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PROGRAM SUMMARY 

Design and development progress on t h e  Saturn I B  and Saturn V configurations 

of t h e  S-IVB s tage continued during t he  f i r s t  quarter  of 1967. The majority 

of layout drawings r e f l ec t i ng  l a t e  changes have been completed and forwarded 

t o  NASA. The majori ty of l a t e  changes t o  production drawings have been 

completed. Individual  system and module design and hardware and component 

design development, qua l i f i ca t ion ,  formal qua l i f i ca t ion ,  and r e l i a b i l i t y  

v e r i f i c a t i o n  t e s t i n g  a r e  now being emphasized. 

Bat t leship  t e s t i n g  was completed ea r ly  i n  t h e  program establ ishing t h e  

v a l i d i t y  of Saturn S-IVB design concepts and functional  operation of 

f l ight- type hardware. S-IVB/Saturn I B  and Saturn V aux i l i a ry  propulsion 

system module t e s t i n g  has been completed. 

S t a t i c  f i r i n g s  have been accomplished on eight S-IVBISaturn I B  f l i g h t  s tages  

(s-IVB-201 through S-IVB-208) and two S-IVB/Saturn V f l i g h t  stages (s-IVB-501 

and S-IVB-502). The S-IVB-503 stage was destroyed during s t a t i c  f i r i n g  count- 

down. Ten S-IVB s tages  have been delivered t o  NASA (~ynamics ,  S-IVB-500F 

F a c i l i t y  Checkout Stage, S-IVB-500-ST MSFC stage simulator, S-IVB-201 through 

S-IVB-204, S-IVB-206, S-IVB-501, and S-I.VB-502). S-IVB s tage f l i g h t  per- 

formance has been successfully demonstrated during t h e  f i r s t  th ree  Saturn I B  

missions,  AS-201; AS-202, and AS-203. 

Testing 

F l igh t  Testing (~ennedy  Space Center ) 

Preparations f o r  launch of t he  AS-204 vehicle were discontinued a f t e r  a f i r e  

occurred i n  t h e  spacecraft  during t e s t i n g  i n  January, The S-IVB s tage was 

not damaged. The AS-206 mission w i l l  be t ransferred t o  t h e  AS-204 launch 

vehicle.  

S - 1 ~ ~ 4 0 6 ,  S-IVB-501, and S-IVB-502 s tage prelaunch checkout and modifica- 

t i ons  continued during t h e  quarter .  



Acceptance Testing (sacramen: ;:st center)  

S-IVB-205 stage post-turn ?r modif .ions continued during the  quarter. 

Shipment t o  Kennedy Space ?nter  i: ~eduled fo r  29 June. 

S-ID-207 stage Category and 11: 1-dification work and checkout were 

completed and the  s tage wns placed i n  storage. Shipment t o  Kennedy Space 

Center i s  scheduled for  11 July. 

S-IVB-208 stage acc"~."~'.:e f i r i n g  was successfully accomplished on 

12 January. M a  . (.luration was 424.3 seconds, with automatic cutoff 

i n i t i a t e d  becaume oi' imminent l iqu id  oxygen depletion. A l l  t e s t  objectives 

were achieved. 

The S-IYB-209 s tage arr ived a t  t he  Sacramento Test Center on 10 March and 

was in s t a l l ed  i n  t he  Vert ical  Checkout Laboratory on 27 March. Stage modi- 

f i ca t ions  and s t a t i c  f i r i n g  preparations were i n  process a t  t he  end of the  

quarter.  

S-IVB-502 post-turnover modifications and preparation f o r  shipment were 

completed and the  stage was shipped t o  Kennedy Space Center on 21 February. 

The S-IVB-503 s tage was destroyed on 20 January during acceptance f i r i n g  

countdown on the.Beta 3 Test Stand. Post-accident investigation revealed 

t h a t  an ambient helium sphere weld was commercially pure Ti-55A titanium, 

not t he  specif ied ~ i - 6 ~ 1 - 4 ~  titanium. 

The S-IVB-504 stage arrived a t  t he  Sacramento Test Center on 25 January and 

w a s  i n s t a l l e d  on t h e  Beta 1 Test Stand. The Beta 1 Test Stand i s  being 

modified t o  accept S-IVB-504, which w i l l  precede S-IVB-209 through acceptance 

f i r i ng .  Stage acceptance f i r i n g  is planned f o r  l a t e  April. 



Design development t e s t i n g  i s  nearing completion, with 323 t e s t s  completed 

of 342 t e s t s  scheduled. Qua l i f i ca t ion  t e s t i n g  is a l s o  nearing completion, 

with 688 t e s t s  completed of 7 4 1 t e s t s  scheduled. Formal qua l i f i ca t ion  

t e s t i n g  i s  p~ogre s s ing ,  with 23 t e s t s  completed of 42 t e s t s  scheduled. 

R e l i a b i l i t y  ve r i f i c a t i on  t e s t i n g  is  continuing, with 4 t e s t s  completed of 

19 t e s t s  scheduled. 

Manufacturing 

S-IVB-209 factory checkout, i n i t i a t e d  on 28 November 1966, was completed on 

26 January. The s tage was a i r l i f t e d  t o  the  Sacramento Test Center on 

9 March. 

S-ID-210 forward and a f t  s k i r t s  and t h ru s t  s t ruc ture  i n s t a l l a t i ons  were 

completed in mid-January, 5-2 engine ins ta l la t ion  was completed i n  late 
January. F ina l  i n s t a l l a t i ons  and hookup were completed i n  ea r ly  February. 

Factory checkout, i n i t i a t e d  on 10 February, was completed on 21 March. 

Shipment t o  t h e  Sacramento Test Center i s  planned f o r  April.  

S-IVB-211 tank insu la t ion  and c l i p  bonding w a s  completed i n  ea r ly  February. 

I n s t a l l a t i o n  of t h e  l i qu id  hydrogen tank f i r e  re tardant  l i n e r  eas  completed 

on 12 March. ~ o i n i n g  of t he  t h ru s t  s t ruc ture  and forward and aft s k i r t s  was 

i n i t i a t e d  on 23 March. 

S-IVB-212 i n t e r n a l  insula t ion i n s t a l l a t i o n  and c l i p  bonding were i n  process 

at t h e  end of t he  quarter .  

The S-IVB-504 s tage was shipped t o  t h e  Sacramento Test Center on 25 January. 

S-ID-505 tank i n s t a l l a t i o n s  were completed i n  mid-January. Dual repres- 

su r i za t i on  sheet  metal i n s t a l l a t i ons  and joining of t he  s k i r t s  and t h ru s t  

s t r uc tu r e  were then completed. 3-2 engine i n s t a l l a t i o n  was completed i n  

February. Final  i n s t a l l a t i o n s  were completed and s tage checkout was 

i n i t i a t e d  on 20 February. 



S-IVB-506 l i q u i d  hydrogen tank i n t e r n a l  insu la t ion  was completed i n  l a t e  

March. Tank i n s t a l l a t i o n s  were i n  process a t  t h e  end of t h e  quar ter .  

Fabr ica t ion  assembly at t h e  Space Systems Center and a t  Santa Monica 

continued during t h e  quar ter  on s t ages  S-IVB-507, S-IVB-508, and S-IVB-509. 



SECTION I1 

ENGINEERING 



2. ENGINEERING 

2.1  Propulsion 

2.1.1 Liquid Oxygen Tank System 

Weinht Reduction Study 

A f e a s i b i l i t y  invest igat ion i s  being conducted on joining 6061 aluminum 

a l l oy  ducting t o  s t a in l e s s  s t e e l  bellows as  a weight reduction measure 

f o r  t h e  new nonpropulsive vent system in s t a l l a t i on .  

Liauid O m e n  Tank Nonpropulsive Venting System 

The cur ren t ly  proposed l i qu id  oxygen nonpropulsive venting system has 

been designed t o  u t i l i z e  t h e  ex i s t ing  l i qu id  oxygen tank vent and r e l i e f  

valve for ground venting, A new blowdown valve with a 3-inch nonpropulsive 

duct system w i l l  be i n s t a l l ed  downstream of t h e  valve i n  a manner s imilar  

t o  t h e  design u t i l i z e d  f o r  t h e  S-IVB-503 stage.  Nonpropulsive venting i s  

achieved by discharging vent gases through two diametrically opposed 

nozzles located 180 degrees apar t  on t he  a f t  s k i r t .  

Orb i ta l  Workshop Passivation 

Orb i ta l  workshop passivation s tudies  a r e  continuing. Dumping l i qu id  

oxygen through t h e  J-2 engine i s  one method current ly  being investigated.  

Liquid Oxygen Tank Rupture 

A study was conducted t o  es tab l i sh  t h e  minimum tank rupture a rea  required 

t o  produce t h e  i n i t i a l  l i qu id  oxygen tank pressure decay r a t e  of 1,000 p s i  

per  second which occurred during t h e  S-IVB-503 incident.  Calculations 

ind ica te  t h a t  a rupture below t h e  l i qu id  oxygen l e v e l  would require a 

l i q u i d  oxygen flow area  of 46 square f e e t  t o  generate t h e  observed pres- 

su r e  decay r a t e ,  A rupture area  of 4 square f e e t  would provide an 

adequate gas flow area  t o  produce t h e  same decay r a t e ,  



Liquid Oxygen Tank Relief Valve Blowdown Times 

Liquid oxygen tank r e l i e f  valve blowdown times have been calculated f o r  

ground and o r b i t a l  venting of the  I B  and V configurations. It was 

recommended t h a t  t h e  valve be t e s t ed  t o  a collapse r a t e  of 10 p s i  per 

second t d  insure  reseating under worst possible conditions. Orbi ta l  

cha t t e r  time (maximum) f o r  t h e  l i qu id  oxygen tank r e l i e f  valve was a l so  

p lo t ted  a s  a function of valve flowrate f o r  a 4 1/2-hour o r b i t a l  coast 

period. 

S-IVB-204 Total  Liquid Oxygen Tank Impulse 

Total  impulse values obtainable from 10-minute vents a t  various o r b i t a l  

coast  periods have been plot ted f o r  S-IVB-204. 

2.1.2 Fuel Tank System 

Orbit a1 Workshop 

F e a s i b i l i t y  s tudies  were conducted t o  support design requirements f o r  

t h e  Orb i ta l  Workshop. Design layouts were generated on the  following items: 

a. Passivation plug f o r  l iqu id  hydrogen feed duct and a removable 
ant.i-vortex screen, which enables t he  astronaut t o  remove the  
screen p r io r  t o  passivation plug in s t a l l a t i on .  

b. Modified pressurization duct t o  incorporate passivation plug. 

c. Modified f i l l  and drain d i f fuser  t o  incorporate passivation plug. 

d. Modified l iqu id  hydrogen vent duct t o  incorporate passivation 
plug 

e. Chilldown pump cover f o r  passivation. 

f . Liquid hydrogen nonpropulsive vent system ( secondary system f o r  
passivation).  

g. Modified chilldown re turn  l i n e  t o  incorporate passivation plug. 



Staae F'uel Residual Proposal 

A f e a s i b i l i t y  study has been concluded on employing a col lector  manifold 

or  an i n t e rna l  bladder within t he  fue l  tank t o  reduce stage fue l  res idual .  

A s  a r e s u l t ,  a f iberg lass  co l lec tor  manifold is  proposed and would be 

i n t e rna l ly  mounted within t h e  trough of t he  fue l  tank extending from t h e  

l i qu id  hydrogen feed elbow around the  circumference of t he  tank (approxi- 

mate1 150 degrees i n  each d i rec t ion) .  

AS-211 Fuel Tank Secondary Nonpropulsive Vent Sizing 

Using a minimum heating r a t e  of 25,000 BTU per hour, a vent o r i f i c e  

e f f ec t i ve  a rea  was s ized t o  maintain a 4-psia tank pressure. Tank pres- 

sure  during a maximum heating r a t e  of 80,000 BTU per hour was estimated 

f o r  t h i s  o r i f i c e  and time required f o r  isothermal blowdown ( a t  various 

temperatures ) was determined. 

Continuous Vent Regulator Poppet Pressure Prof i le  and High Frequency 

Chatter Invest igat ion 

The continuous vent regulator poppet p ressure .prof i le  was determined f o r  

various poppet posit ions.  

Maximum Permissible Blowdown Pressure Drop While Avoiding Liquid Hydrogen 

Loss f o r  S-IVB/Saturn V Liquid Hydrogen Tank Orbi ta l  Venting 

The e f f ec t  of blowdown pressure drop on the  l iqu id  hydrogen surface has 

been calculated.  The maximum acceptable pressure drop versus i n i t i a l  

pressure f o r  sa turated l iqu id  hydrogen a t  various ul lage volumes was 

calculated.  

Effect  of P a r t i a l  Fai lure  of t h e  S-IVB/Saturn V Continuous Vent System on 

Mission Completion 

The e f f ec t  of o r i f i c e  flow control  solenoid or regulator f a i l u r e  i n  

e i t h e r  t he  open o r  the  closed posi t ion during burn, coast ,  and repressuri-  

zat ion has been examined. It was concluded t h a t  probably mission completion 



w i l l  follow e i t h e r  regula tor  o r  o r i f i c e  f a i l u r e  c lose  a t  r e s t a r t ,  or  

o r i f i c e  f a i l u r e  t o  open during coast.  Regulator f a i l u r e  t o  open during 

coast  would probably cause a mission f a i l u r e .  

AS-501 Safety Monitoring Study 

The‘ AS-501 f u e l  system safe ty  monitoring study w a s  completed. Analysis 

indicated t h a t  f u e l  system prevalve operation f a i l u r e  could be considered 

catas t rophic ,  although fur ther  study is  required. There were po ten t ia l  

f a i l u r e  modes which could jeopardize mission accomplishment. Instruc- 

t i o n s  were provided f o r  detecting and circumventing t h e  malfunctions. 

Pneumatic Control and Pressurization Systems 

2.1.3.1. Design 

The pneumatic system i n s t a l l a t i o n  drawing (1839323) has been revised. 

Ef for t  involved (1 )  adding t he  4.5-cubic-foot helium supply b o t t l e  f o r  

S-IVB-205, (2 )  replacing t h e  1~66692-1 actuation control  module with t he  

1~49982-517 module f o r  S - I V B - ~ O ~  (which features  added thermal insu la t ion) ,  

and (3 )  adding a check valve (lB67481-1) i n  t h e  vent port  of t h e  actuation 

control  module t h a t  controls  the  prevalves and shutoff valves t o  prevent 

cryopumping . . This change i s  e f fec t ive  on S-IVB-204 through S-IVB-216. 

The forward s k i r t  pneumatic system i n s t a l l a t i o n  drawing (1~52500)  has been 

revised t o  add a control  o r i f i c e  t o  t h e  i n l e t  port on t h e  actuation control  

module t h a t  operates the  l i qu id  hydrogen continuous vent module ( e f f ec t i ve  

S-IVB-501 through S-IVB-515). 

The S-IVB/Saturn I B  a f t  sect ion pneumatic power i n s t a l l a t i o n  drawing 

(1~58002)  i s  being revised t o  include (1 )  adding low emissivity paint  t o  

t h e  pneumatic power control  module t o  maintain module temperature above 

-125OF ( e f f ec t i ve  S-IVB-211) , (2 )  adding t h e  4.5-cubic-foot helium b o t t l e  

f o r  S-IVB-207 t o  meet mission helium requirements, and ( 3 )  re locat ing t he  

common bulkhead vacuum monitoring transducer t o  increase monitoring system 

r e l i a b i l i t y  ( e f f ec t i ve  S-IVB-208 through S-IVB-216 and S-IVB-504 through 

S-IVB-515). 



The S-IVB/Saturn V a f t  sect ion pneumatic power i n s t a l l a t i o n  drawing 

(1~58003)  i s  being revised t o  include (1) replacing: t he  1~66692.-1 actua- 

t ion'  control  module with t h e  ~149982-517 module fo r  S-IVB-501 (which adds 

thermal insu la t ion  t o  t h e  module) and (2 )  adding a check valve (1~67481-1) 

i n  t h e  vent por t  of t he  actuation control  module t h a t  controls t h e  pre- 

valves and chilldown shut off  valves t o  prevent cryopumping ( S-IVB-501. 

through S-IVB-515). 

The main oxidizer tank pneumatic system i n s t a l l a t i o n  drawing (1~58006)  has 

been revised t o  (1 )  re loca te  pressure transaucer ~ 0 1 6  due t o  temperature 

f a i l u r e s  encountered during qua l i f i ca t ion  t e s t i ng ,  and (2)  i n s t a l l  -503 

helium dump module (1~57781)  i n  place of t h e  -501 configuration a s  a 

r e s u l t  of qua l i f i ca t ion  t e s t  f a i l u r e s .  

2.1.3.2 Analysis 

Oxidizer Pressur izat ion System Changes fo r , Increased  Oxidizer Loading 

Ef fec t s  on t he  oxidizer pressur izat ion system resu l t ing  from an increased 

oxidizer  load ( t o  195,522 pounds) have been investigated.  Analysis indi-  

ca tes  t h e  s losh b a f f l e  w i l l  be e f fec t ive  f o r  t he  l a rge r  load and a change 

i n  t h e  present ba f f l e  system i s  not required. The pressur izat ion system 

would requ i re ' an  o r i f i c e  change and/or sequence change. 

Liquid Oxygen Tank Repressurization 

Maximum and minimum l i qu id  oxygen tank repressurization r a t e s  were estab- 

l i shed  fo r '  t h e  oxygen-hydrogen burner based on burner performance dis-  

persions and l imi t ing  l i qu id  oxygen tank u l lage  conditions. Heat losses  

between t h e  burner o u t l e t  and l i qu id  oxygen tank d i f fuser  were based on 

da ta  obtained from t h e  S-IVB-502 s tage acceptance burner simulation t e s t .  

Calculations ind ica te  a maximum repressur izat ion r a t e  of 1.56 p s i  per 

minute and a minimum r a t e  of 0.74 p s i  per  minute. 



Liquid Oxygen Pressurization Control Module Bang-Bang Operation 

Peak pressure i n  t he  plenum chamber downstream of t he  l i qu id  oxygen 

pressur izat ion control  module, while the  module i s  operating i n  t he  

bang-bang (backup) mode, has been determined. Results indicate  t h a t  

plenum pr'essure w i l l  be within system operating l i m i t s  during bang-bang 

operation. 

S-IVB Stage Module Bang-Bang Operation 

Two s tage modules (pneumatic power control  and cryogenic repressurization 

cont ro l )  have been investigated t o  determine peak downstream system pres- 

sure  during bang-bang (backup) operation. Preliminary r e s u l t s  indicate  

t h a t  peak pressure w i l l  be within system l i m i t s  f o r  both modules. 

Cryopumping Nitrogen i n t o  Liquid Oxygen Tank Pressurization Module 

Regulator 

Analysis was conau~ted  t o  determine t he  pos s ib i l i t y  of nitrogen cryo- 

pumping i n t o  t h e  regulator.  Results indicated t h a t  t h e  regulator would 

be operable i n  both t h e  acceptance and f l i g h t  cases. 

Mylar and Vespel f o r  use a s  Valve Seat Material 

Mylar and Vespel were investigated f o r  valve sea t  mater ia l  i n  t h e  two 

p a r a l l e l  shutoff valves i n  t h e  l i qu id  oxygen pressurization control  

module. Results  indicated t h a t  although the  Vespel mater ia l  i s  subject  

t o  higher leakage r a t e s ,  it i s  more su i tab le  than Mylar due t o  i ts  longer 

l i f e  capabi l i ty .  

Ambient Helium Bot t le  Trajectory 

The hypothetical  t r a j ec to ry  of t he  upper half  of the  ambient sphere which 

burs t  during t h e  S-IVB-503 incident has been established.  It i s  e s t i -  

mated t h a t  no more than 10 per cent of the  t o t a l  avai lable  energy i s  

imparted t o  t h e  upper sphere ha l f  i n  an unconfined expansion (as  occurred 

i n  the  ac tua l  sphere explosion). This corresponds t o  an i n i t i a l  veloci ty  

of 440.0 f e e t  per  second and an impact point  no f a r the r  than 2,000 f e e t  

away from the  stage. 



S-IVB Fuel Tank Pressurization Data Required f o r  Propellant Ut i l i za t ion  

System Specif icat ion Modifications 

S-IVB f u e l  tank pressurization performance curves have been predicted f o r  

use i n  updating 3-2 engine t h rus t  var ia t ion specif icat ions .  These updated 

t h r u s t  specif icat ions  a re  required f o r  redefining propellant  u t i l i z a t i o n  

system performance specif icat ions .  

Lfauid Hydrogen Repressurization Relief Valve 

The current flow requirement f o r  the  l iqu id  hydrogen repressurization 

system r e l i e f  valve has been investigated.  I n  the  event of a GSE fa i l u r e ,  

t h e  current r e l i e f  valve flow requirement ( 2  pounds per minute) w i l l  pro- 

vide a pressure d i f f e r e n t i a l  of 60 p s i  between the  GSE regulator discharge 

and t h e  l i qu id  hydrogen repressur izat ion sphere ( a  s ingle  r e l i e f  valve).  

The r e l i e f  f lowrate would l i m i t  b o t t l e  pressure t o  3,500 ps i a  f o r  a GSE 

console preesure of 3,560 psia. It should be noted Chat i n  t h e  ac tua l  

case,  two r e l i e f  valves would be avai lable  f o r  r e l i e f  venting and t h a t  

GSE console overpressures would require a f a i l u r e  of t he  GSE r e l i e f  valve 

a s  wel l  a s  a high regulator  s e t t i ng .  

Mission Safety 

A mission sa fe ty  monitoring study was conducted f o r  S-IVB-204 and S-ID-501 

defining a l l  parameters t h a t  should be monitored t o  assure sa t i s fac tory  

mission sa fe ty  s ta tus .  

2.1.4 Oxygen-Hydrogen Burner Sys tern 

Oxygen-Hydrogen Burner Combustor-Dome Burnthrough 

Documentation of two combustor-dome burnthroughs (occurring on 20 and 

22 October 1966) was completed during January. It was thought t h a t  t h e  

first burnthrough was a random f a i l u r e  caused by defective mater ia l  and/ 

o r  weld. It was concluded t h a t  t he  second burnthrough resul ted from a 

f a u l t y  r epa i r  job on the  f i r s t  burnthrough. No design changes a r e  planned; 

however, leak checks w i l l  be made on a l l  production burners p r io r  t o  and 

a f t e r  each countdown and p r io r  ' t o  launch. 



Oxygen-Hydrogen Low Chamber Pressure Burner Failure Detection System 

Orbital Chilldown 

The time required to chill down the cold helium system through the 

oxygen-hydrogen burner liquid hydrogen tank repressurization system to 

a temperature between 125'~ and 150'~ at the voting circuit was predicted. 

Predicted chilldown time was a minimum of 16.5 seconds and a maximum of 

34 seconds. 

Oxygen-Hydrogen Burner Propellant Valve Inlet Duct Bond Numbers 

Analysis was made to determine the bond number upstream of the oxygen- 

hydrogen burner propellant valves as an aid to determine if the propellant 

ducts would contain liquid prior to 5-2 ignition. Analysis concluded 

that a bubble will not pass through the screen during either an acceptance 

test or a flight for sn acceleration f ield less than 32 g's, 

Feasibility of Using Aft Skirt to Heat Helium 

The feasibility of using aft skirt stringers to heat cold helium to 

repressurize the liquid oxygen and liquid hydrogen tanks is being studied. 

Oxygen-Hydrogen Burner Preignition Chamber Pressure 

Analysis is in progress to determine oxygen-hydrogen burner chamber pres- 

sure at ignition and to describe the procedure used to determine the time 

of ignition. 

Oxygen-Hydrogen Burner Injector Temperature.Gradient Across the Core Wall 

Temperature gradients across the injector core wall are being determined. 

This information will be used to determine injector thermal stresses and 

the diluent slot effective area change. 



Oxygen-Hydrogen Burner Cross-Ignition Investigation 

The mixture r a t i o  and gas veloci ty  i n  t he  spool a t  the  time of cross- 

i gn i t i on  a r e  being determined. This information i s  required t o  understand 

t h e  cross-ignit ion phenomena. 

2.1.5 Auxiliary Propulsion System 

2.1.5.1 Design 

Propellant  Posi t ive  Expulsion Tank Sys tern Gas Formation ( S-  saturn urn V) 

ECP 205431, concerning the  controlled bleedoff of gases from t h e  tank 

bladder p r io r  t o  launch, has been approved and redesign of t he  auxi l i a ry  

propulsion propellant  tank rec i rcu la t ion  system has been accomplished. 

Glass Bead Peening of Tank.Shells 

NASA has directed a configuration change f o r  a l l  S-IVB/Saturn V auxi l iary  

propulsion system propellant  tanks,  e f fec t ive  with S-IVB-503. This change 

requires  g lass  bead peening of tank s h e l l  i n t e r io r s  per 1~39468-503, -504. 

Douglas w i l l  perform the  peening process. 

Production Tank Assembly Processing and Checkout 

F l igh t  worthiness of tanks subjected t o  methanol during cleaning i s  being 

reviewed. S-IVB-504 auxi l i a ry  propulsion system propellant  tanks were 

found t o  have excessive moisture content. Several days of purging were 

necessary t o  meet system dryness requirements of MSFC-SPEC-164 . Bel l  was 

informed of t h e  problem and Douglas w i l l  require proof of conformance 

before accepting f i t u r e  tanks. 

2.1.5.2 Analysis 

S-IVB/Saturn V Gas Bubble Formation Study 

An ana ly t i ca l  model of t he  mass t ransport  phenomena associated with t he  

gas bubble formation i n  t he  S-IVB/Saturn V auxi l iary  propulsion system 



propellant  bladdek-s has been established. This model was used t o  

describe bubble formation methods and controls t o  minimize t h e  

phenomena i n  a f l i g h t  module. 

AS-208 Liquid Oxygen Vent Compatibility 

NASA was informed during t he  quarter  t h a t  t he  present l iqu id  oxygen vent 

alignment was not compatible with the  AS-208 mission a s  now defined. 

Realignmen* of t h e  vent t o  an angle of 18 degrees, 33 minutes was recom- 

mended. 

Feas ib i l i t y  of Extending Auxiliary Propulsion System Lifetime 

A study was made i n  conjunction with t h e  Orbi ta l  Workshop study of extending 

a d l i a r y  propulsion system l i fe t ime  . Diff icu l t i es  t h a t  might be encountered 

i n  extending the  l i fe t ime  of the  modules t o  a t  l e a s t  6 months were discussed. 

The study concluded t h a t  t he  l i fe t ime  could be increased with l i t t l e  d i f f i -  

cu l ty ,  although requa l i f i ca t ion  would be required. 

Auxiliary Propulsion System Malfunction Study 

An auxi l i a ry  propulsion system malfunction study was conducted t o  invest i -  

ga te  possible  malfunctions which could be detected by parameter monitoring, 

and possible  correct ive  action.  

AS-501 Auxiliary Propulsion System Propellant Requirement Prediction 

Auxiliary propulsion system propellant  requirements from the  predicted 

impulse requirements necessary t o  maintain AS-501 a t t i t u d e  control ,  

u l laging,  and perform the  required maneuvers have been determined. These 

predictions w i l l  be used a s  a method of comparison during AS-501 f l i g h t  

da t a  evaluation. 



Auxiliary Propulsion System Propellant Requirement fo r  Liquid Oxygen 

Tee Venting 

Auxil iary propulsion system propellant  requirements as a function of 

l i q u i d  oxygen vent unbalance through a t e e  have been determined. Analysis 

showed t h a t  t h e  present AS-204 l i qu id  oxygen vent alignment requires l e s s  

propel lant  than t h e  t e e  vent. 

AS-504 Propellant  Allocation Report 

Auxiliary propulsion system propellant  requirements from impulse require- 

ments necessary t o  maintain AS-504 a t t i t u d e  control  and perform the  

required maneuvers have been determined. Results indicate  t h a t  t he  

quant i ty  of on-board propellants exceeds requirements. 

2.1.6 Solid Propellant  System 

S-IVB/Saturn IB and V Ullage Rockets 

Ten u l lage  rocket  motors ( s e r i a l  Numbers K-801-4 and -6 through -14) were 

delivered on 30 January and s tored a t  Thiokol, Huntsvil le,  Alabama. 

Thiokol has responded t o  a Douglas request f o r  a quote on reduction of 

batch s i z e  t o  prevent exceeding ul lage rocket shelf  l i f e .  Information on 

she l f  l i f e  extension of other motors of the  same family was a l so  included. 

Thiokol a l s o  quoted on conducting an aging program f o r  t h e  purpose of 

extending shelf  l i f e  of t h e  TX-280-10 motor. 

Saturn IB/S-IB Retrorockets 

Two s t a t i c  t e s t  f i r i n g s  of i n t e rna l l y  insula ted retrorockets ( ~ o u g l a s  Par t  

Number 1~59670-505) a t  6 0 ' ~  have been completed successf'ully. The motor 

cases were instrumented with thermocouples. No temperature r i s e  occurred 

during motor operation. No hot spots were formed although one motor had 

a 1/2-inch-diameter void i n  t h e  web of t he  propellant .  



Douglas was di rected by NASA t o  u t i l i z e  a l l  retrorocket  motors (without 

i n t e r n a l  insu la t ion)  t h a t  have been delivered,  a f t e r  completing reinspec- 

t i on .  Six  of these  motors have been reinspected a t  Thiokol, Elkton, 

Maryland, and returned t o  Kennedy Space Center. The remaining motors 

have been returned t o  Thiokol f o r  reinspection. Retrorocket motors f o r  

use on S-IB delivered during t h e  quarter  a re  noted below. 

Par t  No. Vehicle Date - 
lA59679-505 4 AS-209 13  January 

1~5967O-5O1-OO5 4 AS-2 07 15 February 

1A59670-505 4 AS-210 28 February 

Thermal analysis  has been i n i t i a t e d  t o  fu r ther  evaluate adequacy of t h e  

i n t e r n a l  insula t ion.  This act ion was taken as  a precaution a f t e r  a 

Recruit  motor malfunction on t h e  ARC Athena Program. 

NASA d i rec t ion  and author i ty  have been received t o  subject  two 1~59670-505 

rocket  motors (with i n t e rna l  insula t ion)  t o  t e s t s  involving t h e  most 

severe environments t o  which t h e  1~59670-1 rocket motors were subjected 

i n  t he  o r ig ina l  (T-8) Qualif ication Test Program (with modifications a s  

applicable t o  S-IB). Two 1~59670-505 rocket motors have been borrowed 

from those  delivered on 28 February. These motors have been subjected t o  

radiographic inspection,  temperature cycling, a r epe t i t i on  of t h e  radio- 

graphic inspection,  and have been shipped from Elkton, Maryland, t o  

Thiokol's Wasatch Division, Brigham City ,  Utah. Vibration t e s t i n g  a t  

- 1 0 ' ~  and s t a t i c  t e s t  f i r i n g s  (one a t  -lO°F and one at  +155OF) a r e  

scheduled during April.  

Saturn V/S-I1 Retrorockets 

Retrorocket motors f o r  use on Saturn V/S-I1 delivered during t h e  quarter  

a r e  noted below. 

Pa r t  No. Quantity Stage - Date - 
4 AS-504 1 3  January 

4 AS-505 28 February 

4 AS-503 9 March 



The Saturn V/S-I1 retrorocket motor external  insulat ion has been 

reevaluated a s  follows : 

a. It has been determined tha t  a design modification can reduce 
cost ,  weight, and in s t a l l a t i on  time. An ECP has been i n i t i a t e d  
requesting authority t o  proceed with t h i s  change. 

b. A thermodynamic analysis has been made t o  determine adequacy 
of the  Saturn V/S-I1 retrorocket insulat ion fo r  a 12-hour 
hold on a Florida cold day ( + 2 g 0 ~ ) ,  Analysis indicates the  
need t o  cover t he  inboard s ide  of t he  "torque box" i n  which 
t h e  retrorocket motor i s  i n s t a l l ed  with a lightweight Mylar 
panel. An ECP has been submitted requesting authority t o  
proceed with t h i s  change. 

Retrorocket Case Temperature Prediction 

A prediction of retrorocket case temperature versus time is  being prepared. 

Analysis r e s u l t s  w i l l  indicate  how hot t he  retrorocket case becomes before 

burnout. I n  addit ion,  t h i s  analysis w i l l  a s s i s t  i n  evaluation of the  

AS-202 re t rorocket  case fa i lu re .  

Ullage Motor Specific Impulse Change (AS-501 and AS-504) 

An analysis  was made i n  response t o  a NASA inquiry regarding the  e f f ec t  

on excess propellant  quanti ty,  i f  t he  ullage motor spec i f ic  impulse was 

changed from 270 t o  255. It was determined t h a t  the  net reduction i n  

excess propellants i s  i n  t he  order of 7 pounds, assuming propellant 

loadings according t o  current schedules. 



2.2.1 S t ruc tu res  

2.2.1.1 Analysis 

A s tudy was completed of  t h e  Synchronous Orbit  Mission t o  i d e n t i f y  long 

l e a d  t i m e  i tems t h a t  w i l l  be required.  

Structural /Mechanical  supported t h e  inves t iga t ion  of t h e  des t ruc t ion  of 

t h e  S-IVB-503 s t age  during acceptance f i r i n g  countdown a t  t h e  Sacramento 

Tes t  Center on 20 January. Inves t iga t ion  r e s u l t s  a r e  reported i n  Section 4. 

2.2.1.2 Design 

Tankage 

Changes c a l l i n g  out  d i r e c t  current  TIG ( ~ u n g s t e n  I n e r t  l as) welding were 

made t o  drawings of t h e  ( 1 )  l i q u i d  hydrogen f i l l  l i n e ,  feed l i n e ,  and 

chilldown r e t u r n  l i n e  elbows, and ( 2 )  l i q u i d  oxygen chilldown r e t u r n  l i n e  

elbow. This  welding process w i l l  rep lace  t h e  a l t e r n a t i n g  current  TIG 

method previous ly  used. These changes, made t o  increase  t h e  weld q u a l i t y  

of t h e  assemblies,  a r e  e f f e c t i v e  on S-IVB-510 through S-IVB-515 and 

S-IVB-213 through S-IVB-216. 

Forward dome instrumentat ion probe a t t a c h  f i t t i n g  requirement was de le ted ,  

e f f e c t i v e  on S-IVB-213 through S-IVB-216 and S-IVB-507 through S-IVB-515. 

This  f i t t i n g  i s  no longer requi red  because t h e  instrumentat ion probe no 

longer extends t o  t h e  forward dome. Deletion of t h e  f i t t i n g  e l iminates  

a welding opera t ion .  

The forward dome l i q u i d  hydrogen vent  l i n e  bracket  drawing was rev i sed  

because it w i l l  be  i n s t a l l e d  by lockbol t  attachments i n  l i e u  of being 

welded. This  r e v i s i o n  was made e f f e c t i v e  on S-IVB-213 through S-IVB-216 

and S-ID-510 through S-IVB-515. 



Insulation 

Additional drawing revisions are being made to delete balsa wood parts 

from S-IVB-213 through S-IVB-216. These parts, which constituted an 

interim modification of the liquid hydrogen tanks of S-IVB-209 through 

S-IVB-212, were installed around the 112-stud fittings for Orbital Work- 

shop experimentation. This effort to reduce weight and manufacturing 

costs will be completed within the next quarter. 

Orbital Workshop 

In preparation for an Orbital Workshop preliminary design review scheduled 

for April, analyses and layouts are being prepared, including Workshop 

floor, crew quarters, meteoroid shield, and vacuum outlets. 

Additional analyses and inves&igatio~s are being performed on the work- 

shop crew entrance hatch design, The mockup hatch design that was com- 

pleted early this quarter, per ECP 2031, is being reviewed; refinements 

will be incorporated into the layout for a flight-rated quick-opening 

hatch. 

Engineering assistance and direction is being provided in the construction 

of a full-scale mockup of the Orbital Workshop. 

Tank wall attach provisions for the environmental curtain and other work- 

shop requirements are being coordinated with other groups and sections. 

Drawings were revised to delete the requirement for the NASA 10~14504 

equipment hanger fittings from S-IVB-211 through S-IVB-216, per ECP 0683 R2. 

An installation drawing was released, per ECP 2107, to install a 0.002-mil 

aluminum foil coating in the S-IVB-211 liquid hydrogen tank. The coating 

retards flames due to meteoroid penetration. 

Thrust Structure 

Drawings were revised to replace the 0.5-cubic-foot bottle with the 

4.5-cubic-foot bottle, This was accomplished per ECP 0616, to increase 

control gas capability on S-IVB-205 through S-IVB-207. 



Drawings a r e  being revised  t o  provide tube feedthrough provisions i n  

t h e  t h r u s t  s t r u c t u r e  f o r  t h e  l i q u i d  oxygen chilldown pump purge module 

o r i f i c e ,  per  ECP Log 7737. These rev i s ions  w i l l  be e f f e c t i v e  on S-IVB- 

204 and S-IVB-501 through S-IVB-515. 

Impingement Curtains 

The S-IVB/Saturn V impingement c u r t a i n  i n s t a l l a t i o n  drawing was revised  

t o  replace  b l ind  nut requirements with ~ ~ ~ 6 7 9  type nuts  and nutpla tes .  

This  change was made t o  reduce mate r i a l  and manufacturing c o s t s ,  per  an 

employee suggestion. 

Cur ta in  drawings were r ev i sed  t o  add add i t iona l  s t i t c h i n g  t o  t h e  Velcro 

t a p e  t o  e l iminate  t a p e  separa t ion  from t h e  cu r t a ins .  

Pressure  Vessels 

Cold helium b o t t l e  s t r a p  assemblies were revised  t o  replace  t h e  monel 

r i v e t  attachments with ~ 2 8 6  c r e s  hi-lok attachments through t h e  s t r a p s  

and cen te r  t run ion  f i t t i n g .  This change, which e l iminates  a gap between 

t h e  s t r a p s  and t h e  f i t t i n g ,  was made per  FARR ( ~ a i l u r e  and Reject ion 

~ e p o r t s )  Numbers ~ 2 2 8 2 0 0 ,  A233573, and A235551. The change was made 

e f f e c t i v e  on S-IVB-506 through S-IVB-515 and S-IVB-212 through S-IVB-216. 

Spec i f i ca t ion  c o n t r o l  drawings f o r  subcontractor-supplied ambient helium 

b o t t l e s  and f o r  t h e  plenum chamber b o t t l e  have been revised  t o  add a 

requirement f o r  an Eddy current  t e s t .  This t e s t  assures  compat ib i l i ty  

of t h e  weld mate r i a l  with t h e  b o t t l e  parent ma te r i a l .  The rev i s ions ,  

accomplished per  ECP 2130, were made e f f e c t i v e  on a l l  b o t t l e s  i n s t a l l e d ,  

i n  s tock,  o r  a l l o c a t e d  as spares.  

Stage Tunnels 

The a f t  a u x i l i a r y  tunne l  cover was revised  t o  increase  t h e  vent a r e a  from 

3.14 square inches t o  9.42 square inches,  e f f e c t i v e  on S-IVB-206 and 

S-IVB-208 through S-IVB-210, per  ECP 1013. Addit ional  venting was requi red  

because t h e  previous venting path  through t h e  forward s k i r t  was decreased. 



S-IVB Stage 

Drawings were reviewed and revised,  a s  required,  t o  update requirements 

f o r  age con t ro l  items. This e f f o r t  w a s  e f f e c t i v e  on S-IVB-209 through 

S - 1 ~ ~ 0 2 1 6  and S-IVB-505 through S-IVB-515. 

Painting; and Markings 

The S-IVBISaturn V paint ing and markings drawing was revised t o  agree 

with t h e  aft  umbil ical  panel markings required by NASA. The drawing was 

made e f f e c t i v e  on S-IVB-501 through S-IVB-515. 

NASA documents f o r  paint ing and markings on S-IVB-501, S-IVB-502, S-IVB- 

205, and S - 1 ~ ~ 4 0 6  a r e  being reviewed t o  detemiile  t h e i r  compat ib i l i ty  

with Douglas drawings. 

The Saturn I B  paint ing and markings drawing was revised t o  correc t  t h e  

aerodynamic f a i r i n g  loca t ion  markings. This change was brought about 

by ECP 0258, which removed t h e  propellant  d ispers ion detec t ion system 

and r e s u l t e d  i n  a reconfigurat ion of t h e  f a i r i n g s .  

Other e f f o r t  included: 

a. ECP 1197, which modifies t h e  a f t  in te r s t age  

S-IVB i n t e r s t a g e  t e s t .  The shortened a f t  in te r s t age  w i l l  be 

used a s  a loading s t r u c t u r e  f o r  S-I1 t e s t i n g  t o  be conducted 

by North American Aviation. 

b .  ECP 3363, which authorizes t h e  re lease  of drawings t o  add 

f lu t ter -prevent ion s t i f f e n e r s  t o  t h e  outs ide  of t h e  forward 

s k i r t  sk in  f o r  vehic le  staged. For s k i r t s  t h a t  a r e  i n  t h e  

assembly s t age ,  s t i f f e n e r s  w i l l  be added t o  t h e  ins ide  of 

t h e  skin .  

c .  ECP 20573, which e n t a i l s  preparat ion of a  layout  incorporat ing 

design egress f o r  t h e  nonpropulsive l i q u i d  oxygen vents and 

s t r u c t u r a l  changes required t o  .strengthen cutout .  Layout 

prepara t ion i s  progressing. 



2.2.2 Envir~nmenta l  Control 

Actu'at ion Control  Module 

The fol lowing drawings were revised  t o  incorporate t h e  requirement f o r  

precondit'ioning t h e  ac tua t ion  con t ro l  module t o  maintain a l i m i t  of  -30'~: 

a .  1 ~ 6 6 3 8 2 ,  Base Assembly, Actuation Control Module 

b. 1 ~ 6 6 3 8 3 ,  Cover Assembly, Actuation Control Module 

c .  1A67878, Duct, Flanged, Environmental Control ,  Aft I n t e r s t a g e  

d. 1 ~ 6 7 9 7 9 ,  Purging, System I n s t a l l a t i o n ,  Aft In te r s t age  

Updating of  Development F ix tu re  Requirements 

The environmental con t ro l  system development f i x t u r e  drawing ( 1 ~ 8 1 8 7 9 )  

was rev i sed  t o  update development f i x t u r e  requirements f o r  each s tage .  

Prevention of  Overpressurizat ion of Freon B o t t l e  

Documentation has been re lease6  t o  r equ i re  t h a t  ( 1 )  t h e  gaseous ni trogen 

f a c i l i t y  va lve  be c losed during R-12 Freon l eak  checking, and ( 2 )  t h e  

R-12 Freon b o t t l e  be disconnected when not i n  use. This requirement 

e l imina tes  t h e  p o s s i b i l i t y  of t h e  Freon b o t t l e  becoming overpressurized.  

S-IVB-209 Purge and Prepara t ion  f o r  Shipment t o  t h e  Sacramento Test  Center 

On 3 March, prepara t ions  were begun f o r  i n s t a l l i n g  hardware from t h e  

Model ~ ~ ~ - 4 ~ - 1 8 6 2 ,  Purge K i t ,  i n t o  S-IVB-209. The purge, commenced on 

6 March, w a s  completed on 7 March. Following t h e  purge, t h e  des iccant  

system covers were i n s t a l l e d .  

S-IVB-209 w a s  shipped from Huntington Beach t o  t h e  Sacramento Tes t  Center 

on 9 March. 



2.2.3 Ordnance 

Investigation of Ullage Rocket Jettison Fuse Rupture 

An investigation of an incident of confined detonating fuse ruptures 

reported in qualification test report SM-53172 (TPI AE-5 ) . was completed 

in January. The report concluded that the system was qualified and that 

the ruptures did not constitute a failure. Complete confinement was not 

established as a requirement for this application. 

Engineering investigation indicated a likelihood that parts exhibiting 

rupture were manufactured from an inferoir lot of raw material. 

New confinement requirements were defined by Change Order 982 and CL 

6-1568. Additional production acceptance tests were conducted by firing 

30 feet of fuse material from a particular lot and two particular fuse 

assemblies returned from Kennedy Space Center. Test results demonstrated 

that the three specimens met the newly defined confinement requirements, 

and provided assurance that parts in the field made from the same lots 

will not rupture. 



2.2.4 I n s t a l l a t  ions 

2.2.4.1 Analysis 

Liquid Hydrogen Col lec tor  Manifold 

A s tudy of  a c o l l e c t o r  manifold t o  provide improved f u e l  u t i l i z a t i o n  

and b e t t e r  l i q u i d  hydrogen t ank  pass ivat ion  was i n i t i a t e d  i n  cooperation 

wi th  t h e  Douglas Propulsion Department. Several  i n s t a l l a t i o n  approaches 

were inves t iga ted  and layout  drawings i l l u s t r a t i n g  t h e  respect ive  advan- 

t a g e s  were prepared. 

Synchronous Orbi t  Mission 

Accommodations f o r  various f l i g h t  hardware were reviewed i n  response t o  

r ev i sed  proposed mission study ground r u l e s .  

Liquid Oxygen Nonpropulsive Vent 

Severa l  approaches t o  t h e  design and i n s t a l l a t i o n  of t h i s  system a r e  

c u r r e n t l y  being reviewed. One system proposed consis ted  of using a 

duct  i n s t a l l a t i o n ,  s i m i l a r  t o  t h a t  successful ly  employed i n  t h e  AS-203 

l i q u i d  hydrogen experiment, p lus  venting out through t h e  i n t e r s t a g e .  

Other systems under considerat  ion  were ( 1) an ex te rna l  wrap-around vent  

duct mounted on t h e  a f t  s k i r t ,  and ( 2 )  an i n t e r n a l  wrap-around duct 

mounted on t h e  t h r u s t  s t r u c t u r e  and venting out  through t h e  a f t  s k i r t .  

The l a t t e r  approach was t e n t a t i v e l y  se lec ted  by t h e  Systems Development 

Office f o r  f u r t h e r  study. This study i s  cu r ren t ly  under way. 

Liquid Hydrogen Nonpropulsive Vent 

A genera l  arrangement o f  t h i s  system was se lec ted  from severa l  proposed. 

The system s e l e c t e d  uses  a modified oxygen-bydrogen burner hydrogen feed 

valve  mounted i n  t h e  forward s k i r t .  Layout drawings exploring t h e  i n s t a l l -  

a t i o n  requirements a r e  being prepared. 



Dual Launch Mission 

Accommodations were established for revisions in hardware installation 

for the dual-launch mission proposal in its present form, No production 

drawing changes were initiated pending authorization to proceed. 

2.2.4.2 Design 

Dual Repressurization System 

Modification drawings were completed for S-IVB-503 through S-IVB-506. 

Production drawings were completed for S-IVB-507 through S-IVB-515. The 

oxygen-hydrogen burner vacuum-jacketed liquid oxygen feed duct failed 

during vibration testing (TPI AH-6). Additional supports were provided 

as a result of this failure. 

Ambient Helium Bottle 

ECP 0616 authorized the installation of one 4.5-cubic-foot ambient helium 

bottle for S-IVB-205 through S-IVB-207. Rework SEO 1A95637-002 was 

released for S-IVB-205 and S-IVB-207, to be followed by production changes. 

S-IVB-206 was handled by DCRSEO to be followed with production changes. 

Additional Fli~ht Measurements, S-IvB-504 

Douglas has been directed to provide additional flight measurements on 

S-IVB-504 in order to approximate AS-503 mission objectives. Included 

in the work currently in process are major revisions to the support 

installations in the forward and aft skirts, new wire panels, and the 

addition of another signal-conditioning rack in forward skirt panel 

position No. 9. Releases are approximately 30 per cent complete. 

Revisions to Thermoconditioning Supply Line Support Installation 

The upper support was completely redesigned to accommodate variations in 

fabrication and assembly of the supply line, and the location of the 

support fitting in the Instrument Unit. The effort required to prepare 

a PIRN (preliminary Interface Revision ~otice) was completed. The 

design changes will require MSFC ECP approval. 



Revisions t o  Thermoconditionin~ Return Line Support I n s t a l l a t i o n  

Structural/Mechanical was advised by Douglas representa t ives  a t  Kennedy 

Space Center t h a t  IBM had redesigned t h e  re tu rn  l i n e  by adding a hex 

f i t t i n g  at t h e  clamping point .  Since t h i s  change was not previously 

coordinated with Douglas, ECP Log No. 7751 was prepared request ing 

au thor iza t ion  t o  r e v i s e  support d e t a i l s  and I C D ' s  ( ~ n t e r f a c e  Control 

~ r a w i n g s ) .  Although NASA has acknowledged t h e  problem and t h e  need f o r  

a s o l u t i o n ,  t h e  change has not been authorized pending submit ta l  of a 

formal ECP with a PIRN. Ef fo r t  required  f o r  t h e  PIRN was completed. 



2.3 Electronics 

2.3.1 Analysis 

2.3.1.1 Networks 

Electronics supported t he  invest igat ion of t h e  destruction of t he  

S-IVB-503 s tage during acceptance f i r i n g  countdown a t  t h e  Sacramento 

Test  Center on 20 January. Investigation r e s u l t s  a re  reported i n  

Section 4. 

An invest igat ion was conducted t o  determine usage of the  10-ampere 

general  purpose re lay.  Relay f a i l u r e s  during Qual i f icat ion Testing indi-  

cated a moisture problem. Functions and c r i t i c a l i t y  were l i s t e d  and 

forwarded t o  t he  ProJect Office. 

Power studies were updated f o r  S-IVB-206, S-IVB-209, and S-IVB-504 based 

on new information pertaining t o  sequence of events. A computer program 

which tabula tes  instantaneous current ,  voltage,  instantaneous power, and 

expended energy i s  now functional.  The program w i l l  a l so  p lo t  t he  load 

p r o f i l e  (current  versus time) . 

An invest igat ion was made t o  determine usage of the  2-ampere general 

purpose re lay.  A l i s t  of usage and recommendations f o r  replacement was 

defined. 

A preliminary f e a s i b i l i t y  invest igat ion was performed on in s t a l l i ng  cables 

and l i g h t s  i n  t he  l i q u i d  hydrogen tank t o  support t he  o r b i t a l  workshop. 

Preliminary r e s u l t s  indicate  many problems associated with connectors and 

l i g h t s .  More de ta i led  information w i l l  be available by the  next repor t  

period. 

2.3.1.2 Subsystem 

A s i l i c o n  backup chilldown inver te r  i s  being studied a t  NASA request. A 

repor t  has been submitted t o  NASA de ta i l ing 'Fa i lu re  Reports wri t ten 

against  t h e  chilldown inver ter .  



Methods f o r  r e s t a r t i ng  t he  propellant  u t i l i z a t i o n  system a t  a Reference 

Mixture Ratio of 4.5 :1 have been submitted a t  NASA request. Methods t o  

i n i t i a l i z e  the  propellant  u t i l i z a t i o n  system were a l so  submitted. A l l  

modifications t o  implement these changes w i l l  be external  t o  t he  propel- 

l a n t  u t i l i z a t i o n  box. 

Crew safe ty  and mission accomplishment d e t a i l s  were.prepared f o r  Kennedy 

Space Center personnel involved with the  propellant u t i l i z a t i o n  system, 

chilldown inver te r ,  s tage ba t t e r i e s ,  and exploding bridgewire f i r i n g  

un i t s .  

The la rge  Delta R temperature bridge (1A98088) i s  being redesigned a t  

NASA request t o  increase t he  temperature range. 

2.3.2 Design 

2.3.2.1 Networks 

Design i s  under way on a high performance oxygen-hydrogen burner. New 

thermal probe locations and new temperature ranges fo r  burner flameout 

a r e  required. Completed system requirements w i l l  be available by the  

next repor t  period. The S-ID-504 stage has been modified t o  add research 

and development measurements a s  a r e su l t  of the  destruction of S-IVB-503. 

A l l  system design i s  complete with no FM/FM k i t  o r  tape recorder ins ta l led .  

Design is i n  progress on a passivation k i t  t o  insure S-IVB hydrogen tank 

sa f e ty  f o r  manned occupancy. The system incorporates provisions f o r  

venting all high pressure vessels and dumping res idual  propellants. 

During S-ID-204 t e s t i n g  a t  Kennedy Space Center, an excessive number of 

cycles accumulated on the  auxi l iary  propulsion system re lay  packages. The 

problem was t raced t o  incompatibil i ty between the  Overall Test and s t ab l e  

t a b l e  operating time i n  t he  Instrument Unit. The t e s t  h is tory and recom- 

mended ac t ion  i s  being documented. 



During S-IVB-208 and S-IVB-209 Space Systems Center Ver t ical  Checkout 

Laboratory t e s t s  a res idual  voltage was present on t h e  engine control  

bus 'with engine cutoff  "on." Analysis revealed t h a t  t h i s  condition 

would be expected due t o  t r a n s i s t o r  leakage current .  

Exploding bridgewire pulse sensors have been act ing e r r a t i c a l l y  during 

subsystem t e s t i n g ,  Pulse sensors were being rese t  f o r  no apparent 

reason. After  t e s t i n g  on a u n i t ,  there  i s  a design deficiency t h a t  

allows t h e  pulse sensors t o  be r e se t  with a negative going spike on t he  

power bus. Invest igat ion r e s u l t s  a re  being documented. 

2.3.2.2 Subsystem 

An Engineering Change Proposal has been i n i t i a t e d  f o r  re lay  control  

package ( 1B57731-1) s e a l  redesign. The welded assembly w i l l  be replaced 

with a gasket-sealed assembly. The vendor cannot economically produce 

welded assemblies a t  a r a t e  commensurate with Douglas schedule require- 

ment s. 

The helium heater  exci ter- igni t ion system f a i l e d  a f t e r  "hard mount" 

v ib ra t ion  t e s t i n g  a t  Wiley Laboratories. Fai lure  analysis  revealed t h a t  

t h e  i gn i t o r  was damaged causing an open c i r c u i t .  Further analysis  

revealed t h a t  "hard mount" vibrat ion leve l s  exceeded system requirements, 

The u n i t  w i l l  be repaired and subjected t o  vibrat ion on t h e  next assembly 

(AH-25) 

Douglas and Deutsch have f i e l d  reworked center coaxial  contacts of a l l  

cryogenic feedthrough connector assemblies fo r  S-IVB-205, S-IVB-211, 

S-IVB-212, S-IVB-501, S-IVB-506, and S-IVB-507. 

I n  conjunction with t h e  above rework, misassembled coaxial  contacts i n  

t h e  i n t e rna l  cryogenic feedthrough were discovered. Misassembly con- 

s i s t e d  of ( 1 )  t h e  use of external  type contacts,  which presents a l i qu id  

oxygen incompatibil i ty problem, and (2)  improper assembly of d e t a i l s ,  

r e su l t i ng  i n  recessed contacts.  The Douglas Process System has been 

c l a r i f i e d  t o  prevent recurrence and a l l  i n t e rna l  coaxial  contacts a r e  

being replaced. 



High Re l i ab i l i t y  pa r t s  a re  being received f o r  modules t o  be b u i l t  f o r  

t e s t i n g  under t h e  High ~ e l i a b i l i t y  Program. Systems involved include 

propellant  u t i l i z a t i o n ,  5-volt module, and chilldown inver ter .  The 

propellant  u t i l i z a t i o n  system valve amplifier module and o s c i l l a t o r  

d r iver  module have been b u i l t  and successfully tes ted.  The un i t s  a re  

now being encapsulated. 

Two harness i n s t a l l a t i o n  books (forward s k i r t  and in t e rna l  tanks ins ta l -  

l a t i o n )  have been released for  addi t ional  S-IVB-504 f l i g h t  measurements. 

A l l  drawings were released by the  end of March and development f i x tu re  

engineering development i s  complete. Electronic equipment and transducer 

i n s t a l l a t i o n s  a r e  complete. 

The automatic passivation system modification i n s t a l l a t i on  drawing i s  

30 per cent complete. 

During t h e  s t r e s s  corrosion susceptible pa r t s  invest igat ion,  m 2 6  bo l t s  

used f o r  ba t te ry  i n s t a l l a t i o n  were revealed t o  be susceptible t o  s t r e s s  

corrosion. Bat ter ies  are  i n s t a l l ed  72 hours p r io r  t o  launch and the  time 

element precludes a corrosion problem. Also t he  E W B ~ ~  bol t  i s  designed 

t o  take  torque values of 150 t o  180 inch/pounds and t h e  i n s t a l l a t i on  

drawings c a l l  f o r  140 t o  150 inch/pounds; therefore ,  bo l t s  a re  not s t ressed 

t o  t h e i r  l i m i t s .  The E W B ~ ~  bo l t  i s  the  only bo l t  available meeting 

requirements of t h e  bl ind nut used by Structures consist ing of a 

BN-330-428-2 sleeve and BB-341-12 expander without designing a new bo l t .  

A s  a solut ion t o  t h i s  problem, an expedited Engineering Change Proposal 

and an Engineering Work Order were submitted on 10 March t o  design a 

12-point external  wrenching 200,000-psi bo l t .  



2.4 Weinht S ta tus  

Current weight s t a t u s  on a l l  contracted S-IVB f l i g h t  stages i s  indicated 

below. 

More de t a i l ed  weight information is  presented i n  Douglas repor t  DAC-56536: 

Saturn S-IVB Weight and Balance S ta tus  Report Model DSV-4~, dated 

1 5  March 1967. 

SPECIFICATION 
WEIGHT MINUS 
BEST AVAILABLE 

WEIGHT 

1,269 
1,270 

945 
177 

314 
399 
217 
358 
161 
152 
118 
118 

320 
433 
73 5 

530 
256 
261 

(1) Based upon f i n a l  a c tua l  weighing 

(2 )  Based upon Space Systems Center ac tua l  weighing 

(3 )  F ina l  dry weight 

NOTE: Current dry weight per weight record i s  used a s  bes t  avai lable  
weight where measured weight en t r i e s  a r e  nonexistent. 

S-IVB 
STAGE 

NO. 

201 
202 
203 
204 

205 
206 
207 
208 
209 
210 
211 
212 

501 
502 
503 

504 
505 
506 

CURRENT DRY WEIGHT 
PER WEIGHT 

RECORD 

23,456 
23,505 
25,145 
23,936 

22,143 
22,065 
22,012 
22,032 
22,078 
22,082 
22,116 
22,116 

26,701 
26,578 
26,483 

24,879 
24,884 
24,949 

C ~ R E N T  DRY 
SPECIFICATION 

WEIGHT 

24,555 
24,576 
26,143 
23,823 

22,262 
22,140 
22,129 
22,141 
22,239 
22,234 
22,234 
22,234 

26,763 
26,797 
27,020 

25,142 
25,140 
25,210 

CURRENT 
MEASURED STAGE 

DRY WEIGHT 

23,286 (3 )  
23,306 (3 )  
25,198 (3 )  
23,646 (1)  

21,948 (2 )  
21,741 (1)  
21,912 (2 )  
21,783 (2)  

N/A 
N/A 
N/A 
N /A 

26,443 (1) 
26,364 (1) 
26,285 (3)  

24,612 (2)  
N/A 
N/A 



AS-204 Maximum Heating Trajectory Evaluation 

A thermal analysis was made to determine stage compatibility with the 

AS-204 maximum heating trajectory. Results were used to establish stage 

external insulation requirements for S-IVB-204 and subsequent S-IVB/IB 

stages per MSFC direction. 
- 

S-IVB/Saturn V General Protuberance Heat Transfer Test 

Evaluation of protuberance heat transfer test data has been completed 

and results have been published. 

S-IVB/Saturn V Propellant Heating Analyses 

Analysis was made of S-IVB-501 liquid hydrogen heating utilizing AS-203 

flight data. Maximum and minimum heating values were determined. 

S-IVB/Saturn V Fuel Tank Ullage Heating ktaluation 

Thermal analyses to determine the predicted range of hydrogen tank 

ullage heating rates for S-IVB-501 have been completed. 

S-IVB/Saturn IB and V Cold Plate Analyses 

Analysis to determine the heat loss from S-IVB stage cold plates and 

associated components has been completed. Maximum heat losses were 

determined for the operational configurations of S-IVB/Saturn IB and V 

stages. 

S-IVB/Saturn IB Dual Launch Component Thermal Evaluation 

Component heating analyses were completed for the Dual Launch Mission. 

Passive thermal protection requirements for propulsion and electronic 

components have been defined. 

S-IVB/Saturn IB and V Propulsion Component Temperatures 

Analyses were made to determine maximum and/or minimum temperatures of 

the actuation control module, continuous vent regulator, gaseous hydrogen 

vent disconnect, and pneumatic angle valve. 

S-IVB/Saturn V Low-Density Plume Impingement Test 

Model fabrication and test setup have been completed and calibration and 

facility verification runs are in progress. 



2.6 F l i g h t  Dynamics and Control 

Control System Analysis 

The S-IVB-207 s tage  con t ro l  system design assurance analys is  was completed 

and r e s u l t s  were t ransmit ted  t o  MSFC during February. Analysis r e s u l t s  showed 

t h a t  S-IVB-207 con t ro l  system s t a b i l i t y  margins a r e  acceptable under a l l  

expected parameter va r ia t ions .  

The S-IVB-504 s tage  con t ro l  system shaping network recommendation t ransmit ted  

t o  MSFC during March recommended t h a t  S-IVB-503 shaping networks be used i n  

t h e  S-IVB-504 con t ro l  system. 

&IVB/Saturn V Coast At t i tude  Control System/Sloshin~ In te rac t ion  

An analog simulat ion t o  evaluate  t h e  in te rac t ion  between propellant  s loshing 

and t h e  a t t i t u d e  con t ro l  system during o r b i t a l  coast  has been completed. 

Prel iminary simulat ion r e s u l t s  show t h a t  propellant  s loshing motion (pr imar i ly  

l i q u i d  oxygen) causes a s i g n i f i c a n t  increase i n  a u x i l i a r y  propulsion system 

propel lant  consumption required to-perform a t t i t u d e  maneuvers. Incorporat ion 

of l i q u i d  oxygen s losh  b a f f l e s  near t h e  l i q u i d  oxygen f l u i d  surface l e v e l  

during t h e  coast  period r e s u l t e d  i n  a s l i g h t  savings of aux i l i a ry  propulsion 

system prope l l an t .  However, a u x i l i a r y  propulsion system propellant  reserves  

a r e  adequate f o r  t h e  AS-501 through AS-503 missions without add i t iona l  s losh  

b a f f l e s .  Therefore, add i t iona l  l i q u i d  oxygen b a f f l e s  a r e  not required  f o r  

t h e s e  missions. Inves t igat ions  a r e  continuing t o  determine a u x i l i a r y  propulsion 

system propel lant  requirements on subsequent Saturn V missions. 

S-IVB Stage Thrust Variat ion Predic t ions  

Analysis w a s  conducted t o  determine t h e  e f f e c t  of propellant  u t i l i z a t i o n  system 

modificat ions on S-IVB s tage  t h r u s t  va r i a t ions .  These modifications cons i s t  

of a p rope l l an t  u t i l i z a t i o n  s losh  f i l t e r  and propellant  mass sensor reshaping. 

Propel lant  u t i l i z a t i o n  system modifications reduced t h r u s t  v a r i a t i o n s  e f fec ted  

by propel lant  u t i l i z a t i o n  system non l inea r i t i e s ;  however, t h r u s t  v a r i a t i o n  

l i m i t s  e s t ab l i shed  by MSFC (some of which a r e  not e f fec ted  by propel lant  

u t i l i z a t i o n  modificat ions)  w i l l  not be met i n  a l l  cases. 



Contract End Item Spec i f i ca t ion  Thrust Variat ion Limits 

A s tudy has been completed t o  determine S-IVB s tage  t h r u s t  v a r i a t i o n  l i m i t s  

t o  be  incorporated i n  t h e  Contract End Item spec i f i ca t ions  f o r  s tages  S-IVB-204 

through S-IVB-212 and S-IVB-501 through S-IVB-515. Contract End Item spec i f i -  

c a t i o n  t h r u s t  ;a r ia t ion  l i m i t s  were t ransmit ted  t o  MSFC during March. 

Sequence of Events 

Severa l  sequence of events  I n t e r f a c e  Control Drawings and I n t e r f a c e  Revision 

Notices were reviewed f o r  compat ib i l i ty  with S-IVB s tage  design and operat ion.  

Resu l t s  of t h e s e  reviews have been t ransmit ted  t o  MSFC. The sequence of events  

f o r  t h e  following veh ic les  were reviewed. 

Vehicle - I C D  

AS-206 4 0 ~ 3 3 6 0 6 ~  

AS-207 40~33697 

AS-208 40~33608 

AS-501 4 0 ~ 3 3 6 2 1 ~  

O r b i t a l  Workshop 

The i n v e s t i g a t i o n  of t h r u s t  vector  con t ro l  system requirements during o r b i t a l  

workshop pass iva t ion  propel lant  dumps has been completed. Resul ts  w i l l  be 

t r ansmi t t ed  t o  MSFC i n  Apr i l .  

AS-204 and AS-501 Al ternate  Mission Analysis 

I n  response t o  Change Order 1053, a  review of t h e  NASA Apollo F l igh t  Mission 

Assignments Document M-D MA 500-11, SE 010-000-1, dated J u l y  1966, was performed 

t o  determine a l t e r n a t e  mission compat ib i l i ty  with t h e  S-IVB s tage .  It was 

determined t h a t  i n  a l l  i n s t ances ,  except f o r  t h e  case of AS-5011s-IC f l i g h t  

wi th  one engine inopera t ive  i n  a  windlgust environment, t h a t  t h e  S-IVB s tage  

i s  capable of performing t h e  spec i f i ed  a l t e r n a t e  missions. The ana lys i s  

r e s u l t s  show t h a t  on AS-501 f o r  an S-1C engine out  i n  t h e  windlgust environment 

t h a t  S-IVB s tage  design loads  a r e  exceeded and t h a t  con t ro l  of t h e  launch 

v e h i c l e  may be l o s t .  Analysis r e s u l t s  w i l l  be t ransmit ted  t o  MSFC i n  Apr i l .  



2.7 St renqth  

2.7.1 S-IVB/Saturn I B  

S t r e s s  ana lys i s  has been s t a r t e d  on Orb i t a l  Workshop s t r u c t u r a l  components. 

This e f f o r t  includes unique hardware such a s  t h e  Orb i t a l  Workshop f l o o r ,  

wa l l s ,  pass ivat ion system, and meteoroid bumper, as  wel l  a s  t h e  e f f e c t  

t h e s e  items w i l l  have on t h e  bas ic  S-IVB s tage  s t ruc tu re .  Suf f i c ien t  

prel iminary ana lys i s  i s  being performed t o  assure  s t r u c t u r a l  capab i l i ty  

f o r  t h e  Apr i l  Preliminary Design Review. F ina l  s t r e s s  ana lys i s  w i l l  be 

documented similar t o  o the r  s t r e s s  ana lys i s  packages and t ransmit ted  t o  

NASA/MSFC. 

A s tudy w a s  performed on S-IVB-204/As-204 Backup Mission loads ,  including 

t h e  e f f e c t  of f i r s t  s tage  engine out .  Study r e s u l t s  ind ica te  t h e  S-IVB 

s tage  i s  not c r i t i c a l  f o r  t h e  s ide  wind load condition normally imposed 

a t  maximum cuq ( t h e  type of load c r i t e r i o n  used i n  t h e  past) .  However, 

t r a j e c t o r i e s  and wind loads t ransmit ted  t o  Douglas by NASA a l s o  included 

a new c r i t e r i o n  of head wind loads.  Inves t igat ion of t h i s  new c r i t e r i o n  

i n d i c a t e s  inadequate S-IVB s t r u c t u r a l  capab i l i ty .  This information has 

been t r ansmi t t ed  t o  NASA/MSFC. 

S t r e s s  ana lys i s  has been performed i n  various functions t o  support inves- 

t i g a t i o n  of t h e  S-IVB-503 s tage  nalfunction.  These include s tud ies  of 

ambient helium sphere pressure and s t r e s s  l e v e l s ,  wind and b l a s t  load 

e f f e c t s  on t h e  S-In-503 s tage ,  a s  wel l  a s  t h e  S-IVB-208 s t a g e ,  and 

e x i s t i n g  s t r e s s  l e v e l s  i n  t h e  propellant  tankage a t  t h e  time period j u s t  

p r i o r  t o  t h e  explosion. 

Prel iminary inves t iga t ion  of t h e  maximum crq loads with one engine out 

f o r  t h e  Saturn V veh ic le  ind ica tes  inadequate s t r u c t u r a l  capab i l i ty .  This 

problem i s  being s tudied f u r t h e r  with a  p o s s i b i l i t y  of panel t e s t s  t o  

determine i f  redesign i s  necessary. 



D e t a i l  s t r e s s  ana lys i s  has been completed f o r  t h e  S-IVB-501 forward s k i r t ,  

a f t  s k i r t ,  a f t  i n t e r s t a g e ,  a u x i l i a r y  propulsion system module, t h r u s t  

s t r u c t u r e ,  and tunnels .  This ma te r i a l  has been compiled and t ransmit ted  

t o  NASA/MSFC. The propel lant  tankage d e t a i l  s t r e s s  ana lys i s  i s  nearing 

completion. 

T h i s . e f f o r t  i s  dependent upon f i n a l  comparison t o  t e s t  r e s u l t s  from t h e  

Hydrostat ic  No. 2 t e s t .  The areas  f o r  comparison a r e  t h e  forward dome/ 

s k i r t  t o  cy l inder  j o i n t ,  t h e  a f t  domelskirt  t o  cyl inder j o i n t ,  and t h e  

common bulkhead t o  a f t  dome j o i n t .  

Inves t iga t ion  of  i n s u l a t i o n  removal from t h e  oxygen-hydrogen burner f o r  

temperatures and loads  on t h e  ambient helium spheres mounted on t h e  t h r u s t  

s t r u c t u r e  has been completed. Results  ind ica te  t h e  ambient helium sphere 

i n s t a l l a t i o n  i s  l e s s  c r i t i c a l  f o r  t h e  oxygen-hydrogen burner f i r i n g  o r  

hea t ing  e f f e c t  t han  f o r  normal ambient loads. 

2.7.3 S-IVBISaturn I B  and V 

To support t h e  e f f o r t  involved i n  t h e  S-IVB-503 s t age  malfunction, ana lys i s  

i s  being performed t o  a s s i s t  i n  t h e  rebui ld ing of t h e  Sacramento Test  Center 

Beta 3 Test  Stand. Addit ional  e f f o r t  i s  being supplied f o r  t h e  proposed 

b l a s t  protec t ior .  modificat ion.  

D e t a i l  s t r e s s  ana lys i s  of t h e  l i q u i d  hydrogen f i l l  and d ra in  l i n e  assembly 

has been completed and documented with copies t ransmit ted  t o  NASAIMSFC. 

An inves t iga t ion  was performed on t h e  l i q u i d  oxygen and l i q u i d  hydrogen 

feed l i n e  bellows a f t e r  c racks ,  with a consequent l o s s  of vacuum, were 

discovered during q u a l i f i c a t i o n  t e s t i n g .  Analysis,  l a t e r  confirmed by 

inspect ion ,  ind ica ted  a random assembly in te r fe rence  on a l a t e r  configurat ion 

produced a s t r e s s  r i s e r  and consequent f a i l u r e  i n  t h e  bellows weldment. 

Nondestructive inspect ion  techniques (x-ray) were used t o  s e l e c t  components 

t h a t  could meet f l i g h t  worthiness c r i t e r i a .  A minimum assembly gap w a s  

ca lcu la ted  based on t h e  i n s t a l l a t i o n  and opera t ional  loads f o r  t h e  bellows 

assembly. 



2.8 Reliability 

2.8.1 Reliability Analysis 

2.8.1.1 Reliability Engineering Models and Supplements 

The S-IVB-209 Reliability Engineering Model was submitted to MSFC on 

27 February. Models for S-IVB-210, S-IVB-505, and S-IVB-506 are being 

prepared. 

Flight Critical Items Second Tier Analysis 

second Tier Analysis effort' for various stage items continued during the 

quarter. All analyses were completed by the end of March. 

Time/Cycle Significant Items 

Establishment of a new criterion for the auxiliary propulsion system 

bellows assembly (1~67911-503 and -505) was documented. The new criterion 

is 3,000 inches of linear travel. 

Agreement was reached during the period on meeting bladder cycle collection 

requirements by Bell Aerospace. 

Cycle criterion on the control relay package is being clarified. The 

present criterion is 25,000 cycles, by NASA direction, but the applicable 

relay specification indicates that a greater cycle criterion would be 

more realistic. 

Multifailure Analyses 

The Depletion Sensor System Multifailure Probability Analysis was released. 

A report on the Multifailure Analysis of the S-IVB Stage Severance Sub- 

system is nearing completion. 

A report on the Multifailure Analysis of Quad Redundant Auxiliary Pro- 

pulsion System Propellant Valve was completed during the quarter. 



Reliability Prediction and Criticality Determinations 

The S-IVB-209 stage prediction was computed during the period. 

A revised probability was calculated for failure of the thrust OK 

pressure switches to tranbmit a dropout indication at the end of J-2 

engine burn. 

Computer loading and key punching for S-IVB-210 stage predictions were 

initiated. 

Failure Effect Analysis of Ground Support Equipment 

Douglas Report DAC-56520: Failure Effect Analysis and Criticality 

Determination for Selected S-IVB Ground Support Equipment, was submitted 

to MSFC in February. 

2.8.1.2 Test Report and Test Drawing Review 

Reliability Analysis reviewed the following reports, drawings, and 

procedures: 

Returned to 
Tot a1 Tot a1 Design Sect ions 

Reviewed Approved for Corrections 

Qualification Test Reports 7 6 73 18 

Formal Qualification and Reli- 
ability Verification Test 
Procedures 11 10 

Formal Qualification Test Reports 2 2 

Qualification Test Test Control 
Drawings (~ew) 6 6 

Qualification, Formal Qualification, 
and Reliability Verification Test 
Test Control Drawing Engineering 
Orders 90 



2.8.1.3 Reliability Assessment 

Douglas Report DAC-56532: Reliability Assessment, Saturn S-IVB Stage, 

503 MissionL was submitted to MSFC in March. 

2.8.1.4 Formal Design Reviews. 

Formal Design Reviews held on Flight Critical Items and Special Attention 

Items during the quarter are noted below. 

Part Numbel Item 

lB58005 Oxygen-Hydrogen Burner Pneumatic System Installation 

1~62676 Oxygen-Hydrogen Burner Installation 

1~62933 Oxygen-Hydrogen Burner Schematic 

1~62600 Welded Oxygen-Hydrogen Burner Assembly 

1~63385 Oxygen-Hydrogen Burner Control System Schematic 

2.8.1.5 Engineering Drawing Reviews 

Documentation reviewed and approved during the quarter included 1 Vendor 

Information Request, 7 Waiver Requests, 57 Engineering Orders, 29 Pro- 
duction Acceptance Test Engineering Orders, 10 Drawings, and 1 Memorandum 

Engineering Order. 

2.8.1.6 Malfunction Detection System Design Analysis Status 

The S-IVB-503 revised analysis and the S-IVB-504 preliminary analysis were 

delivered to MSFC during February. Effort is in process on the S-IVB-505 

preliminary analysis and the S-1VB-!504 revised analysis. 

Orbital Workshop Support Activities 

Reliability Engineering provided support for various Orbital Workshop 

stage modification and preliminary design review activities during the 

quarter. 



2.8.2 Human Engineering 

Human Engineering evaluated and approved drawings for two access platforms 

for use in the Vertical Checkout Laboratory for installation and removal 

of auxiliary propulsion system units from S-IVB stages. 

Layout of the thermoconditioner/oxygen analyzer control panel for the 

sacramento Test Center Beta Complex Test Control Center to be used during 

stage static firings was evaluated and Human Engineering recommendations 

were submitted. 

A Human Engineering evaluation was performed on handling of cold helium 

spheres at the Sacramento ~est Center Kappa Complex. A recommendation 

is being prepared. 

Human Engineerin6 participated in $he Systems Safety Operations Review 

of the Auxiliary Frapulaion System CheekouC Laboratory. 

2.8.3 Reliability Data Acquisition 

2.8.3.1 Subcontractor and Supplier Control 

The Calmec Company was visited during the quarter to coordinate and expedite 

reliability data on the cold helium fill module (1~57781), which is a 

Flight Critical Item. 

Reliability Engineering reviewed 69 Vendor Information Requests and 3 

Design Drawing Reviews covering vendor submittals during the quarter. 

2.8.3.2 Failure Reporting and Corrective Action 

Reliability Engineering participated in a failure analysis on a pressure 

switch (7851847-535, Serial Number 100) at the Frebank Company, Glendale, 

California during January. 



2.8.3.3 Reliability Case Analysis Presentation 

The monthly RECAP report for the period ending 13 January, containing 

1,439 items, was submitted to NASA on 16 January. The report for the 

period ending 13 February, containing 1,276 items, was submitted on 14 

February. The report for the period ending 13 March, containing 1,425 

items, was submitted on 14 March. 

2.8.3.4 Traceability 

Approximately 4,000 drawings and drzving changes were reviewed for 

identification/traceability requirements; 55 drawings were processed for 

additional requirements, effectivities, and incorporation in the Ident- 

if ication/Traceability Parts List, 



2.9 Component Standards 

Component Standards a c t i v i t i e s  during t h e  quar ter  a r e  noted below. 

Maintaining and coordinating t h e  Approved Par t s  L i s t s  included processing 

50 reques t s  f o r  t h e  approval of p a r t s  and adding 58 approved p a r t s ,  

mechanical and e l e c t r i c a l ,  t o  t h e  GSE and Vehicle Approved Par t s  L i s t s .  

Monitoring p a r t s  t e s t i n g  included: 

a. Test ing p a r t s  from t h e  Riedon Company a s  a second source t o  
Res i s to r  Spec i f i ca t ion  1A77189. 

b. Test ing on Raytheon t r a n s i s t o r ,  2N2102, Drawing ~ 8 8 7 2 2 ,  t o  
determine power.handling c a p a b i l i t i e s .  . .  , , 

c. Documenting t h e  q u a l i f i c a t i o n  t e s t  r e s u l t s  of Texas Instruments 
semiconductor, PIN 1~96573-1 (IN-R-QUAL-66-17). 

d. Evaluating and qual i fy ing Bendix semiconductor, P/N 1~54541-501, 
by s i m i l a r i t y  t o  3~54341-1. 

e .  I ssuing an S-IVB Test Plan Change Requests on r e l a y s ,  
P/N1s 1B50992-505, 1~66899-1, and 1~66900-501, t o  authorize 
q u a l i f i c a t i o n  t e s t i n g .  

f .  Evaluating t e s t  da ta  f o r  high r e l i a b i l i t y  chopper, PIN 1B53353-1. 

P a r t i c i p a t i n g  i n  p a r t s  f a i l u r e  analys is  included: 

Performing f a i l u r e  analyses on r e l a y s ,  P/N 1~58584-501; and on 
re lays  PIN'S lB50992-501 and -503. 

Evaluating f a i l u r e  analyses performed on diodes, J A N  1 ~ 6 4 9  ; 
JAN 1N3001B; UT 265; PIN 1B66308-1; J A N  1 ~ 1 2 0 6 .  

Evaluating f a i l u r e  analyses on t r a n s i s t o r s ,  P/N1s 1B52282-1; 
1A89618-501 and -1 ; 1~52283-1; 1~88722-1. 

Performing f a i l u r e  ana lys i s  on Bourns 1 ~ 1 6 2 9 8  high r e l i a b i l i t y  
potentiometers. 

Performing f a i l u r e  analyses on bus connector, 1B57771. 

Performing f a i l u r e  analyses on Kemet s o l i d  tantalum capaci tors ,  
P/N ~ 0 8 4 5 .  

Inves t iga t ing  f a i l u r e s  involving microswitch, P/N 1 H M 1 ,  i n  
valves .  

Performing f a i l u r e  examination on e l e c t r i c a l  plug, lB37872. 

Performing f a i l u r e  ana lys i s  on 1B29981 f i l t e r  inductor. 

Performing f a i l u r e  m a l y s i s  on 1B32111 transformer. 



P a r t i c i p a t i n g  i n  surveys of supp l ie r  f a c i l i t i e s  included: 

a. Conducting a vendor survey f o r  a second source t o  Douglas 
Spec i f i ca t ions  ( r e s i s t o r s )  ~ 2 7 8 7 1 ,  1 ~ 1 6 2 9 8 ,  and (capac i to r s )  
1 ~ 6 4 0 4 8 ,  and 1~59565 .  

b. Surveying t h e  Hoffman Semiconductor Company, located  i n  
E l  Monte, C a l i f o r n i a ,  r e l evan t  t o  diode, PIN 1~52277-547. 

c. Surveying t h e  Bourns Inc. f a c i l i t y ,  located  i n  Riverside,  
Ca l i fo rn ia ,  a s  r e l a t e d  t o  f a i l u r e s  associa ted  with 
potentiometer ,  P/N 1~16298 .  

d. Surveying t h e  E lec t ro  P l a t i n g  Service located  i n  Gardena, 
Ca l i fo rn ia .  

e .  Surveying t h e  new Aerovox Res i s to r  f a c i l i t y  located  i n  
Burbank, Ca l i fo rn ia .  

Providing coordinat ion among Douglas MR&PM, Design Sect ions ,  and Manu- 

f a c t u r i n g  f o r  p a r t s  r equ i r ing  s p e c i a l  t o o l i n g ,  procedures and assembly 

included : 

a. Coordinating with MR&PM t o  determine t h e  d i spos i t ion  of diodes,  
P/N lB32499-1 and -501, having an excess and nonuniform n icke l  
s t r i k e  on leads .  

b. Coordinating with MR&PM f o r  f u r t h e r  research i n t o  vacuum 
encapsulat ion.  - 

c .  Coordinating wi th  MR&PM and s tage  design on Dickson diode, 
PIN 1~32499-1 and -501. The p a r t s  had l ead  mate r i a l  which 
was not wi th in  spec i f i ca t ion .  

d. Coordinating with MR&PM on problem of terminating 
7869679~22-~SJ wire i n t o  a Bendix connector. 

e .  Coordinating with MR&PM on t r a n s i s t o r  l eads ,  PIN 1B52283-1. 



SECTION I11 

MANUFACTURING 



3. MANUFACTURING 

Manufacturing and fabr ica t ion  of S-IVB s tage  components and subassemblies 

continued during t h e  quar ter  a t  t h e  Santa Monica, Cal i fornia ,  f a c i l i t y  

with s t age  assembly and checkout a t  t h e  Huntington Beach, Cal i fornia ,  

Space systems Center. Fabricat ibn progress on individual  s tages  i s  

described below. Stage a c t i v i t y  following checkout i s  reported i n  Sec- 

t i o n  4. 

3.1 S-IVBISaturn I B  Stages 

S-IVB-209 s tage  fac to ry  checkout, i n i t i a t e d  on 28 November 1966 i n  t h e  

.Space Systems Center Tower 5, was completed on 26 January. I n s t a l l a t i o n  

and r e q u a l i f i c a t i o n  of replacement bus modules were accomplished a f t e r  

checkout. Thirty-f ive t e s t s  were completed. The only p a r t s  not i n s t a l l e d  

a t  t h e  time of All-Systems Testing were t h e  l i q u i d  hydrogen feed duct 

( ~ 4 9 3 2 0 - 5 0 7 )  and engine transducers f o r  measurements C 1 ,  C2, and C215. 

The only t e s t  discrepancies ex i s t ing  a t  t h e  conclusion of t e s t i n g  were 

( 1 )  one d a t a  channel showed excessive noise when t h e  chilldown i n v e r t e r s  

were on, and ( 2 )  one d a t a  channel had an excessive l e v e l  change during 

open loop transmission.  Following checkout, l eak  checks were completed 

i n  Tower 8 on 10 February. I n s t a l l a t i o n s  and f i n a l  checkout were com- 

p l e t e d  on 24 February and t h e  s tage  was prepared f o r  shipment. The s tage  

w a s  a i r l i f t e d  t o  t h e  Sacramento Test Center on 9 March. 

S-IVB-210 forward and a f t  s k i r t s  and t h r u s t  s t r u c t u r e  i n s t a l l a t i o n s  were 

completed i n  t h e  Space Systems Center Ver t i ca l  Checkout Laboratory Tower 

2 on 17 January and t h e  s tage  was moved t o  Tower 6. 5-2 engine i n s t a l l -  

a t i o n  was completed i n  l a t e  January. E l e c t r i c a l  and mechanical i n s t a l l -  

a t i o n s  and hookup were then completed. Systems checkout, i n i t i a t e d  on 

1 0  February, was completed on 21 March, Stage shipment t o  t h e  Sacramento 

Test  Center i s  scheduled f o r  Apri l .  



Insulat ion and c l i p  bonding of t he  S-IVB-211 stage tankage was completed 

on 7 February i n  t he  Space Systems Center Insulation Chamber. The stage 

was moved t o  Tower 4 fo r  cleaning and then returned t o  t he  Insulation 

Chamber f o r  i n s t a l l a t i o n  of t h e  hydrogen tank f i r e  retardant l i n e r ,  which 

was completed on 12 March. The stage was then moved t o  Building 42 f o r  

cleaning. Joining of t h e  t h rus t  s t ructure  and forward and a f t  s k i r t s  

was i n i t i a t e d  on 23 March. 

In t e rna l  insulat ion i n s t a l l a t i on  and c l i p  bonding of S-IVB-212 stage 

tankage was i n  process i n  t h e  Space Systems Center Insulat ion Chamber a t  

t h e  end of t h e  quarter .  Aft s k i r t  and forward s k i r t  assembly was i n  

progress a t  t he  end of March. 

3.2 S-IVB/Saturn V Stages 

The S-IVB-504 stage completed t he  " ~ e a d y  f o r  shipment" milestone a t  t h e  

Space Systems Center on i 8  January and was moved t o  Los Alamitos Naval 

A i r  S ta t ion  on 19 January f o r  a i r  shipment t o  Mather A i r  Force Base. 

Engine d i f f i c u l t i e s  delayed a r r i v a l  of t he  a i r c r a f t  and the  stage was 

returned t o  t h e  Space Systems Center, Following a i r c r a f t  repa i r s ,  t h e  

was a i r l i f t e d  t o  t h e  Sacramento Test Center on 25 January. 

S-IVB-505 tank in s t a l l a t i ons  were completed and the  tanks were sealed on 

1 3  January and t h e  stage was moved t o  Tower 4 of t he  Space Systems Center 

f o r  dual repressur izat ion sheet metal i n s t a l l a t i ons .  Joining of t h e  

s k i r t s  and t h r u s t  s t ruc ture  was completed i n  l a t e  January. 5-2 engine 

i n s t a l l a t i o n  was completed i n  February. Systems checkout was i n i t i a t e d  

on 20 February and i s  expected t o  be concluded on 12 April.  



Proof,  l eak ,  and dye checks were completed on t h e  S-IVB-506 tankage on 

31 January. The s tage  was then moved t o  t h e  Space Systems Center Insul-  

a t i o n  Chamber f o r  insu la t ion  and tank i n s t a l l a t i o n s .  I n t e r n a l  insu la t ion  

was compieted on 23 March. Liquid hydrogen tank i n s t a l l a t i o n s  were i n  

progress i n  Building 45 a t  t h e  end of t h e  quar ter .  

Tank cyl inder  panels were received a t  t h e  Space Systems Center and 

assembly of t h e  S-IVB-507 l i q u i d  hydrogen tank was i n i t i a t e d  i n  t h e  

Building 45 t r i m  and weld f i x t u r e  i n  February. The l i q u i d  oxygen tank 

was completed and shipped t o  t h e  Space Systems Center on 21March. Fab- 

r i c a t i o n  of t h e  forward dome was i n  process a t  Santa Monica a t  t h e  end 

of t h e  quar ter .  The l i q u i d  hydrogen tank cyl inder  assembly was completed 

on 23 March and was moved t o  Tower 1 f o r  joining with t h e  l i q u i d  oxygen 

tank and forward dome. 

Fabr ica t ion of t h e  S-IVB-508 l i q u i d  oxygen tank was i n  process a t  Santa 

Monica a t  t h e  end of t h e  quar ter .  The forward dome was nearing completion 

a t  t h e  end of'March and w i l l  be shipped t o  t h e  Space Systems Center i n  

e a r l y  Apr i l .  Work on tank cyl inder  panels w a s  progressing i n  t h e  t r i m  

and weld f i x t u r e  a t  t h e  Space Systems Center a t  t h e  end of March. 

S-IVB-509 tank cyl inder  segments were being formed a t  Santa Monica a t  t h e  

end of t h e  quar ter .  



SECTION IV 

TESTING 



4. TESTING 

4 . 1  Systems Test ing 

Test ing of S-IVB. s tage  systems continued during the .quar te r  a t  t h e  

Huntington Beach Space Systems Center, Sacramento Test Center,,Kennedy 

Space Center, and a t  o ther  Douglas and vendor f a c i l i t i e s .  

4 .1 .1  F l i g h t  Test ing ( ~ e n n e d y  Space cen te r )  

Prspara t ions  f o r  launch of t h e  AS-204 vehic le  were discontinued a f t e r  a 

f i r e  occurred i n  t h e  spacecraft  during t e s t i n g  on 27 January.. Post- 

accident  inspect ion and inves t iga t ion  during February indicated  t h a t  t h e  

S-IVB s tage  performed a s  designed during testing in prsgress, was not 

damaged during t h e  f l r e ,  and d id  not contr ibute  t o  t h e  cause of t h e  

inc iden t .  

Following de-erection of t h e  spacecraft  on 17 February, a r e q u a l i f i c a t i o n  

period w a s  accomplished on t h e  launch vehic le  which consisted of t h e  LV 

Ehergency Detection System t e s t  and LV Systems Plugs-In t e s t .  Both t e s t s  

were completed successful ly  with no problems. 

A decis ion was made t o  t r a n s f e r  t h e  AS-206 mission t o  t h e  AS-204 launch 

veh ic le .  The AS-204 vehic le  w i l l  be t r ans fe r red  from Launch Complex 34 

t o  Launch Complex 37, which i s  configurated f o r  t h e  AS-206 mission. The 

mission w i l l  be i d e n t i f i e d  a s  AS-204 L. 

The S-IVB-206 s tage  was t ranspor ted  t o  Launch Complex 37 and erected  on 

23 January. Stage subsystem checkout progressed smoothly, completing 

a l l  ob jec t ives  i n  preparat ion f o r  t h e  f i r s t  in tegra ted  t e s t s .  In tegra ted  

t e s t i n g  which followed consis ted  of Launch Vehicle E l e c t r i c a l  Mate, 

Power Transfer ,  and Propellant  Dispersion t e s t s .  



Because of  program realignment, t e s t i n g  of  t h e  AS-206 vehic le  was sus- 

pended i n  e a r l y  March. Following t h e  decis ion  t o  move AS-204 t o  Launch 

Complex 37, AS-206 w a s  de-erected and t h e  S-IVB s tage  moved t o  Hangar AF' 

where it was prepared f o r  shipment t o  t h e  Sacramento Test  Center f o r  

s torage .  

F a c i l i t i e s  a u x i l i a r y  propulsion system module i n e r t  oxid izer  and f u e l  

loadings were conducted a t  Launch Complex 39A on t h e  Mobile Service 

S t ruc tu re .  These two i n e r t  loadings were followed by a hot f u e l  loading,  

which w a s  accomplished with no s i g n i f i c a n t  problems. 

Douglas was d i r e c t e d  t o  s h i p  t h e  s t age  t o  MSFC f o r  use a s  a mockup during 

t h e  AS-204 Apollo launch. A dummy J-2 engine was i n s t a l l e d  and t h e  s t age  

de-erected from Low Bay C e l l  No. 2 and prepared for  shipment. P r i o r  t o  

t h e  scheduled sh ip  d a t e ,  t h e  AS-204 mission was scrubbed and shipment 

of  t h e  500F s t a g e  was cancelled.  The s t age  was returned t o  t h e  checkout 

c e l l  and placed i n  s torage .  

Following a long power-down period,  t h e  LV Systems Overal l  Test  No. 1 

with  t h e  S-11 Spacer was reruq..,to r equa l i fy  t h e  AS-501 veh ic le  p r i o r  t o  

de-erection. The s t age  was de-erected on 1 4  February and placed on t h e  

t r a n s p o r t e r  f o r  o r b i t a l  coas t  instrumentat ion i n s t a l l a t i o n  i n  t h e  l i q u i d  

hydrogen tank.  Following e rec t ion  of t h e  f l i g h t  S-I1 s t a g e ,  t h e  S-IVB 

s t a g e  was re-erected on 24 February. 

In teg ra ted  t e s t i n g  was i n i t i a t e d  following t h e  power-up a c t i v i t y .  In te -  

g r a t e d  t e s t i n g  has progressed smoothly from t h e  LV E l e c t r i c a l  Mate t e s t  

through t h e  LV F l i g h t  Sequence and exploding bridgewire t e s t .  



The S-IVB-502 stage arrived a t  Kennedy Space Center on 22 February, was 

unloaded, and temporarily moved t o  Hangar AF. On 25 February the  s t e e  

was transported t o  t h e  Vehicle Assembly Building Low Bay and erected 

i n t o  Low Bay Cel l  No. 1 where subsystem checkout a c t i v i t y  was i n i t i a t e d .  

The s tage was erected on AS-502 i n  t he  High Bay Cell  No. 2 on 29 March. 

4.1.2 Acceptance Testing (sacramento Test center)  

Post-turnover modifications were nearing completion on t h e  S-IVB-205 

s tage a t  t h e  Vert ical  Checkout Laboratory a t  t he  end of t h e  quarter .  

Stage shipment t o  Kennedy Space Center i s  scheduled f o r  29 June. 

3-IVB-207 stage Category I1 and I11 modification work was completed a t  

-;ie Vert ical  Checkout Laboratory during January. Tasks included replacing 

tt? ambient helium b o t t l e  required f o r  dual launch capabi l i ty .  Final  

p-xges and thermoconditioning checkout were accomplished and t h e  stage 

w ~ s  placed i n  storage on the  t ransporter  on 19 January. Shipment t o  

t h e  Kennedy Space Center i s  scheduled f o r  11 July.  

The S-IVB-208 stage acceptance f i r i n g  was successfully accomplished on 

12 Jariuary a t  t h e  Beta 1 Test Stand. Mainstage duration was 424.3 seconds, 

with automatic cutoff  i n i t i a t e d  because of imminent l iqu id  oxygen depletion.  

The acceptance f i r i n g  s a t i s f i e d  a l l  major t e s t  objectives.  The stage 

was t ransfe r red  t o  t h e  Vert ical  Checkout Laboratory on 27 January f o r  

post-fir ing checkout and All-Systems Testing. GSE checkout, stage power 

turnon, and engineering checkout of stage subsystems procedures were 

accomplished during February. Work during l a t e  February included pro- 

pulsion leak checks, Mylar i n s t a l l a t i on  on t h e  forward dome, re t rorocket  



plume impingement c u r t a i n  i n s t a l l a t i o n ,  and engine s t a r t  b o t t l e  system 

modificat ions.  All-Systems Test ing was completed on 16 March and t h e  

s t age  was placed i n  storage.  Shipment t o  Kennedy Space Center i s  

scheduled f o r  5 July .  

The S-IVB-209 s tage  a r r ived  a t  t h e  Sacramento Test Center on 10 March. 

Following inspect ion and l imi ted  modification a c t i v i t i e s ,  t h e  s tage  was 

i n s t a l l e d  i n  t h e  Ver t i ca l  Checkout Laboratory Tower No. 1 on 27 March. 

Stage modificat ion and preparat ion were a c t i v e  a t  t h e  end of March. 

Post-turnover modifications and preparat ion f o r  shipment were completed 

on t h e  S-IVB-502 s tage  a t  t h e  Ver t i ca l  Checkout Laboratory during February. 

A c t i v i t i e s  included l i q u i d  oxygen tank sump screen inspection,  low pressure 

duct r e i n s t a l l a t i o n ,  and i n s t a l l a t i o n  of spec ia l  o r b i t a l  coast  i n t e r n a l  

temperature transducers i n  t h e  l i q u i d  hydrogen tank. The s tage  was then 

shipped t o  t h e  Kennedy Space Center on 21 February. 

The S-IVB-503 s tage  was destroyed on 20 January during acceptance f i r i n g  

countdown on t h e  Beta 3 Test Stand. 

The s t age  was i n s t a l l e d  i n  t h e  t e s t  stand on 1 4  October 1966. S t r u c t u r a l  

inspect ion commenced immediately, followed by modifications t h a t  were 

completed approximately 6 January. I n s t a l l a t i o n  and checkout of t h e  

oxygen-hydrogen burner i n s t a l l a t i o n  proceeded i n  p a r a l l e l  with subsystem/ 

system t e s t s .  

The simulated s t a t i c  f i r i n g  countdown (1~70264)  w a s  conducted on 1 4  and 

16 January. The t e s t  a r e a  w a s  secured over t h e  weekend and t h e  d a t a  

were reviewed. 



The s tage was c e r t i f i e d  a s  " ~ e a d y  f o r  S t a t i c  Firing" on 18 January. 

The s t a t i c  f i r i n g  countdown was i n i t i a t e d  19 January; t h e  ac tua l  f i r i n g  

was scheduled f o r  20 January. 

The first f i r i n g  attempt was aborted a t  T +180 seconds ( T ~  = simulated 0 
l i f t o f f )  due t o  a computer check sum er ror  indication.  Resolution of 

t h e  problem permitted resumption of t h e  countdown, which was recycled 

t o  To -23 minutes. 

During t h e  second terminal countdown, t h e  S-IVB-503 stage exploded and 

was destroyed a t  To -11 seconds. To -11 is  522 seconds pr io r  t o  ac tua l  

engine s t a r t  command. 

Immediately following t h e  incident,  t he  following committees were formed 

t o  support t h e  NASA Board of Inquiry, headed by D r .  K.  Debus: 

a.  Data Protection and Inventory 

b. Documentation Review 

c. Crew Procedure, Operation, and Safety 

d. Personnel Interviews 

e.  Damage Assessment and Mapping 

f .  Cause I so la t ion  Investigation 

g. Photographs 

Invest igat ion r e s u l t s  revealed t h a t  t h e  t e s t  was planned and executed 

i n  a professional manner and t h a t  a l l  stage and GSE systems performed 

a s  designed up t o  t h e  point of t h e  incident. It was determined t h a t  it 

would not have been possible fo r  operating personnel t o  have predicted 

o r  t o  have prevented t h e  incident.  

Post-accident invest igat ion revealed t h a t  an ambient helium sphere weld 

was commercially pure Ti-55A ti tanium, not t he  specified ~ i - 6 ~ 1 - 4 ~  titanium. 

Complete invest igat ion r e s u l t s  w i l l  be published i n  a Douglas report  now 

being prepared. 



Figures 1 and 2 show the damaged test stand and one of the recovered 

ambient helium hemispheres. 

The S-IVB-504 stage arrived at the Sacramento Test Center on 25 January 

and was installed on the Beta 1 Test Stand on 27 January. The Beta 1 

Test Stand is being modified to accept S-IVB-504, which will precede 

S-IVB-209 through acceptance firing operations. Prefiring activities 

during February included oxygen-hydrogen burner subsystem and associated 

supporting equipment buildup, autoaatic GSE checkout, stage test prepar- 
-* 

ations, and stage power turnon procedures. Stage power turnon was 

accomplished on 24 February. The 96-hour common bulkhead purge with 

Argon and the oxygen-hydrogen burner gaseous nitrogen altitude simulation 

system checkout were conducted on 23 March. Subsystems checkout was 

essentially completed by the end of March. Stage acceptance firing is 

scheduled for 26 April. Per NASA direction, the S-IVB-504 stage will 

be employed with Launch Vehicle AS-503, maintaining the original S-IVB-504 

identity . 







4.2 Subsystems Testing 

4.2.1 Design Development Testing 

Design development testing is continuing to provide information which 

can be applied to the Saturn S-IVB effort. Design development testing 

is nearing completion with 323 tests completed of 342 tests scheduled. 

Significant design development testing accomplished during the quarter 

is described below. 

Mechanical Properties of Welded Tank Joints (A-16~) 

Twenty additional coupon specimens representing critical welded joints 

in the S-IVB tankage were tested. This makes a total of 97 specimens 

that have been tested to date .under A-16~. Of the 20 additional speci- 

mens, eight represented the common bulkhead Y-extrusion to aft dome aft 

fillet weld, one represented the common bulkhead Y-extrusion to aft dome 

forward fillet weld, five represented the forward dome to cylindrical 

tank weld, and six represented the aft dome to cylindrical tank welds. 

A final test, consisting of six coupon specimens, will be performed. It 

is expected that a final total of 103 specimens will have been tested 

under A-16~. 

Liquid Oxygen Tank Redesigned Aft Dome Jamb Development Test (A-63) 

The following tests were performed on one specimen of the redesigned 

liquid oxygen tank aft dome jamb (1~09008-511) : 

a. Room temperature proof pressure test 

b. Room temperature pressure ,cycle test 

c. Liquid nitrogen tempe'rature pressure cycle test 

d. Liquid nitrogen temperature limit pressure test 

e. Liquid nitrogen temperature ultimate and burst pressure test 



The specimen f a i l e d  a t  a pressure of 126 ps ig .  The t e s t i n g  of A-63 is  

complete. A second specimen previously scheduled f o r  t e s t i n g  was can- 

ce l l ed .  

F i r e  Resis tant  Coating Test - S-IVB Liquid Hydrogen Tank Insula t ion ( A - 6 5 ~ )  

Development t e s t s  were cond.ucted on aluminum f o i l  and Dyna-Them D-65 

f i r e  r e ta rdan t  l i n e r s  f o r  t h e  S-IVB l i q u i d  hydrogen tank insula t ion.  

The t e s t  specimen was t h e  8-foot-scale tank (5863864-501), equipped with 

S-IVB f l ight - type  insu la t ion ,  and l i n e d  with aluminum f o i l  on t h e  upper 

h a l f  of  t h e  inner  tank wal l  and with Dyna-Them D-65 on t h e  lower h a l f .  

The specimen was purged with air ( a t  70 t o  90°F and a maximum r e l a t i v e  

humidity of 65 per  c e n t )  f o r  72 hours, then subjected t o  seven cycles 

of l i q u i d  hydrogen f i l l  and dra in .  During t h e  f i r s t  cycle ,  t h e  tank was 

vented t o  t h e  atmosphere; during cycles 2 through 7 ,  t h e  tank was press- 

urized with helium gas to 27.5 $L psig for 10 minutes, The specimen was 

then subjected t o  a pos t - tes t  evaluation program. A-65A t e s t i n g  i s  com- 

p l e t e .  

4.2.1.2 Propulsion System ~ o m p o n e n t s / ~ u e l  Tank Pressur iza t ion System 

Continuous Regulator Valve ( H - 4 3 ~ )  

Development t e s t s  t o  el iminate main poppet c h a t t e r  of t h e  continuous 

regu la to r  valve have been completed. L i fe  cycle t e s t s  of t h r e e  main 

poppet bellows assemblies w i l l  be completed during t h e  next quar ter .  

4.2.1.3 Auxil iary Propulsion System 

Low-Pressure Helium Module (L-68) 

A program t o  check diodes i n  t h e  low-pressure helium modules i n  a l l  s tages  

was  i n i t i a t e d  a f t e r  diode f a i l u r e s  occurred during formal qua l i f i ca t ion  

tests.  A l a r g e  number of defect ive  u n i t s  were replaced. Vendor Accept- 

ance Test  Procedures and a l l  Douglas checkout procedures were revised t o  

r e q u i r e  diode checks a s  termination checks a f t e r  solenoids a r e  operated. 



The solenoid on formal qua l i f i ca t ion  specimen No. 1 fa i l ed  voltage drop- 

out t e s t s  during post-propellant-exposure t e s t s .  Disassembly of t h e  un i t  

revealed t h a t  t h e  ins ide  surface of t h e  solenoid and solenoid plunger ' 

had corroded, Corrosion caused high f r i c t i o n  and drag i n  t he  solenoid 

plunger a rea  and subsequent low dropout charac te r i s t i cs .  Vendor usage 

of mater ia ls  ( ~ 1 1 1 3  carbon s t e e l  p la ted with nickel)  incompatible with 

propellant  vapors was t h e  cause of t h e  f a i l u r e .  

Redesign was i n i t i a t e d  and a development program i s  being established.  

One development cons i s t s  of new solenoids constructed from compatible 

mater ia ls .  A second development makes use of ex i s t ing  solenoids which 

have been pla ted with compatible mater ia ls ,  Upon completion of L-68 

t e s t i n g ,  t h e  bes t  approach w i l l  be se lected and ECP 7715 w i l l  be revised 

f o r  production. 

Auxiliary Propulsion System Shipping Shock Recorder (L-69) 

A new l i n e  item (L-69) has been created t o  determine the  required shock 

amplitude range. Upon determination of t h i s  range, a un i t  w i l l  be se lected 

f o r  subsequent development t e s t i ng .  

4.2.1.4 P r o ~ e l l a n t  Dispersion System Components 

Safety .and Arming F r a g i l i t y  Test (AC-30) 

A s e r i e s  of development t e s t s  was conducted by subjecting t h e  safe ty  and 

arming device t o  vibrat ion l eve l s  higher than those previously established 

as f r a g i l i t y  l eve l s  f o r  t h e  device. Four specimens were t e s t ed ,  i n  t h r ee  

orthogonal axes, i n  random and s ine  vibrat ion.  Two of t h e  four un i t s  

were inoperative a f t e r  t e s t i ng .  However, i n  both cases,  d i f f i c u l t i e s  

experienced with t h e  shaker equipment allowed t h e  specimens t o  be exposed 

t o  l e v e l s  t h a t  were higher than those specif ied i n  t h e  t e s t  requirements. 

The t e s t s  es tabl ished t h a t  these  t e s t  l eve l s  w i l l  not cause autorotat ion 

of t h e  s a f e ty  and arming ro tor .  



4.2.1.5 Cryogenic Repressurization System 

l-Inch Shutoff Valve (AH-14) 

Development testing on the l-inch shutoff valve ( 1B59010) is progressing 

sati~fact'oril~. Actuator leakage tests have been completed and tests 

are in process to determine the effects of temperature extremes on oper- 

ation of the position indicator. An ECP to redesign the -501 valve and 

reconfigurate to -503 for use on S-ID-501 through S-ID-515 has been 

approved. 

Oxygen-Hydrogen Burner Liquid Oxygen Line Shutoff Valve (AH-24) 

An ECP to redesign the pneumatic actuator and change the part number 

from 1~66485-1 to lB66639-503 has been'approved. The new design incor- 

porating a heavier spring and other hardware improvements, has been 

completed, Development testing to identify and eliminate any additional 

problem areas is continuing. 

4.2.2 Q.ualification Testing 

Qualification testing of parts, components, subassemblies, and higher 

levels of assembly to ensure thzt the design is capable of meeting 

established requirements is continuing. Qualification testing is nearing 

completion, with 688 tests completed of 741 tests scheduled. Significant 

qualification testing accomplished during the quarter is described below. 

4.2.2.1 Propulsion System ComponentslAmbient Helium System 

Actuation Control Module (J-3~ ) 

All qualification testing required for the actuation control module 

(1~65292) has been completed. The module was subjected to tests during 

Sterer development testing (J-3~) and the solenoid bolts failed under 

the increased vibration levels. No usage or further testing of this 

module is planned. 



Actuation Control Module ( J - 3 ~ )  

During t h e  vibrat ion portion of qual i f icat ion t e s t i ng ,  t he  -1 actuation 

control  module ( 1~66692)  exhibited excessive leakage and s t ruc tu ra l  

f a i l u r e  of t h e  solenoid case occurred. A redesigned prototype module 

was t e s t ed  successfully ( J - 3 ~ ) .  The module was reconfigurated t o  -501. 

Reinforced solenoids and smaller poppet b a l l s  were incorporated. The 

-501 configuration i s  i n  production and the  f i r s t  three  modules t o  be 

completed a r e  scheduled f o r  formal qual i f icat ion tes t ing .  Due t o  revised 

thermal analysis ,  thermal i so la t ion  spacers w i l l  be requi red ' fo r  stage 

i n s t a l l a t i o n  of t h e  modules. An ECP t o  i n s t a l l  t he  spacers has been 

i n i t i a t e d .  

Pneumatic Power Control Module Assembly (J-6) 

An ECP has been i n i t i a t e d  t o  replace t he  1A58345 modules with new modules, 

which w i l l  incorporate hermetic sealing of the  vent solenoid and provide 

f o r  a vent por t  check valve. Additional qual i f icat ion t e s t i ng  w i l l  be 

required upon approval, since . a l l  four 1~43657 modules f a i l ed  a t  low 

temperature i n  t h e  regulator f a i l u r e  mode during Rel iab i l i ty  Veri f icat ion 

t e s t i ng .  Response time of t he  shutoff valve varied from 6 t o  30 seconds. 

The maximum specif icat ion l i m i t  i s  500 milliseconds. The four specimens 

were returned t o  t h e  vendor and Item J - 6 ~  has been established f o r  dev- 

elopment t e s t i n g  t o  determine t he  cause of f a i l u r e  and corrective act ion 

required. 

Liquid Hydrogen Repressurization Module Assembly (J-18) 

The cold helium control  solenoid valve (1~43660)  has been reconfigurated 

from -507 t o  -509 t o  incorporate a Vespel poppet s e a l  iden t ica l  t o  t h e  

new sea t  i n  t h e  -503 configuration of t he  cold helium dump module (1~57781) .  

Qualif ication t e s t s  were completed during t h e  quarter  and no fur ther  

t e s t i n g  of t h e  solenoid valve i s  required except i n  conjunction with 

formal qua l i f i ca t ion  t e s t s  o f . t h e  next assembly. 



4.2.2.2 Auxil iary Propulsion System 

Auxil iary Propulsion System High-Pressure Helium Tank ( L-63 ) 

Two specimens of  t h e  tank manufactured by t h e  vendor have successful ly  

completed q u a l i f i c a t i o n  t e s t s .  An add i t iona l  l i n e  item w i l l  be crea ted  

t o  qua l i fy  two specimens of t h e  tank manufactured by Douglas. 

4.2.2.3 Ullage Rocket System 

Detonator Block and End F i t t i n g  (AE-8) 

A s e r i e s  of 30 t e s t s  was successfully completed t o  qua l i fy  t h e  end 

f i t t i n g s  f o r  t h e  explosive fuse  assembly (1~56400-501) and t h e  detonator 

block (1~84223-503). These components a r e  used i n  t h e  u l l age  rocket 

j e t t i s o n  system on Saturn V.  

Ullage Rocket Confined Detonating Fuse Ign i t ion  System (AE-16 ) 

An a u x i l i a r y  v ib ra t ion  survey t e s t  of one confined detonating fuse  

assembly was completed s a t i s f a c t o r i l y .  This t e s t  supplemented t h e  AE-16 

t e s t s  repor ted  complete i n  t h e  l a s t  quar ter .  The purpose of t h e  t e s t  

w a s  t o  measure v ib ra t ion  l e v e l s  near t h e  fuse  t h a t  f a i l e d  t o  propagate 

i t s  e n t i r e  length .  A fuse  assembly (1~53581-541) was i n s t a l l e d  t o  

dup l ica te  a dual  i n s t a l l a t i o n  l i k e  t h e  segment t h a t  f a i l e d  t o  propagate. 

During v i b r a t i o n  t e s t i n g ,  t h e  specimen was observed v i s u a l l y  and monitored 

wi th  a slip-sync camera. No l a r g e  displacements of t h e  fuse  were observed. 

Af te r  v i b r a t i o n ,  t h e  specimen was f i r e d  successful ly .  

4.2.2.4 Cryogenic Repressurizat ion System 

I g n i t i o n  System Excitor  (AH-12) 

The i g n i t i o n  system exc i to r  (1~59986)  ( s e r i a l  Number 010) f a i l e d  t o  

opera te  a f t e r  v i b r a t i o n  during q u a l i f i c a t i o n  t e s t i n g .  The u n i t  w i l l  be 

repa i red  and shipped t o  Douglas t o  be v ib ra ted  as a pa r t  of t e s t  AH-25. 



The unit had been subjected to low temperature, high temperature, mechan- 

ical shock, and vibration. Serial Nurber 013 has successfully completed 

low temperature, high temperature, mechanical shock, vibration, and 

electromagnetic interference testing. Both units will be subjected to 

acoustical noise testing. Life test will be performed by the vendor. 

4.2.3 Formal Qualification Testinn 

Formal qualification testing, to de~onstrate, through controlled com- 

ponent tests, that Saturn S-IVB stage hardware meets established require- 

ments under various applicable combinations of service environments, is 

continuing. Twenty-three tests have been completed of 42 tests scheduled 

in the formal qualification test program. Significant formal qualifi- 

cation testing accomplished during the quarter is described below. 

4.2.3. L Propulsion System Components/Oxidizer Tank Fill System 

Liquid Oxygen Auxiliary Motor-Driven Chilldown Pump (G-7) 

Formal qualification tests of the three specimens of the liquid oxygen 

auxiliary. motor-driven chilldown pump (~49423) were completed during 

the quarter. The ECP to reconfigurate the -505 pump to -507 by incor- 

porating a different seal spring and controlling assembly torque has 

been approved. 

Propulsion System Components/Fuel Tank Pressurization System 

Fuel Tank Vent and Relief Valve (H-5) 

Formal qualification testing of the fuel tank vent and relief valve 

f 1~48257) is progressing satisfactorily. A new configuration of the 

valve (.-511) has been installed on S-IVB-501 and S-IVB-504. 



4.2.3.3 Propulsion System Components/Oxidizer .Tank Pressur iza t ion  System 

Cold Helium Dump Module (1-2) 

Formal q u a l i f i c a t i o n  t e s t  of  one -503 specimen i s  i n  process. An ECP 

has been i n i t i a t e d  t o  r e p l a c e , t h e  present  r e l i e f  valve vent check valve 

wi th  a  1~67481-1  check valve t o  reduce t h e  p o s s i b i l i t y  of s t r e s s  corro- 

s ion  a f f e c t i n g  t h e  B e l l e v i l l e  spr ings  i n  t h e  r e l i e f  valve.  

Liquid Oxygen Tank Pressur i za t ion  Control Module (1-3 ) 

Two -503 modules have completed a l l  formal q u a l i f i c a t i o n  t e s t i n g .  The 

t h i r d  specimen has been reconfigurated t o  a  -505 module, which conta ins  

Vespel poppet s e a t s  and a  check valve i n  t h e  r egu la to r  vent p o r t .  The 

check valve has been added t o  reduce t h e  p o s s i b i l i t y  of s t r e s s  corrosion 

a f f e c t i n g  t h e  B e l l e v i l l e  spr ings  i n  t h e  regula tor .  

Oxidizer Tank Vent and Rel ief  Valve (1-7) 

Formal q u a l i f i c a t i o n  t e s t s  of t h e  oxidizer  tank vent and r e l i e f  valve 

( ~ 4 8 3 1 2 )  a r e  progressing s a t i s f a c t o r i l y .  A new configurat ion of t h e  

va lve  (-505) has been i n s t a l l e d  on S-IVB-501 and S-IVB-504. 

Oxidizer Tank Rel ief  Valve ( I - 9 ~ )  

Formal q u a l i f i c a t i o n  t e s t i n g  of t h e  f irst  specimen of t h e  new 1~49490-515 

valve has been i n i t i a t e d .  An ECP t o  i n s t a l l  t h e  valve on e x i s t i n g  and 

f u t u r e  production s tages  has been i n i t i a t e d .  

4.2.3.4 Propulsion System Components/Ambient Helium System 

Liquid Hydrogen Repressurizat ion Module Assembly (5-18) 

Formal q u a l i f i c a t i o n  t e s t i n g  of  t h e  -505 specimen i s  progressing s a t i s -  

f a c t o r i l y .  The two -511 specimens a r e  being held f o r  rework of t h e  valve 

s e a t s  i n  t h e  cold  helium c o n t r o l  solenoid valve ( 1 ~ 4 3 6 6 0 )  incorporated 

i n  each assembly. An ECP has been i n i t i a t e d  t o  d e l e t e  t h e  r e l i e f  valve 

from a l l  conf igura t ions  of  t h e  assembly. Formal q u a l i f i c a t i o n  t e s t i n g  

i s  proceeding without t h e  r e l i e f  valves i n s t a l l e d .  



4.2.3.5 Flight Control System Components 

Engine-Driven Hydraulic Pump (M-3) 

Formal Qualification testing of the engine-driven hydraulic pump was 

completed satisfactorily during the quarter. 

Auxiliary Motor-Driven Hydraulic Pump (M-29) 

Formal qualification testing of the auxiliary motor-driven hydraulic 

pump was successfully completed during the period. 

4.2.4 Reliability Verification Testing 

Reliability Verification testing, designed to increase the engineering 

confidence in the probability of flight, continued during the quarter. 

Four tests have been completed of 19 tests scheduled. Significant 

testing during the quarter is described below. 

4.2.4.1 Propulsion System Components/Ambient Helium System 

Helium Fill Module (J-11) 

Two specimens of the helium fill module (1A57350) failed during reli- 

ability verification testing. The first failure was due to excessive 

leakage during vibration and the second was due to excessive leakage 

at low temperature during post-vibration tests. Both specimens have 

been returned to the vendor for inspection. Although inspection has 

not been completed, cause of both failures is believed to be due to poor 

quality control and assembly practices by the vendor. 

4.2.4.2 Flight Control System Components 

Hydraulic Accumulator-Reservoir Assembly (M-8 ) 

During this test, a seal failure occurred in test specimen No. 3 of the 

accumulator-reservoir (1~29319-519). The failure occurred when the 

turcon backup ring on the high-pressure side of the reservoir piston 



extruded from the groove during the room-temperature, repeat-cycle phase 

of testing. This failure, which occurred after 816 cycles of operation, 

resulted in the destruction of the O-ring packing and leakage of hydraulic 

oil from the reservoir vent relief valve. 

To determine the cause of the backup ring extrusion, a development test 

was conducted at various high oil temperatures and cycling pressures. 

It is believed that the failure was due partly to excessive piston 

clearance and partly to rough surface finish. 

4.2.4.3 Auxiliary Power Supply System/~lectronic Components 

Hydraulic Power Unit Motor-Driven Starter Switch (P-47) 

Reliability Verification testing was successfully completed on the 

hydraulic power unit motor-driven starter switch (1~32647-505) during 

the quarter. 

4.2.4.4 Electrical System Components 

Hydraulic System Temperature Control Thermal Switch (u-37~) 

Reliability Verification testing was successfully completed on the 

hydraulic system temperature control thermal switch (1~74765-507) 

during the quarter. 

4.2.5 Special Testing 

Helium Storage Sphere Strength Verification Tests 

Fourteen ambient helium storage spheres (1~49990-501) made of T ~ - ~ A L - ~ v  

titanium alloy and welded with either commercially-pure titanium weld 

rods or the specified T ~ - ~ A L - ~ v  titanium alloy weld rods, were subjected 

to a strength verification test program. One sphere having the pure 

titanium weld burst at 5,660 psig. Six spheres having the proper 

T ~ - ~ A L - ~ v  titanium alloy welds burst between 8,920 and 9,940 psig. 



Various pressure  cycle and hold t e s t s  were completed on seven spheres 

having pure t i tanium welds. These spheres a r e  being prepared f o r  an 

assortment of add i t iona l  t e s t s .  

Bonded Segmented Bulkhead (DA-103) Test 

The DA-103 bonded segment bulkhead specimen was shipped t o  t h e  Sacramento 

Test  Center during t h e  quar ter .  Insula t ion of t h e  specimen was completed 

and t h e  specimen is  being s e t  up f o r  t e s t i n g  a t  t h e  Alpha I t e s t  s i t e .  

Test ing i s  scheduled t o  commence i n  mid-April. 

Insu la t ion  

A l i q u i d  hydrogen tank flame-retardant coating t e s t  was completed a t  

t h e  Sacramento Test  Center. An 8-foot-diameter t e s t  tank was u t i l i z e d  

f o r  t h e  t e s t .  Two mate r i a l s ,  . reinforced Dyna-Them D-65 and 0.002-mil 

aluxiinum foil, were tested simultaneously. One half of the tank was 
coated with t h e  f o i l ,  and t h e  o ther  ha l f  with Dyna-Therm. 

The r e s u l t s  of t h e  t e s t ,  which simulated s tage  u t i l i z a t i o n ,  indica ted  

t h a t  t h e  re inforced Dyna-Them D-65 had a 0.7 per cent a rea  debonding, 

wheras t h e  0.002 aluminum f o i l  coating had a 0.2 per cent  a rea  debonding. 

I n  add i t ion ,  loose  p ieces  of t h e  Dyna-Them D-65 coating were found i n  

t h e  tank following completion of t h e  t e s t .  

Pressure Vessels 

A t e s t  program has been i n i t i a t e d  t o  v e r i f y  t h e  i n t e g r i t y  of a l l  1~49990-1 

and -501 ambient helium spheres which have been del ivered t o  Douglas. 

An eddy current  inspect ion of a l l  sphere weldments was conducted t o  iso-  

l a t e  a l l  helium spheres fabr ica ted  with commercially pure t i tanium weld 

wire ,  and remove t h e  spheres from production systems. Tes ts  consis ted  

of comparative eddy current  readings between t h e  parent metal of  t h e  

Ti-6U-4V sphere and t h e  weld mater ia l .  A l l  spheres t h a t  t h e  eddy 

cur ren t  tests revealed t o  have been welded with commercially pure f i l l e r  

wire were removed from stock and from s tages .  These spheres w i l l  be 

replaced.  



Burst pressure  t e s t s  of ~ i - ~ A L - 4 ~  welded spheres were conducted t o  

v e r i f y  s t r u c t u r a l  i n t e g r i t y .  A l l  burs t - tes ted  specimens were metal l-  

u r g i c a l l y  examined and compared t o  t h e  f a i l e d  spheres involved i n  t h e  

S-IVB-503 inc ident .  Design burs t  requirements were 8,000 ps ig  a t  210'~. 

A l l  spheres met t h a t  requirement s a t i s f a c t o r i l y .  Metal lurgical  examination 

of t h e  f a i l e d  spheres d id  not r evea l  any anomalies. Testing of t h e  s i x  

spheres v e r i f i e d  t h a t  t h e  i n t e g r i t y  of t h e  GAL-4~ f i l l e r  wire welded 

ambient helium s torage  spheres (1~49990)  i s  adequate. 

Tes t ing i s  a l s o  being conducted t o  determine weld i n t e g r i t y  by conducting 

b u r s t  and cycle  pressure  t e s t s  of spheres welded with commercially pure 

t i t an ium f i l l e r  wire.  

A weld t e s t  program was conducted t o  determine t h e  individual  e f f e c t  of 

aging, c leaning,  proof pressure ,  c y c l i c ,  and sustained loading on GAL-4V 

titanium aUoy welded with ~ A L - ~ V  filler wire and commercially pure 

f i l l e r  wire ,  a s  r e l a t e d  t o  t h e  formation of t i tanium hydrides. Other 

ob jec t ives  were t o  determine t h e  e f f e c t  of t i tanium hydrides, and t h e  

magnitude and e f f e c t  of r e s idua l  s t r e s s e s  i n  t i tanium pressures spheres 

welded with both ~ A L - 4 V  f i l l e r  wire and commercially pure f i l l e r  wire.  

Oxygen-Hydrogen Burner Performance Improvement Program 

The oxygen-hydrogen burner performance improvement program produced 

s a t i s f a c t o r y  t e s t  r e s u l t s  during t h e  quar ter .  Improvements included 

decreasing t h e  f u e l  i n j e c t o r  e f f e c t i v e  a rea  coupled with enlarged sub- 

sonic  o r i f i c e s ,  producing a higher nominal chamber pressure and elimin- 

a t i n g  i c i n g .  Several  4 112-hour t e s t s  were successful ly  completed. 

The increased chamber pressure  a l s o  decreased t h e  e f f e c t s  of cross- 

i g n i t i o n  (one i g n i t e r  o u t )  and el iminated t h e  requirement f o r  t h e  back- 

pressure  purge. I g n i t e r  t i p  mate r i a l  was s tudied f o r  reduction of s l a g  

i n  t h e  i n j e c t o r  core area .  Of those  mater ia ls  t e s t e d ,  t h e  s t a i n l e s s  

s t e e l  ( 3 0 4 ~ )  t i p  was found t o  be t h e  c leanes t  burning and l e a s t  expensive 

of  t h e  two types .  Preliminary evaluation of recent  t e s t s  performed 



with a l i q u i d  hydrogen pressur iza t ion ramp r a t e  of 4.5 p s i  per  minute 

( i n s t e a d  of t h e  nominal 3.3 p s i  per  minute) ind ica tes  t h a t  t h e  burner 

w i l l  opera te  s a t i s f a c t o r i l y  i f  t h a t  r a t e  i s  required during s tage  tank 

repressur iza t ion .  The new s e r i e s  of t e s t s ,  designed t o  determine t h e  

e f f e c t  of i n i t i a t i n g  helium repressur iza t ion flow p r i o r  t o ,  during, and 

a f t e r  burner s t a r t ,  has been completed and has shown t h a t  t h e  i n i t i a t i o n  

of helium flow a f te r  t h e  burner start t r a n s i e n t  produced t h e  most satis- 

f a c t o r y  chamber pressure  increase  of t h e  t h r e e  flow sequences. 


