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Via : D/A@ftociata Admini a trattor for &gmization andlgsment 
L .r i 

gsociate Administrator for Manned Space F l igh t  

S + ~ I ~ j e c t :  Reque~t f o r  Approval t o  Man the Apollo Saturn V Launch Vehicle 

Reference! Administrator's Approval of Revised Apollo Pl igh t  Schedule 
Datad April  26. 1968 

' f i e  purpose of t h i s  xaemormdm is t o  obtaln  your approval t o  f l y  manned k ,  

mirraions an the Saeurn V launch vaahicls beginning with Apollo-Saturn 
v ~ b i c l e  6503 c u r r m t l y  scheduled f o r  launch i n  December 1968. 

a 
3:. refarranee, approval was given t o  proceed with planning, d&ign, 
fabrtcation, devalopmen't and proof t e s t i ng  necessary to lead to tha 
p o s s i b i l i t y  of a manned A$-503 misrion, The contingent nature of thie 
decision wrta baacd an the in - f l igh t  ~tnwnalias encountered is the A&-TO2 J 

apaca vehicle  durfng the Apollo 6 mission on April 4, 1968, The rhrea 
pr inc ipa l  probtms Pdentlfiad i n  Apollo 6 ware: 

- langf tudinal  o sc i l l a t i ons  i n  the launch veh%cle in the I 

range of 5 c , p . s .  which produced a "PQEO" sffact  and un- 
acceptsbla 6-loadings on the spacscraf t  

- malfunction of the J-2 Engine Aupanted Spark Zgnlter ' 4 ,  

fuel ing l ine8  rcau l t ing  i n  ea r ly  shutdown of one S-XI 3-2 
Engina and failure of the 5-2 to teatart In the 8-IVB 

t . .  - a ~rructural failure i n  the lapaeecraf t: LM a&apter (SU) 
a t  approxlmtely W133 seconds 

Zrr addi t ion,  o ther  anomalies occurred on AS-502: ea r ly  cutoff  of a second 
J-2 Engine; failura o f  the S-fVB propel l rnr  utiliastion (PU) aystem; a 
sea %m Lealc i n  che $3-XVB. 

r: was a.mttsbliaAad early that a dctcieaion t o  man the Saturn V vehicle muel: 
e predicated upon three  accomplishm&nts: 



(2) The physics of the failures must be understood and 
duplicatad i n  ground teating; 

(3) The f ixes  f o r  these anomalies must ba demonstktcrd and 
qual i f iad i n  analysia and test ing 

The activities af the various program alancmte which addressed these 
anmalies have been subfected to continuous review by Apollo Program 
and Manned Space Flight Mgmagment, We are now unanimously agreed tha t  
thEls'at three objectivaa have been aartisfiad with respect t o  the anomalies 

, 

encountered i n  Apollo 6. 

Each aE the problemat, ar3 raported to you a t  various intervals has received 
rigorous treatment, Satisfactory solutions have been implemented and 
proven t n  analysis  and testing. The reaulce of t h i s  e f f o r t  &re extenatvely 
docmcntsd including the basis  of select ion of fixes where alternate paths . 
t o  solut ion ware available.  A t  the r i s k  of understating the s izable  . 
magnitude of the technfcal and management effort involved i n  each case, 
X w i l l  brief ly  summarize each problem, our approach to a aolutiono the 
solution decided upon, and, evidence gained i n  analysis and tas t ing  tha t  
the solut ion is val id .  

8 

Launch Vahicla %an~i tud ina l  Qsc i l l a t ion  

I, On July 15 the POCO Solution waa established, Tearing and analynia had 
confirmed adequate a t a b i l i t y  margfn a t  a l l  prtructural modes by incorporating 

' 

an accumulator in the S-IC stage t Q X  feedliness. Thiie was accomplished 
by filling ths exis t ing  pxevalve cavity with halium. me f ix  was sltnJpla 
and f a i l a s f e ,  requiring a minimal addition off plumbing ta  provide! helium 
to  the prsvalves from caxiating on-board A a r l h n  supply, It only remainad 
t o  qualify.the hardware a d  ver i fy  its function fn  stage ground test ing.  
The POGO f i x  wans approved for  hardware implementation and announced 
following t h i s  review. Subsequent: rcsstfn)3 and analysis  ha9 demonatrated ' 
a t  leaat 6 db s t a b i l i t y  margin a t  a l l  s t ruc tura l  modes. The hardware for  
ther POGO fix has becan inartallad on Apollo 8 (AS-503) and has bean 
qualffied in component tcssttng and i n  lit-fC stage s t a t i c  firtnga. 

i : J-2 Engine Aumentad Spark Igni te r  

I A t  260 and 318,9 aeconds i n to  the Apollo 6 rni8sion during $-If. stage 

I powered flight, 3-2 Rngine Q2 expsrisnced unexplained pertormanc& s h i f t s  
' 

and premature shutdown occurred at 412.33 on thie engine, 
j . 
i 

! The cauaa of th ia  an'omafy haa been conclusively demonstratsd and the 
i harbawa, f%x was f L m  @ ~ c ~ e ~ ~ & E u l l y  iR tha 8-IVB etaga 5-2 Engine on 



3. 

Ih.poI.10 7. The cauee, o failurs an the fuel l ine feeding the 5-2 Auflentad 
8park Xgniter haa bean duplicated i n  engine t es t ing  and tha spac i f i c  cause 
for the Eatlure idantifiard as a f l o w  fnduced vibrat ion i n  the f lex ib le  
bellows sect ion af the l i n e ,  Thtrr phenomc~non had been maaked i n  prwious  
ground testing because of the vibrat ion damping e f f a c t ~  of l iqu id  a i r  an 
rhe exte r io r  of tha ballowa, Vacwtrat t e r t r  bma induced rapid fn i lu ta  in 
Cheset bellowe a t  peak flow rates. The AS]: l i n e s  were redesigned t o  
s lh in la te  thaa b~3110~~3  ~ d c t f a m ~ l  and ra qualiffceition t e a t  pwagraar m r i f i a d  
eha fig, including angina t e s t s  a t  AEDC a t  a l t i t u d e  conditions, and etage 
t&sC'ihg of both' 8-1'16 and I-TVB. ]In addition,  we have checked f l u i d  lines 

t I 

througlzout the space vehicle and a r e  satisfied that s imilar  problem 
inducing conditions do not exist  aleawhere i n  the fLil;Jht ryatsm. , . 

A t  133 sreconda into the Apollo 6 f l fght ,  mission photography uisibly:l 
shaped antxl~llaus behavior i n  the SLA area, Thta correla ted with abrupt 
rending changes 2x1 Spacecraft, XU and 9-XPXl instrumentation. The anomaly 
was iden t i f ied  ae pieces of the S U  eihall separating from the space 
vehicle,  The SLA s t ruc ture  had auffered soma loca l  failure but had ouo- 
traindad f l i g h t  loads £0: the remainder of the mission, 

Zlhar SLA anomaly amlyeia detemined tha t  the local  failure of the panel 
wag most l i ke ly  t o  have resulted f t m  a locrrliesd area of debonding, 
Test8 and sn&lyses hava establgahad that earliar concerns of shell 
i n s t a b i l i t y  wera not the  caulae of the anomaly. A rigorous program of 
ultxasonic inspaction, tansion/sheax pul l  t es ts ,  and venting of the 
core through inner face sheet has been applied ta a l l  SLA1s, X n  addftfan, 
t o  these action. which ware applied Lo the recent successful Apollo 7 'SU, 
the 503 S U  ha8 been insulastc9d with cork t o  provide addi t ional  protaction 
against heat, We are confident theas measureat w i l l  prevent re-occurrence 

In addZtian to the, thrlre principal a n m a l i ~ ~ l  from the Apolla 6 f l i g h t  
daseribad above, three othk?. prtfblems were idonrifiad and received 
s iaif ar treatment, 

3 -XX  5-2 SF3 Premature C u s  - - - - , 
4 

A t  the tima of cutoff a; tho I-XI .tag6 &! rclgine from the f a i l u r e  of the 
ASE l ine ,  ths $3 Bngina also cutoff and the atage continuad t o  operate 0x1 

three engines. Thc cucaff of the 83 engine was traced from f l i g h t  d& 
to  che arronaoua wiring of tha 63 engine prsvalvc to the #2 engine cutoff 
c ircui t .  Therefate, ashe& the I 2  engine cutaf f ,  the s igna l  to  clboe the 92 
angine prevalva went: instead to the C3 engine prevalvta, i n i t i a t i n g  cutoff 
of the 973 engine a l so .  Raviaw of! mgincaaring paper, modification history 

* I  tt 



er s tag& configuratfun data reveelsd tha t  tha raferenca deeigmtore  
sn  omietdd from wiring connsc to r~  i n  the region where the ctrcuitet 

question could bs q u i t s  e a s i l y  cross connected, Furthaxmore, modifi- 
of theae wiring harnesses was mada a f t e r  t h s  l a s t  echeduled elngle , 
check aP the c i r c u i t s ,  Even though functional checks ware made of 

xcui te ,  including prevalva operation, the checks were made only i n  
ngina mode, end the Bxranc?aour cxarrrad wir ing  wado not. dfacavered, 
t ive ac t ion  Snvolvesd careful  review of a11 stag* hardware and wiring, 
t i oa  of &n@ineering t o  assure both faolpxoglf rafersncing of con- 
e., and the inasusion of e i n g l ~  angine cesting a t  a l l  s i t e s  includ- 
C, land a cmlatci t  rarttiaw of a l l  modification/xetecet: prociclduvss and 

a sn t ro l r  to  etirnLnatab any poss ib i l i t y  of the same kind of problem i n  

- 
Wring  rho 8-IVB burn the Propallant  'fdtilizatfon (PU) sronaor gave an in- 
cor rec t  andfeation t ha t  the LOX tank wad f u l l ,  This erronclloue indicat ion 
could have baen cauatad by an open c i r c u i t  in the cabto sh ie ld  o r  by a 
aha r t  between tha inner and outer ieleimenta i n  the WX PU probe, 
faitura would have caulsad LOX depletion p r io r  t o  achieving velocity cut- 
o f f ,  i f  $-ZVB second b u ~ n  ha& occurred, Other instances oE thie ems of 
PU f a i l u r e  have bean noted in ground tes t ing.  Stiidiea were undertaken 
akmad toward e i t h e r  providing a backup to tha PZf system i n  event of f a i l u r e ,  
or repZacing thas PU ryatem wtth a lass effSctenfr  but faitsafe propellant  
cont;rol. Tha s tud i e s  hava resu l ted  i n  pz~vieians to  f l y  with a c 
time-shift propel lant  mixture r a t i o  control ,  h t h i s  operation the PU 
eyargms an boch $3-XI stage and 6-ZVIS ataga (eaeent la l ly  iden t ica l  systems) 
w i l l  f l y  "opan loop", i .e . ,  mixture ratio w i l l  be preset and oh i f t sd  by 
timer switch comanand from f l i g h t  sotftwarer, fSme minor lose  of payload 
mstrgin sccoatpanfas rh i a  change, but the c r i t i c a l  failura madee of the PU 
isystcral ars eilbltnated. 

A gressurtl decay was observed i n  the Apollo 6 S-IVB cold helitnn syeta;m, 
Indicat ing leakage %n sirher connections or valves. A savere leak could 
cause early shutdon or no r e s t a r t  of the 3-IVB Brag@. A s imi la r  leak 
had been notad in the f l i g h t  of Apollo 4 (AS-501). A complete reaxmi- 
nat ion of the helium system and t a l l  possible leak paths d i d  not i s o l a t e  
the cauejlta, but  pointed up sbnaar precautionary atepa t h a t  have baen taken. 
P lmbing  cornactors (Conossals) wbkclr ate subject  to looeaniqg, have . 
been replacid with tenflon coated &noaeerlrs;and praceduraa have bean 
%natalled whereby a l l  eonneetors w i l l  be retorqued aftar the SeIVB a r r i v e s  
a t  MS@ and again following CDDT. marsre procedures were followad on 
ApolXo 7 (AS~205) and no recurrenca of the halfram leak wkta observed, 

\ 
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5.  

These three less savere anomalies did not contribure in any way to the 
rhxce principal Apatlo 6 gxoblms. 

As %hewn aa attachment, we have given fdencification and solution of 
the Apollo 6 problems top priority with the manned flight: organization. 
General PhSl l ipa  has kept th is  sfforc under continuing survaillanca. 
Jointly w@ have conducted ~svaral major reviews as we progressed toward 

I .I r 

Qn Brrsptmber lq, 1968, the QHSF Derolgn Certification R(~vihtw (DGR) Board 
r e v i s t ~ d  tka M-503 launch vehicle and the result@ of correcttve actfons \ I 

\ 1 iw%aonted  ra xarolva thet Apolla 6 a n m l f a s .  A11 subJectar which affected 
eha daeieion to man the AS-503 vehfcfe were examined, No constraining 
concams warla Edenritied in thie review. Tke DClZ Board reaffirmed the 
intenelm to proceed with ar manned launch pending completion ofopetn work 
and the final. results of the POGO assessment and space vehicle ettuctural 
assasemant which are scheduled for presentatfan to the Board an 
Hovs?mfi.er 7, 1968, We do not expect: any surprises or change in viewpoint 
to m n  86-503. 

Ssrtfore, with the srma proviso, that all apsn work irr canrglated, and 
that final confixmarion of: man-rating is obtained in the PUG0 and apace 
vehietb $tmctural dasi?8ment8 on November 7, 1C request your decision now 
to proceed with neannad mtalaions on tha Baturn V launch vehicle beginning 
with AS-303 in December 1968. 

Orig ina l  Signed BY 
CHARLES W. MATIi%\VS 
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