing. One 

possible area of cmcern is the frac+,ure zechzmics stress cixrosion effects 

of a KDH sp i l l  on a highly stressed pressure vessel, such as a gaseous 

heliwn bottle. 30 Lnfannation i s  eva i ld le  on &is subJect. Addition of 

an B-film m&p around the tank n 8 d d  preclude this possibility. 

cannot be spi l led Ira any af ';he Id4 batkeries even i f  the 

case vents do cot function properly, *cless  there is an a c c c ~ y i 0 1 g  

electr ical  fa52.u~. The IN batteries sil have vent valves to relieve 

product gases. If t k  vent values were to Sail ,  the yrlmeary batteries 

wuld relieve through the gasket cover k*ereas the pyro battery cases 

would ssi t .  ia either case there is l i t t l e  possibility of an explosive 

battery case rupture. The primary battery vent valves are operationally 

ch2cked just prior to  vehicle installation. A similar check should be 

made on the pyre batteries. There are no data an the burst characteristics 

sf the battzries. mese data should be obtained. 

j. Tie >pollo 13 ammalies associzted with t3e descent bs+,teries 

e being i m s t i g a t e d  and reported t h r w  noma1 postflight procedums. 

=ese aoaalies arz -s.m-esolverl at. this tine. 

k. It is i q r a c t i c a l  t o  protect the T3i a g ~ i n s t  a %mectary failum. 



Based on the resul ts  of the I24 systems evaluation s m e r i z e d  i n  Sectioc 2 

through 6 and the conclusions presented i n  -Section 7, the fo l lo~5ng 

recommendations are s%bmit+&d for  consideration: 

o Additional study sheui.3. be given t o  wrapping of the gaseous 

helium tanks wit!? a single layer of H - f i l m  to preclsde KOH 

attack and reduce the effects  of di,-ect solar heating 

o The pyro Sattery activation procedure should be modified to  

include vent valve checkout 

o Burst tests of ail Lat.teries should be conducted 

o The req; t i~ment  fo r  the APS PLil's should be investigated further, 

the units should be removed o r  i ne rkd  i f  found t o  be 

umecessary 

o Additional nate&ils testing should be conducted i n  those areas 

where a general lack of engineering data bas been discovered. 

Specifically, the following t e s t s  should be conducted: 

a. GO): inpact, t e s t s  of a l l  X4 32 system impact applications 

inelailing consideration of single point failures.  

b. Conbustion and ignition tests of appropria4& I24 materials 

i n  N 0. and A-50 to  verify analytical conclusions of study. 
2 L 

c. linlin~ct tests of a l l  nonmetallic lsaterials i n  I24 N204 and 

A-50 impact applications .. 

d. Conduct present standard 0, f lash and fire test a t  
L 

elevated pressures t o  verify the applicability of existing 

ambient data. 

o Present materials controls should be broadened to  assure MSC 

surveillance of a l l  materials requirements and applications i n  

a l l  areas of the spacecraft. 

o Intentional f a d t  t es t s  should be conducted i n  a l l  spacecraft 

components where combustion is  -mssible t o  assure adequate design 

margins and c i rcu i t  pro4xction. 


