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The success of t h e  Saturn S-IV Stage i n  
f l i g h t  and gr0ur.d operaticns,  t o  t h i s  time, i s  
m excel lent  demonstration of t h e  ef fec t iveness  
of t h e  connectors einployed i n  i t s  propulsion 
systems. 

There a r e  r e l a t i v e l y  f eu  people who ever 
g ive  more tnan  a passing thought t o  the  f l u i d  
l i n e  ccnnectors used i n  t h e  s tage  in s t a l l a t ions .  
To these  r e l a t i v e  few, however, t h e  s igni f icance  
of t h e  proper perfomarnce of these  connectors 
i s  not  ldst. 

Bow e f f e c t i v e  were these  connectors? What 
type of connectors were they m d  who made them? 
iiow were they c-raaatec? end selected? What vere  
t h e  c r i t e r i a  f o r  t h e i r  performance? How were 
they assembled and t e s t ed?  

These a r e  only a few of t h e  questions gezer- 
aced by t h i s  subzect. This paper attempts t o  
answer some of t he  more important ones i n  a ,  
k~per'krily, i n t e r e s t i n g  and informative way. 

TPX P:JRPOSE OF THIS PAPER i s  t o  present  infor-  
~s . t i on ,  i n  t h e  area  of separzible ccnnectors as 
thzy per ta in  t o  the  Saturn S-IV Prograni. We 
propose to  delve i n t o  t h e  philosophies, con- 
s t r a i n t s  and u l t imate  decisions of design; mtlld 
t h e  problems, methods, and p rac t i ces  of manu- 
Pacturing. We sha11 review t h e  i n s t a l l a t i o n  
process and attempt t o  proSe i n t o  a l l  i t s  as- 
pects ;  and f i n a l l y ,  we s h a l l  summarize and 
~ m l y z e  t h e  checkout of t h e  systens of the sea- 
=ate  stages.  It is only within t h e  ~ a t r i x ,  we 
bel ieve ,  t h a t  a t o t a l  e v d u a t i o n  of t he  effec- 
t iveness  of t h e  connectors, a s  they were employed 
i :~ t h e  S-IV s t age ,  can be made. 

I t  i s  hoped t h a t  t h i s  paper w i l l  focus most 
ox' zhe var iables  of t i l i s  os tens ib ly  s inp le  tech- 
n ice1  a r e a  i n t o  a corsprehensive and -sell defined 
source 3f information f o r  tine f l u i d  l i n e  ccnnec- 
t o r  f i e l d .  be oesticulcr?ly wish t o  empha:;izc 
the-; the process necessary t o  bring t h e  drawing 
board concept i n t o  a hard-v&xc r e a l i t y  is d i f f i -  
c ~ l t ,  expensive .and a t  t i n e s ,  qu i t e  f lx s t r a t ing .  
?o interject some s z r i o ? . ~ ~  %axor, "!L?lere has never 
rreen a 1e.a.k i n  any or" t h e  various connectors of 
a piping i n s t e l l a t i o n  -- on t h e  draving board!" 

Assmptions t h a t  h&rdwa'e w i l l  o r  ccu: be 
b u i l t  exactly t o  t h e  speci f ica t ions  en3 stan- 
dards s e t  fo r th  i n  draxings ax6 t h e i r  associated 
docments sometimes are fa l lac ious .  ??lc accu- 
racy an& a ~ p r o p ~ i a t e ~ r - s  of soroe speci f ica t ions  
and s tanlards  a r e  a l s o  so;aetimes cpen t o  questton. 
C r i t e r i a  t h a t  must govern the  imposition of spec- 
i f i c a t i o n s  and standards iwe a s  foll.ows: 

i. Are the  speci f ica t ions  and standarcs 
capable of being net? 

2. Vnat laechanisras w Q . 1  v e r i f y  conpliance? 
Neglect of these  c r i t e r i a  cun r e s u l t  i n  a 

profusion of probiexxs and ~:'.il:r 11111 designers and 
engineers i n t o  a f a l s e  sense of secur i ty .  

'&sign. conclusi.ons and dcriisionr; based on 
1aborztcc.r t.es-t r e s u l t s  and one-shot prototype 
sxudies nus t  be tempessd witil good juiignent o r  
expensive penal t ies  v i l l  r e s u l t ,  It mst con- 
s t -a ' t ly  be kept  i n  minii that huiian beizgr; of 
:%rious dejrifes of' sk i l l .  srrri. knawled.ga a re  in- 
voiveri i n  t?,e t o t a l  process, I4otiva"con , pr ide  
of work:.aansflip, ma?n/rr,achine in t e r f aces ,  and c m -  
n~ni .ce t ic i l  er'Eectivene8s !nust be considered i n  
the  achicvenent of abce.ptab2.e eAd re su l t s .  . 

The task  facing the designers of Vie S-LV 
t a n k s e  ar:d oneur;ietic i n s t a l l a t i o n s  seemed 
formidable a t  the sulsst. They had t h e  dual 
probieris of contaiainq con:;iderebbls quan t i t i e s  
of the low density gases, hcli lm and hydrogen, . 
an12 t h e  cryogenic liqt?ic:;s, kiy.iYLirogen and axygen, 
and. doing so  with m i d i m i i n ?  ('noper'dltly zero) led<- 
age. 'inesc, of cowse ,  a r e  not generally iu- . : 
SUITIO~I.C~FLS~P pz-obZezs, bu t  they h6d the addee 
problems of high-vil:riit.Lm l eve l s  %.ad extrsme 
t enpe ra t i r e  environni.nts "U contend with. Top- 
pirig off  the roble:as wss t he  r e s t r i c t i o n  t o  
accmpl ish  the  task  wLth f l ight-veig5t  hzxdware, 

The easy soluP,ion t o  %he eiirninrrtion of leak- 
age i n  a system such us  the S-IV Fropaision Sys- 
t e s  is. t o  ei isi inete the sepsrabie connectors, 
This i s  t heo re t i ca l ly  sirnyle b i ~ t  p r a c t i c a l l y  
InpossiSle a t  t h i s  st.=~ge of develo.pzcnt. Tae 
f i r s t  s t ep  i n  seeki~?q tl::?oreticsl. s impl ic i ty  
for S-I'll was zo minimize t h e  xil~z,ber of sessrnble  
connectors to  tlnose a b s o l ~ t e l y  necesssrf .  The 
tradeof f l i m i t ,  %as soon reac,hed, .ilo;rever. Traas- 
por ta t ion  and handling r e s % ~ i c t l . o n s ,  i n s t a l l a -  
t i on  f ac to r s ,  eli6 the necess i ty  f o r  allowing 
some f lexibili-t.y To:- changes ~ n d  improve~iccts 



st i l l  demanded a s i g n i f i c a n t  number of separable 
connections. 

I n  t h e  S-IV Program a high r e j ec t ion  r a t e  
of  welded p ipe  assemblies was encountered, par- 
t i c u l a r l y  i n  t h e  smaller  diameter pipe s i zes .  
This was one of t h e  problems r e su l t i ng  from the  
e f f o r t  t o  minimize separable connections by use 

. of welded subassemblies. Where t h e  qua l i t y  of 
t h e  welded pipe assemblies was acceptable,  each 
welded j o i n t  was one l e s s  connection t h a t  had 
t o  be l eak  checked. However, each welded pipe 
assembly subsequently removed and replaced,  f o r  
whatever t h e  reason, was t h a t  much more expen- 
s i v e  and involved t h e  breaking of t h e  mult iple 
connections incorporated i n  t h e  welded assembly. 

Selec t ion  and evaluation of s e a l s  and con- 
nectors  s u i t a b l e  f o r  t he  intended service  was 
based, a s  much a s  poss ib le ,  on pas t  performance 
and known t e s t  r e s u l t s .  There was very l i t t l e  
da t a  on elements s u i t a b l e  f o r  l i q u i d  hydrogen 
temperature service .  To remedy t h i s ,  t e s t i n g  
of s e a l s  and connectors was i n i t i a t e d  simul- 
taneously a t  MSFC and Douglas. Testing of 
me ta l l i c  s e a l s  was given high p r i o r i t y  a t  Doug- 
l a s .  It was evident  a t  t h e  beginning, t h a t  no 
s t a r t l i n g  new development i n  t h e  connector and 
s e a l  a r e a  would be immediately forthcoming. 
There was no time! The f i e l d  of choice i n  com- 
mercial  connectors and s e a l s  was q u i t e  l imi ted  
and it took no grea t  amount of t e s t i n g  t o  narrow 
the  f i e l d  even more. Good prospects within t h i s  
l imi t ed  group were t h e  metal "crush" washers, 
pressure  actuated f lange s e a l s ,  various metal 
conica l  gaskets,  bfS f l a r e s ,  and NAS 1367 f l a r e d  
t u b e , f i t t i n g s  (AN f i t t i n g s  with baked-on 
molybdenum d i s u l f i d e  lub r i can t ) .  For AN boss 
type connections, a me ta l l i c  boss s e a l  was t h e  
only promising candidate. 

The decis ions  were f i n a l l y  made under 
pressure of schedule commitments and t h e  neces- 
s i t y  of e a r l y  procurement. For tubing one 
inch i n  d i aae t e r  and under, MS f l a r e s  and BAS 
1367 f i t t i n g s  were selected.  Tubing oveg an 
incb i n  diameter was se l ec t ed  t o  be connected 
with Aeroquipss Marman couplings. Low-pressure 
ducting would a l s o  be connected by Marman coup- 
l ings .  Certain l a rge  ducting and components 
would be joined by bol ted  f langes u t i l i z i n g  
metal s e a l s  (pressure  actuated f lange s e a l )  t o  
conform t o  i n t e r f a c e  requirements. Voishan 
copper and aluminum s e a l s  were t o  be used on 
f l a r e d  tube connectors. The Marman metal cono- 
s e a l  was t o  be used with the  bol ted  f lange and 
V-Band coupling and spring loaded metal s e a l s  
(metal  boss s e a l s )  would be u t i l i z e d  on a l l  AND 
10050 por ts .  

Some concern was evidenced regarding some of 
t h e  decisions,  end Douglas,was advised agains t  
t h e  use of metal  crush washers th<ou$hout 'the 
systems. This philosophy was based on in-house 
t e s t i n g  r e s u l t s  and t h e  des i r e  t o  develop,con- 
nectors f o r  1-inch and smaller  di~trneter tubing 
t h a t  would not  be dependent on s e a l s  f o r  achiev- 
ing  leak-t ight  jo in ts .  The designers,  however, 
viewed t h e  metal crush washers as  pa r t i cu la r ly  
promising, e spec ia l ly  the  Voishan conical  metal 

sea l .  The metal  boss s e a l  was no t  q u i t e  a s  
promising, but  f o r  i ts  appl ica t ion ,  t he re  seemed 
t o  be no b e t t e r  choice. 

Checkout engineering, f rankly ,  viewed the  
conica lmetaf  s e a l s  wi th  some apprehension f o r  ~ . 
t he  following reasons: 

1. The s e a l  i n  e f f e c t  c r ea t ed  an add i t iona l  
possible l eak  path. 

2. The p o s s i b i l i t y  of  shredding during 
torquing of t h e  connection was considered t o  
have a high p robab i l i t y  i n  cases of ca re l e s s  
pos i t ioning o f  t h e  sea l .  

I n i t i a l l y  t h e  r e s u l t s  tended t o  support t h e  
f i r s t  reason, but gradually a s  the technic ians  
became fami l i a r  with t h e i r  use t h e  leakage r a t e s  
dropped o r  r e p a i r s  were e f f ec t ed  genera l ly  on 
t h e  f i r s t  try. It became apparent  t h a t  most 
leaks were due t o  undertorquing ad t hese  par- 
t i c u l a r  connections. 
As f o r  t h e  second reason, t o  one of t he  
wr i t e r ' s  knovledge, during production checkouts 
t he re  was only one d e f i n i t e  known inc ident  of a 
shredded conica l  sea l .  This appeared on t h e  
cold helium f i l l  l i n e  a t  t h e  f i r s t  f l e x i b l e  hose 
connection. Inimediately upon start of pressui i -  
zat ion a d i s t i n c t l y  audible l e d  was discovered 
and pressur iza t ion  hafted.  D i s ~ m e c t i o n  of t h e  
jo in t  revealed complete shredding of t h e  sea l .  
The l i n e s  up t o  t h e  two in - l ine  f i l t e r s  were a l l  
removed, including t h e  f i l t e r s ,  and sen t  out f o r  
inspection and cleaning. Loss a% one checkout 
s h i f t  r e su l t ed ,  but t h e r e  was no permanent dam- 
age sustained by system components. This in-  
cident  was u t i l i z e d  a s  a highly  e f f e c t i v e  ex- 
ample f o r  a l l  concerned o f  t h e  necess i ty  f o r  
exercising t h e  utmost care  i n  ins-dallat ion'and 
assembly. 

The metal boss seal. ~ a s ~ u s e d  throughout t he  
propulsion system, but  pa r t i cu lpx ly  i n  t h e  am- 
bient  helium, cold helimi,  and m s l t a n k  pres- 
su r i za t ion  subsystems. During checkout with 
ambient helium o r  nitrogen pressmrant, e i t h e r  .a 
s e a l  could no t  b s  e f f ec t ed  o r  it was ef fec ted  
only a f t e r  mul t ip le ,  very ca re fu l ,  attempts. 
These s e a l s  were therefore  el iminated from t h e  
ambient helium subsystems i n s t a l l a t i o n s  and re- 
placed by M3 28778 packing ("'O'hrings) and IG 
28778 paclring with 14S 28777 r ings .  I n  t h e  cold ' 

gas subsystems there  w a s  no a l t e r n a t i v e  except 
t o  use the  s e a l  f o r  t he  remainder of t he  program. 
Teflon "0" r ing  sea l s  were considered but not  
u t i l i zed .  The torques used were f e l t  t o  be ex- 
cessive f o r  t h e  cold Slow c h a r a c t e r i s t i c s  of 
Teflon. One c r i t i c a l  aspect  o f  .the use of t he  
metal boss s e a l  i s  t h a t  when a connection is  
disassembled, f o r  whatever reason,  t he  s e a l  has 
t o  be cu t  o f f  for  removal Prom Lhc f i t t i n g .  
Consequently, g rea t  care  must be  exercised by 
t h e  technician t o  preclude daor~&lng tnf? f i t t i n g .  

Tnere was s m e  concern over the use of the  
packing and r ings  i n  t h e  ambient helium sub- 
systems because genera l ly  they were applied t o  
the  con t ro l  elements of cryogenic components. 
However, connector leakage was very noticeably 
reduced and r e s u l t s  t o  da t e  ind ica t e  no dele- 
t e r ious  e f f e c t s  on system perfamance.  Some 



minor contamination has been encountered, but 
not enough t o  be considered serious.  The cure 
da te  f a c t o r  has t o  be considered here ,  but t he  
shor t  l i f e  of t he  S-IV provides a s a fe ty ,  and 
freedom from maintenance, fac tor .  

Marshall d id  not  consider t h e  Marman coupling 
with metal conoseal a p a r t i c u l a l y  des i rable  
appl ica t ion  because of t h e  lack of adequate t e s t  
data. Douglas, based on l imi ted  t e s t  da t a ,  ex- 
perience with o ther  programs, and the  f a c t  t h a t  
P&YA was using a s i m i l a r  type angle gasket i n  
RL-10 bol ted  f lange  connections, had confidence 
i n  t h e  connector and sea l .  I t  proved t o  be an 
e f f ec t ive  connector f o r  cryogenic l i n e s  of over 
1-inch diameters. The major problem i s  t h a t  t he  
making of a good connection requi res  considerable 
care and s k i l l .  Dis tor t ion  of f langes during 
welding i s  a l s o  a prevalent  problem. 

Experience on Saturn S-IV production accep- 
tance checkout revealed t h e  following sources 
of connector leakage: 

1. Poor ~ n s t a l l a t i o n  Prac t ices  - a )  No 
s e a l s  i n s t a l l e d ,  b )  Poorly i n s t a l l e d  s e a l s ,  
c )  Preloaded l i n e s ,  d )  Lack of s p e c i f i c  instruc- 
t i ons .  

2. - a )  Metal boss 
s e a l s ,  b ge sea l s ,  

3. Poor Torquing, - a )  Low torque,  b )  Lack 
of torque. - a )  Damaged f l a r e s ,  

ped f langes,  d)  Dam- 
aged bosses,  e )  Damaged sea l s .  

5. Contamination - 
Lack of t r a ined  and s k i l l e d  personnel during 

t h e  e a r l y  p a r t  of t he  program accounted f o r  t h e  
f i r s t  source. The second source was due t o  un- 
v i s e  se l ec t ion  of s e a l s  f o r  t h e  following rea- 
sons : 

1. 'Phe pressure actuated f lange s e a l  is  8 ,  

hard f l a t  f lange  s e a l  incorporating a number of 
annular , r idges  on the  inner periphery. The 
r idges  a r e  t e r l o n  coated and a groove i s  cut  * 

i n t o  t h e  inner  diameter f o r  spr ing  e f f e c t  and 
pressure-actuated sea l ing .  It was found t h a t  
the  s e a l s  were e a s i l y  scratched,  nicked, and 
t h e  t e f l o n  f laked off .  'I'he majori ty of t h i s  was 
probably caused d e i n g  i n s t a l l a t i o n .  Also, t he  
na t ing  f langes  were too  rough a f i n i s h  t o  s e a l  
agains t  t h e  smooth surfaces of t he  sea l .  

2. The problems i n  t h e  appl ica t ion  of t he  
metal boss s e a l  appeared t o  be primarily a di-  
mensional one and secondari ly a torque problem. 
In  too  many cases it was discovered t h a t  no 
sea l ing  ac t ion  occurred because no pressure had 
been applied t o  t h e  sea l .  This r e su l t ed  from 
too much clearance i n  the  assembly o r  improper 
sea t ing  of t he  jam nut  on the  bearing surface.  
I n  many ins tances ,  it was questioned whether '  
proper torquing was being applied,  i .e . ,  indi-  
cated torque w a s  due t o  f r i c t i o n  and not t ighten- 
ing  torque. 

The subsystems and subassemblies making up 
t h e  Saturn S-IV Propulsion System a r e  shown i n  
Table 1. The approximate number of each type 
of separable connector f o r  each subsystem is 
a l so  given. The system as  it f i n a l l y  evolved 

Table 1 - Subsystem Separable Connectors (~xternal) 
Flared Bolted AWD V - M A  Approx. 
nbe  Flange W s s  C o u ~ l i q  Total - 

Pneumatic Control 266 - 68 - 335 
Fuel Tank Pressurization 93 1 17 10 l21 
Oxidizer Tank Pressurization 100 - 35 - 135 
Oxidizer Tsnlr 32 
Fael Tenk 30 
Fuel Tank Make-UD Pressurization 31 
Engine Vent purge 47 
Cold Helium Bubbling 53 
Engine Injector Purge 60 
Ccmmon Bulkhead Vacuum Monitoring Sya. 21 
Nonpropulsive Venting 66 
Internal Enaine Vent 26 
External ~ngine Vent* 
Engine (6) 

Rot installed luring factory checkout 

contained approximately 1338 ex te rna l  separable 
connections, excluding those of t h e  engines. 
The pneumatic cont ro l  subsystems of t h e  s i x  
engines alone contained an approximate t o t a l  o f  
234 connections. The connections on t h e  o ther  
engine subsystems were not courited. 

I n i t i a l l y  t h e  system was conceived as a 
four-engine propulsive system, but was then re- 
designed as  a six-engine system. As t h e  system 
evolved through i t s  development, four subsystems 
(two major and two minor) were added and two sub- 
systems were expanded t o  include purge subassemb- 
l i e s .  Over 300 connections were added by these  
changes. 

Table 2 gives the  f l u i d  media contained i n  
the various subsystems of t he  Propulsion System 
and a l s o  gives t h e  approximate temperature and 
pressure environments. 

The Saturn S-IV Checkout Program was s e t  
up as  follows: 

PRODUCTION ACCEPTANCE CHECKOUT 

FACTORY - Leak and funct ional  t e s t s  were 
performed a t  t he  completion of manufacturing. 
This was perhaps the most extensive and thorough 
of a l l  t h e  checkouts. I n  prac t ice ,  it w a s  many 
times conducted i n  p a r a l l e l  with manufacturing 
operations. 

Table 2 - Subsystem Operating Enrironzentn 
Subsystem - Medium Teaparnture Pressure 

Pneumatic Control Helium 420-625O R 3000/455 
h e i  Tank Pressurization He, Hp i00-280" R 200, 300 
Oxidizer Tank Pressurization Helium 3%100° R 3000/250 
Oxidizer Tank JAX, He 160-300' R 45-48 psia 

162-16b0 R 
hie1 Tar& M 2 ,  He 60-255' A 30-32 psia 

CHp 38-42" R 
Helium 420-625' R 3000 ' hie1 Tank  W e u o  Press. 

Engine Vent Purge Helium 420-625' R 3000/620 
Cold Helium Bubbling i!elium 100' R 3000/320 
Engine InJector Purge Helium 420-625- R 3000/620 
Ccmmon Bulkhead Vacuum Vacuum - 1/4 psia 
Monitorina 1 DS~S 

!ionpropulsive Venting He, CH2 160-300' R 30-Sb. 
%JX 50-255' R 

Internal Engine Vent He, GH2 60-420° R 15 
W i n e  He, COX - 



PRESTATI C FIRING CHECKOUT 

STATIC TEST SITE - General ly a l e s s  exten- 
s i v e  and thorough checkout than  product ion 
acceptance checkout was performed t o  p repare  t h e  
s t a g e  f o r  s t a t i c  f i r i n g .  Subsystems modified 
a f t e r  Phase I checkout were g iven  a very  thorough 
and e x t e n s i v e  check. 

POSTSTATIC FIRING CHECKOUT 

STATIC TEST SITE - A check of  a g e n e r a l l y  
h i g h e r  l e v e l  t h a n  Phase I1 checkout was per- 
formed t o  e v a l u a t e  system performance and t o  is- 
o l a t e  any r e a l  o r  i n c i p i e n t  problem a r e a s  re- 
s u l t i n g  from t h e  f i r i n g .  

PRELAUNCH CHECKOUT 

LAWCH SITE - A thorough checkout' o f  t h e  
s t a g e  was performed t o  i s o l a t e  t r a n s p o r t a t i o n  
induced d i s c r e p a n c i e s  and t o  p repare  t h e  systel~i  
f o r  launch opera t ions .  This  checkout was con- 
cerned a l s o  w i t h  t e s t i n g  i n t e g r i t y  of  t h e  system 
a f t e r  r e t r o - f i t t i n g  of  modi f ica t ions .  

While $he systems checkouts were b a s i c a l l y  
t h e  same, emphasis was a p p l i e d  on d i f f e r e n t  as- 
p e c t s  o f  system f u n c t i o n s  and i n s t a l l a t i o n s  i n  
t h e s e  f o u r  major checkout phases. Thus t h e  
t o t a l  r e s u l t a n t  s t a g e  system checkout f o r  each 
s t a g e  was t h e  optimum checkout p o s s i b l e .  

Table 3 shows a broad comparison o f  system 
connector  leakage.  Unfor tuna te ly ,  r e t r i e v a l  of 
t h i s  in format ion  i n  a more a c c u r a t e  form was not  
p o s s i b l e  because of  i n c o n s i s t e n c i e s  i n  r e p o r t -  
i n g  and record ing  leakages.  An i n o r d i n a t e  
amount of  a n a l y s i s  and e v a l u a t i o n  would a l s o  be 
r e q u i r e d  t o  make t h e  comperison d a t a  meaningful 
because of  t h e  con t inu ing  development of  t h e  
s t a g e  propuls ion  systems dur ing  t h e i r  l i f e t i m e s .  

Formulat ing t h e  l e a k  d e t e c t i o n  c r i t e r i a  and 
methods f o r  t h e  S-IV Program was one o f  t h e  most 
d i f f i c u l t  and unpleasan t  t a s k s  experience& by 
t h e  checkout groups. At t h e  beginning,  i t  
seemgd a f r u s t r a t i n g  and hope less  t a s k .  The ex- 
t e n t  of  helium and cryogenic f l u i d  c o n t a i n i n g  
l i n e s  and p r e s s u r e  v e s s e l s  was cons iderab le .  
Our problems were compounded by t h e  f a c t  t h a t  

' 

t h e  l e a k  checks would be  conducted a t  ambient 
c o n d i t i o n s  and, of  course,  with c o n s t r a i n t s  on 
t h e  t y p e s  of  f l u i d  media. I n  g e n e r a l ,  t e s t  
p r e s s u r e s  were cons iderab ly  below subsystem 

Table 3 - System Leakage at Factory Checkout 

Stage Desig. Approx. No. Approx. No. 
C/O DAC NASA of Leaks .of Connections - 
1 2 Facility 
2 Test /\SV 
3 1 s-IV-5 
4 3 S-IV-6 
5 4 S-IV-7 
6 5 s-IV-g 
7 6 s-IV-a 
a 7 S-IV-10 

Information not  available 

o p e r a t i n g  p r e s s u r e s  because o f  s a f e t y  considera-  
t i o n s .  Some c o r r e l a t i o n  of  t e s t  r e s u l t s  wi th  
t h e  o p e r a t i n g  p r e s s u r e s ,  f l u i d s  and cryogenic 
environments. would be necessary.  The launch 
and s t a t i c - f i r i n g  v i b r a t i o n  l e v e l  environments 
were a l s o  f a c t o r s  t o  be considered. 

A survey of  a l l  a v a i l a b l e  l e a k  d e t e c t o r  
d e v i c e s ,  methods, and p h i l o s o p h i e s  was i n i t i a t e d ,  
b u t  u n f o r t u n a t e l y  l i t t l e  o r  no d o c m e n t a t i o n  o f  
t h i s  e x t e n s i v e  and important  e f f o r t  was made. 
This  omission was t h e  s u b j e c t  of  cons iderab le  
r e g r e t  l a t e r  on and a s  a consequence much o f  
t h i s  e f f o r t  had t o  be dupl ica ted .  

The mass spec t rometer ,  h e l i u n  l e a k  d e t e c t o r ,  
and t h e  halogen l e a k  d e t e c t o r  appeared promising 
a t  f i r s t .  I n i t i a l  c o s t ,  m o b i l i t y ,  p o r t a b i l i t y ,  
m a i n t a i n a b i l i t y ,  o p e r a t o r  t r a i n i n g ,  and lack  o f  
confidence i n  t e s t  r e s u l t s  were p m i n e n t  
f a c t o r s  i n  t h e i r  f i n a l  d i s c a r d  a f t e r  d e t a i l e d  
a n a l y s i s  and eva lua t ion .  A mass spec t rometer  
was procured,  however, f o r  f u r t h e r  t e s t i n g  and - 
experimentat ion a t  t h e  s t a t i c - f i r i n g  s i t e .  

A b i g  f a c t o r  i n  s e l e c t i o n  o f  l i q u i d  oxygen 
compatible bubble s o l u t i o n  a s  a prkn?e l e a k  de- 
t e c t i o n  method was t h e  e x t e n s i v e  an& s u c c e s s f u l  . 
use  of  t h e  f l u i d  on t h e  Thor system. N s o ,  
t h e r e  was a r e c o r d  o f  u n s a t i s f a c t o r y  r e s u l t s  i n  
some a p p l i c a t i o n s  of  t h e  halogen l e a k  d e t e c t o r  
a t  Douglas. Cognizant personne l  fe l t  t h e  bubble 
s o l u t i o n  was a known q u a n t i t y  t h a t  produced . 
p o s i t i v e  r e s u l t s  whi le  t h e  o t h e r  methods were 
t o o  much of an unknown n a t u r e  i n  p r a c t i c e ,  a l -  
though e x c e l l e n t  i n  theory.  The c o s t  and n a t u r e  
of  t h e  S-IV Program d i c t a t e d  some conservat ism, 
p a r t i c u l a r l y  i n  view of  t h e  schedules .  

The bubble s o l u t i o n  and a u d i b l e  d e t e c t i o n  
were f i n a l l y  s e l e c t e d  a s  t h e  prime leak  d e t e c t i o n  
methods t o  be used i n  conjunct ion w i t h  f low me- 
t e r s  f o r  valve s e a t  leakage nieasurements. Some- 
t ime l a t e r  i n  t h e  program, Douglas was d i r e c t e d  
t o  u t i l i z e  t h e  halogen l e a k  d e t e c t o r  f o r  bel.lows 
and f l e x i b l e  meta l  hose leakage checks. 

Audible l e a k  d e t e c t i o n  is overlooked by many 
people a s  a p a r t i c u l a r l y  e f f e c t i v e  and inexpen- 
s i v e  method of  d e t e c t i n g  major and medium r a t e  
leakage. I n  conjunct ion wi th  t h i s ,  t a c t i l e  
checks a r e  a l s o  u s e f u l  &?d effect i \*e.  The use 
o f  bubble s o l u t i o n  t o  d e t e c t  minor - but' n o t  
i n s i g n i f i c a n t  - leakage was q u i t e  e f f e c t i v e  and 
was a major p a r t  of  l e a k  t e s t i n g  o p e r a t i o n s  on 
t h e  S-IV. There were some problems t o  be over- 
come and t h e r e  a r e  c e r t a i n  d i sadvantages  t o  i t s  
use;  b u t ,  t h e  b a s i c  o b j e c t i o n  t o  bubble s o l u t i o n  
f o r  l e a k  t e s t i n g  seems t o  be i t s  l a c k  o f  sophis-  
t i c a t i o n .  

The phi losophy of  t h e  checkout group was 
t h a t  leakage r a t e s  unde tec tab le  by  t h e  bubble 
s o l u t i o n  t e s t  were i n s i g n i f i c a n t  a s - f a r  as t h e  
mission of  t h e  S-IV was concerned, It was f e l t  
t h a t  d e t e c t i o n  o f  such leakage was maximization 
without  j u s t i f i c a t i o n .  There was l i t t l e  assur -  
ance t h a t  a t t empts  t o  r e p a i r  o r  c o r r e c t  such 
leakage would n o t  be an i m p r a c t i c a l  e f f o r t .  

The c r i t e r i a  u t i l i z e d  i n  t h e  S-IV propuls ion  
system l e a k  checks were t h a t  no leakage  was 
a l lowable  a t  any o f  t h e  s y s t e d s  s e p a r a b l e  con- 



nections. The term "No Leakage Allowablen was 
defined a s  the  complete absence of any v i s u a l  
cormation of bubbles a t  a pressurized connection 
upon the  appl ica t ion  of LOX compatible bubble 
so lu t ion  -- t o  t h e  complete s a t i s f a c t i o n  o f  a 
q u a l i f i e d  inspector.  Se l ec t ive  assembly of 
components was sometimes necessary t o  achieve 
t h i s  "zero leakage" condition. 

The genera l  procedure used i n  leak checks 
was as follows: 

1. Pressur iza t ion  of t h e  subsystem o r  sub- 
assembly a t  a slow r a t e  while audible monitoring 
was performed. 

2. Termination of pressur iza t ion  a t  pre- 
scr ibed s t eps  t o  allow ca re fu l  audible leak 
checks. 

3. Pressur iza t ion  t o  t h e  maximum t e s t  
pressure a t  which time bubble so lu t ion  checks 
were made. 

4. Tagging and recording of detected leaks 
followed by r in s ing  of t h e  connector with d is -  
t i l l e d  water and drying. 

5. Depressurization, inspection and r e p a i r  
of leaking connections. 

6 .  Repeti t ion of t he  above process u n t i l  
all of t h e  leakage was eliminated. 

I f  audible leakage was detected a t  any time 
i n  t h e  opera t ion ,  a quick evaluation of t h e  leak  
w a s  mede and pressur iza t ion  e i t h e r  continued o r  
discontinued according t o  t h e  seve r i ty  of t h e  
leak. I n i t i a l  checks were made with nitrogen 
and f i n a l  checks were performed with helium, 
except f o r  t h e  tank checks which were made with 
nitrogen a s  t h e  pressurant .  

The f i r s t  checkouts of S-IV a t  t h e  Santa 
Monica production acceptance f a c i l i t y  were on 
t h e  Facility/Dynamics Stage (#2)  and t h e  A l l -  
Systems Test  vehicle.  The Facility/Dynamics 
Stage was an i n s t a l l a t i o n  incorporating only 
those subsystems e s s e n t i a l  f o r  propel lant  loading 
and tank pressur iza t ion .  The All-Systems Test 
vehic le  was an abbreviated version of the  then 
current  f l i g h t  system and incor-porated dummy 
(simulated) engines which were l a t e r  replaced 
with Bat t leship  RIrlOA3 engines. It was immed- 
i a t e l y  obvious t h a t  l e s s  than acceptable wo-k- 
manship had been performed i n  i n s t a l l a t i o n  and 
assembly of pneumatic components. Lack of ex- . 
perience was a s i g n i f i c a n t  fac tor .  While leak- 
age was prevalent  throughout t he  i n s t a l l a t i o n s ,  
t he  major problem areas  were a t  t h e  Marman cono- 
s e a l  connections, t h e  metal boss sea led  connec- 
t i o n s ,  and the  pressure ac tuated  f lange sea led  
connections. 

These problems pe r s i s t ed  through subsequent 
s tage  checkouts u n t i l  t h e  following ac t ions  were 
taken : 

1. The metal boss s e a l  was el iminated a l to-  
ge ther  from t h e  ambient helium subsystems and re- 
placed with MS 28777 r ings  and/or MS 28778 pack- 
ing. 

2; A search f o r  a replacement of t h e  pres- 
sure  actuated f lange s e a l  was i n i t i a t e d  and 
culminated i n  t h e  procurement of t h e  Creavy 
Astro-Seal. The Creavy Astro-Seal i s  a bol ted  
flange-type aluminum s e a l  incorporating a 

close-wound Inconel spring,  enclosed by a 
t e f l o n  sleeve. This i s  bonded t o  the  inner  
periphery of t h e  sea l .  The sea l ing  q u a l i t i e s  
of t h i s  s e a l  were exce l l en t  and el iminated a l l  
problems a t  bol ted  f lange comections.  An addi- 
t i o n a l  bene f i t  of t h i s  seal i s  t h a t  it may be 
reused with no de le t e r ious  e f f e c t  on i t s  s ea l ing  
q u a l i t i e s ,  assuming no damage t o , t h e  element. 

3. Carepal monitoring of the  Marman V-Band 
Coupling i n s t a l l a t i o n  revealed malpractices i n  
the  i n s t a l l a t i o n  of t h e  sea l .  Wrong indexing 
and/or inadvertent s l i g h t  deformation were 
occurring during pos i t ioning of t h e  sea l .  These 
malpractices were correc ted  and r e su l t ed  i n  
f a s t e r  r epa i r s  of leaking connections and, sub- 
sequently,  b e t t e r  f i r s t  i n s t a l l a t i o n s .  

4. Checkout personnel received proper 
t r a in ing  and in s t ruc t ion  and were c e r t i f i e d  by 
process engineering' in all aspects of pneumatic 
and cryogenic systems i n s t a l l a t i o n s .  

These correc t ive  ac t ions  by no means e l i -  ' 

minated a l l  these  problems, bu t  they minimized 
then t o  an acceptable degree. 

The major remaining problems were t h e  use  
of the  metal boss s e a l  i n  t h e  cold helium sub- 
systems and the  V-Band couplings on the  1-'1/2" 
f u e l  tank pressur iza t ion  tubing. Throughout 
the  remainder of t he  program, leakage problems 
were concentrated i n  these  two areas.  

Two other  problems experienced on the  S-IV 
Program were: 

1. Procurement of a poor qua l i t y  l o t  of 
IIAS 1367 f i t t i n g s  and t h e i r  eventual  use i n  a 
couple of stages. before t h e  problem was i so la ted .  
The molybdenum d i s u l f i d e  coat ing  was of i n f e r i o r  
qua l i t y  and flaked o f f  during normal assembly 
and disassembly of components. System contamina- 
t i o n  and malfunction of components resul ted .  

2. Procurement of a l o t  of sleeves and "B" 
nuts t h a t  had been heat  t r e a t e d  per t h e  wrong 
process . '  These elements later had t o  be re- 
placed. 

Leak checking of t h e  i n i t i a l  system i n s t a l l a -  
t i ons  revealed an excessive amount of connector 
leakage. Much of t h i s  leakage was of a severe 
type. There seemed t o  be no consistency i n  t h e  
type of connector a f f ec t ed  -- t h e  consistency 
was i n  the  prevalence of leakage. Repairs of 
the  leaking connectors seemed t o  be a hopeless ' 

task  a t  f i r s t .  Torque checku, retorquing,  dis-  
assembly of connection$ with replacement of s e a l s  
seemed t o  have l i t t l e  e f f e c t  i n  reducing leakage. 
An evaluation of correc t ive  ac t ions  was immedi- 
a t e l y  in i t i a t ed .  Process engineering was re- 
quested t o  review t h e i r  torque standards f o r  
adequacy i n  t h i s  application.  On-the-spot 
demonstrations and in s t ruc t ion  on assembly of 
separable connectors, t o r q - ~ i n g  of f a s t ene r s ,  and 
lubr ica t ion  of f i t t i n g s ,  and s e a l s  were presented 
by process engineering f o r  t h e  bene f i t  of  check- . 
out technicians and assemblers. Close (magnified) 
v i sua l  inspection of tube f l a r e s ,  f i t t i n g s ,  and 
s e a l s  was perfomed on specimens t h a t  had been 
assembled, repai red  and disassembled. Component 
bosses were a l s o  inspected wi th  f i t t i n g s  in- 
s t a l l e d  and removed. No p a r t i c u l a r l y  s ign i f i can t  



discrepancies were discovered, except fo r  a sus- 
p ic ion  of t h e  torquing and growing b e l i e f  t h a t  
t h e  me ta l l i c  boss s e a l  used on po r t  connections 
was a poor appl ica t ion .  

A step-by-step analys is  of t he  i n s t a l l a t i o n  
process was undertaken by checkout engineering 
i n  an attempt t o  i s o l a t e  any poss ib le  discrepan- 
c i e s  i n  methods, p rac t i ces ,  o r  techniques. A 
poss ib le  discrepancy was noted i n  t h e  normal 
i n s t a l l a t i o n  process which cons i s t s  of: 
(1)  i n s t a l l i n g  the  indiv idual  components on t h e  
s t age  a s  they become avai lable ,  ( 2 )  connecting 
mating p a r t s  a s  cont inui ty  i s  achieved by t ighten- 
ing  f a s t ene r s  t o  f inge r  pressure,  ( 3 )  a f ix ing  of 
an inspect ion  s e a l  t o  t h e  connection, and ( 4 )  
when t h e  assembly o r  subassembly i s  completely 
i n s t a l l e d ,  t h e  i n s t a l l a t i o n  i s  torqued t o  t h e  
proper values.  Upon completion of torquing,  the  
connections a r e  torque s t r i p e d ,  where authorized. 

Standard p rac t i ces  c a l l  f o r  i n i t i a l  torquing 
t o  t h e  minimum allowable value;  when leakage i s  
present  t h i s  allows retorquing t o  t h e  nominal 
and i f  necessary, retorquing t o  t h e  maximum value. 
The technic ian  performing the  component i n s t a l l a -  
t i o n  and assembly is  not necessar i ly  the  one per- 
forming the  torquing. Many ins tances  of f a i l u r e  
t o  i n s t a l l  s e a l s  were recorded and the re  was 
much evidence t o  ind ica t e  t h a t  s e a l s  were poorly 
i n s t a l l e d ,  substandard p a r t s  were i n s t a l l e d ,  
l i n e s  were assembled i n  a preloaded condit ion,  
and a s i g n i f i c a n t  number of cases i n  which fas- 
t ene r s  were not  torqued but  torque s t r i p e s  were 
applied. 

Douglas technic ians  performing torquing 
operations on cont rac t  end items must be t r a ined  
and c e r t i f i e d  by Process Engineering o r  e l s e  be 
supervised during the  torquing operation by 
c e r t i f i e d  i n ~ p ~ e c t i o n  personnel. This is  an area  

where a high degree of s k i l l  and knowledge i s  
required. These requirements a r e  not  always 
met, and t h i s  is  why checkout becomes so  nec- 
essary! 

An item worth noting here  is t h a t  i n  a 
majori ty of cases t h e  personnel doing t h e  in-  
s t a l l a t i o n  and assembly of f l u i d  systems a r e  
never cognizant of whether t h e i r  work is  poor, 
average, good, o r  excellent .  Unless one per- 
forms a leak check of f l u i d  l i n e  connectors, 
one can never be c e r t a i n  whether t h e  connec- 
t i ons  a r e  leak  f ree .  In  t h e  Saturn Program a t  
Douglas, checkout technicians were normally not 
engaged'in performing i n i t i a l  i n s t a l l a t i o n  and 
assembly. A t  t h e  end of t h e  S-IV Program (fac- 
t o ry  checkout phase),  t h e  checkout technicians 
were, generally speaking, much superior t o  
t h e  average i n s t a l l e r  o r  assembler i n  t h e  qualit3 
of t h e i r  work. They had a higher incent ive ,  
were very aware of t h e  problems involved i n  
making good i n s t a l l a t i o n s ,  and exhibited a high 
degree of pr ide  i n  workmanship. 

It should 6e pointed out  t h a t  as  t h e  S-IV 
Program proceeded, t h e  propulsion s y s t q  grew* 
i n  extent  and complexity. The number of separ- 
able connectors was probably doubled from t h e  
f i r s ' t  conception of t h e  f l i g h t  system t o  the  
f i n a l  design as  it evolved from t h e  manufactur- 
ing process, checkouts, s t a t i c  f i r i n g ,  launches, 
and added mission requirements. Simultaneously, 
improvements i n  i n s t a l l a t i o n  and over-a l l  de- 
crease of leakage occurred. I n  summary, t he  
success of t h e  S-IV s tage  i n  f l i g h t  and ground 
operations t o  t h i s  time is an excel lent  demon- 
s t r a t i o n  of the  ef fec t iveness  of t h e  connectors 
employed i n  the  propulsion system. There i s ,  
of course, always room f o r  improvement and 
mission requirements must always d i c t a t e  app- 
l i c a b i l i t y  and appropriateness of hardware. . 


