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SECOND UNMANNED 

APOLLO MISSION 

A UNIQUE STUDY 

(THE TWO-STAGE UPRATED SATURN I LAUNCH VEHICLE, 
F'ORMERLY DESIGNATED THE SATU" IB, CONSISTS OF 
THe IB FIRST STAGE AND THE IVB UPPER STAGE. 
THE IVB STAGE IS A COMPONENT OF THE APOLIX) PRO- 
JECT'S SATURN V ROCKET WHICH WILL LAUNCH AMERICAN 
ASTRON'AUTS ON THE FIRST MANNED MOON LANDING MIS- 
SION LA"E IN !PHIS DECADE.) 

The second Saturn/Apollo Uprated Saturn I launch develop- 

ment mission, t o  be launched a t  Cape Kennedy no earlier than 

June 29, is a unique engineering study of l iquid hydrogen 

fue l  behavior during o r b i t a l  f l igh t .  

I P r i m a r y  purpose of the unmanned mission is  observing 

operation of the two-stage launch vehicle 's  S-IVB second 

stage pr io r  t o  i ts  use as a stage of Saturn V rockets i n  the 

National Aemnautics and Space Administration's manned lunar 

landing program. 

The Uprated Saturn I w i l l  not carry an Apollo spacecraft. 

Instead, the vehicle 's  second stage, an instrument un i t  and 

a nose cone w i l l  o r b i t  as one body, 92 feet  long, It w i l l  

weigh 58,500 pounds, the heaviest U.S. sa te l l i t e  ever placed i n  

o rb i t .  
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It w i l l  o rb i t  the Earth once every 88 minutes with the 

s a t e l l i t e  U.S.  inclined t o  the Equator about 32 degrees. 

No recovePy is planned. 

The vehicle w i l l  stand 173 feet high on Launch Complex 

37 and i ts  l i f t o f f  weight w i l l  be 1,187,000 lbs. 

The l iquid hydrogen studies Involving the second stage 

will be carr ied out fo r  three o r  four orbi ts .  Approximately 

10 tons of l iquid hydrogen w i l l  remain i n  the stage after 

inser t ion  in to  orbi t .  

Hydrogen is a very e f f ic ien t  fuel. However its behavior 

i n  t h i s  large a volume i n  outer space has not been observed. 

NASA engineers be l i eve  that  the techniques devised t o  

handle the  very cold ( m h u s  423 degrees F. is i ts  boiling 

point)  and very l i gh t  ( the  hydrogen atom is  the lightest 

known) f lu id  are suf f ic ien t ,  but the only way t o  v e r i @  t h i s  

I s  t o  conduct an o r b i t a l  experiment such as this .  

The Information to  be derived is necessary not only t o  

the Apollo lunar landing program but a l so  t o  cvera l l  lauric> 

vehicle development. 

powerful than the conventional kerosene fuels used In 

Saturn boosters. 

Hydrogen is ahcct 40 per cent more 

-more - 
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The S-NB 

rated Saturn I 

stage serves as the top stage of both the up- 

and the larger Saturn V launch vehicles. I n  

i ts  Saturn V use, the stage w i l l  be required t o  operate i n  

o r b i t  preparatory t o  departing for the Moon. This will 

include an o r b i t a l  restart of I t s  main propulsion system 

following a coast period of up to four-and-one-half hours 

(three orb i t s ) .  

Techniques for  managing propellants during t h i s  c r i t i c a l  

time--including propellant tank venting, the se t t l i ng  of pro- 

pel lan ts  t o  the bottom of tanks through the continuous use 

of  forward thrust, and engine chilldown in preparation f o r  

restart--must be tested In Far th  o r b i t  since no conclusive data 

on the use of large masses of hydrogen i n  o rb i t  i s  obtainable 

i n  any other way. 

I n  addition t o  propellant studies, an experiment concern- 

ing the storage of cryogenic (extremely low temperature) f lu ids  

w i l l  be carr ied in the Saturn nosecone. A sphere containing 

liquid nitrogen w i l l  t e s t  a storage system applicable t o  

fuel c e l l  development. 

l iqu id  oxygen used In  fue l  c e l l s  and it is much easier and 

sa fe r  t o  t e s t .  

Liquid nitrogen readily sinnrk+,es 
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The U S A  Marshall Space Flight Center a t  Huntsville, 

A l a . ,  I s  responsible for development and t e s t ing  the Saturn 

vehicle. The first stage, develop- 1.6 mill ion pounds 

t h r u s t  from eight  Rocketdyne H-1 engines, is  made by the 

Chrysler Corp, at  MSFC(a Michoud Assembly Facility i n  New 

Orleans. Douglas Aircraf t  Co. builds the second stage, 

powered by one Rocketdyne J-2 engine developing 200,000 

pounds thrust ,  a t  Huntington Beach, Calif, The Instrument 

u n i t  is assembled by International Business Machines Corp, 

at Huntsville. The Marshall Center made the nose cone and 

devised the l iquid hydrogen tests for t h i s  mission. 

The NASA John F. Kennedy Space Center, Fla. I s  responsible 

for checkout and launch. 

The cryogenic storage experiment is provided by the NASA 

Manned Spacecraft Center, Houston. 

A l l  of the work is under the direct ion of the Office of  

Manned Space Plight, NASA Headquarters, Washington, D, C. , 
headed by Dr. George E. Mueller, Associate Administrator, 

OMSF, 

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS. ) 
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F'LIGHT SEQUENCE 

Ten seconds after l i f t o f f ,  the vehicle w i l l  begin to r o l l  
i n t o  its flight azimuth of 72 degrees east of north. 
one velocity w i l l  be reached at  52 seconds after l if toff  
(W52), A t  !Pt-69 seconds, the vehicle w i l l  pass through the 
area of niaxiEum dynamic pressure, This w i l l  occur at about 
7.8 miles a l t i t ude ,  

Mach 

The pi tch  program, which w i l l  have begun a t  T+10 seconds, 
w i l l  be ended a t  W134 seconds, 
board engines w i l l  cu t  off at T+139 seconds. The outboard 
engines w i l l  cease three seconds later, a t  W142, The rocket's 
posi t ion a t  that point: 
and t ravel ing a t  6,016 s t a t u t e  miles per hour, 

The first s tage 's  four in- 

59 miles range, 40 miles a l t i t u d e  

During the next two seconds the following events occur 
in t h i s  order: second stage ullage rockets i gn i t e  t o  settle 
propellants; the two stages separate; first stage retrorockets 
located on Interstage adapter fire; second stage main engine 
igni tes ;  ul lage rockets cease at  "147 and they are Jettisoned 
e ight  seconds later. 

Path adaptive guidance i s  i n i t i a t e d  a t  79157 seconds, 
The second stage cutoff should occur a t  W 3 5  seconds and the 
vehicle w i l l  be considered t o  be in o r b i t  ten seconds later, 
a t  which point it w i l l  be 880 m i l e s  downrange a t  an altitude 
of 118 s t a t u t e  miles and traveling a t  17,432 m i l e s  per hour. 
O r b i t a l  period w i l l  be 88 minutes Inclined 31-98 degrees t o  
the Equator. A l l  e s sen t i a l  engineering tests are t o  be 
conducted during the first three orb i t s .  I f  the second stage 
is  s t i l l  performing sa t i s f ac to r i ly  addi t ional  a c t i v i t i e s  are 
planned during the fourth orb i t .  

19,000 pounds of hydrogen f o r  the propellant studies, which 
w i l l  be reduced by about 20 per cent during four o rb i t s ,  
The w e i g h t  breakdown is as follows: 

Total  weight i n  o r b i t  w i l l  be 58,537, Including about 

-more - 
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Nose cone 
Instrument unit  
S-IVB dry weight 
Excess IXlX in  tank 

I#X flt. performance reserve 
LH2 flt, performance reserve 
LOX residuals 

Excess IEI2 in tank 

I H ~  ~ e ~ i d ~ a i ~  

~2 gas 
Auxllliarg propellent 
Service Items 

Injection weight 

43:s 
3,719 

24,853 

1 ,475 
664 
133 
651 
553 
554 
270 

l8 
3637 

AS-203 LAUNCH wm~cm OPERATIONAL FLIQEF TRAJ-RY 
NOMINAL SEQUEPJCE OF EVENTS 

PREDICTED 
SEQUELICE 

-0:05.0 -5.0 Guidance reference release 

-0:03.1 -3.1 S-IB mainstage ignition sequence 
begins 

0: 00.0 0.0 F i r s t  motion 

0:00.2 0.2 Liftoff signal 

Tower cleared 0:06.9 6.9 
0: 10.2 10.2 

0: 28.2 28.2 

Pitch and r o l l  maneuver 
initiated 

Roll maneuver to obtain 72 
degrees fl lght az-th completed 

0: 52.0 52.0 Mach number = 1.0 

1:og.o 69.0 Xaxinrun dynamic pressure 

2: 14.0 134 . 0 Pitch tilt arrest 

2: 16.6 136.8 F-IB propellant level sensor 
actuation 

I 
I 
i 
I 

I 
I 
I 
I 

I 

1 
I 

I 

i 

1 
I 

I 

1 

I 
i 

I I 
I 
I 

i 
I 

I 
I 

-more - 



-7- 
#oHuuu; 

TIBE FROH 
FIRST MOTION 

(Ilrin:Sec) (-1 
2: 19.8 139.8 

2: 21: 8 141.8 

2:22.8 142 . 8 
2:23.4 143.4 
2r23.6 143.6 

7r25.6 445.6 

PREDICTED 
SEQUENCE 

Inboapd engine cutoff 

Outboard engine thrust O.K.; 
sui tches electrically Inter- 
connected 

Outboard englne cutoff 

Ullage rocket ignition 

F i r e  separation device and com- 
mand retrorocket Ignition 

Separation completed 

S-IVB engine s t a r t  cogmand 

S-IVB m a i n  stage thrust level 

Jettison ullage rocket motors 

Initiate active guidance 

S-IVB guidance cutoff signal 

LVDC Issues 'pB4 & Redundant 
cutoff signal 

S-NB Orbital Insertion 

-more- 
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TIHE ( f m m  aecond stage cutoff, - 
liftoff plus 435.5 seconds) 

Hour Iumate Second 

1. 00 00 00.2 

2. 00 00 55.2 

3. 00 01 20.2 

4. 01 24 45.5 

5. 01 25 06.5 

6,  01 

7. 01 

8. 01 

90 01 

10. 03 

11. 03 

12. 03 

13. 03 

14. 03 

15. 03 
16. 04 

17. 04 

18. 05 
19. 06 

30 

31 

31 

31 
00 

05 
06 

07 

51 
54 
37 

37 
16 

10 

59.8 
11.1 

12.3 

37.5 
04.2 

07.0 

45.7 

09.7 

10.5 

01.5 

18.5 

38. 5 
50.0 

23.5 

mTAL SHRUST 
(Pounds) 

IxlX Ullage vent open 34.1 
Continuous vent open 45.5 

IxlX U l l a g e  vent closed 11.4 

WX U l l a g e  vent open 36.4 
LH2 Continuous vent 25, 
closed 

5-2 Are1 lead command on 922. 

% contirmoua vent open 932.8 

5-2 Fuel lead comaand off 35.8 

IxlX U l l a g e  vent closed 10.8 

L€I2 Contlnuaus vent closed 0.0 

IOX Ullage vent open 17.1 

LH2 Continuous vent open 22.7 

U X  U l l a g e  vent closed 5.6 

LOX U l l a g e  vent open 19.5 
WX U l l a g e  vent closed 5.6 
U X  U l l a g e  vent open 14.7 

Continuous vent closed 9.1 

Change in Ullage LOX vent 3.5 

UIX U l l a g e  vent closed 0.0 

-more- 
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The o r b i t a l  Impulse Chart represents the ideal case, 
I f  a l l  systems work exactly as expected and if deslm as- 
sumptions are accurata, the o rb i t a l  R;mctions w i l l  be carried 
out In this  manner. 
of varying these actions. 

Soon after the second stage cutoff the IxlX and then the 
Idi2 continuous vent valves w i l l  be opened, the first of pllllny 
manipulations of those systems d u r i n g  the experiment. 

Referring t o  the Impulse Chart, the following explanations 
are offered: Step five, a t  the end of the first orbi t ,  refer8 
t o  preparations f o r  engine restart, although as previously noted 
the restart preparations carried out w i l l  end just short  of 
actual reignition. As a s t ep  leading t o  th i s ,  U I X  tank venting, 
simulating the Gemini-type ullage engines of the Saturn V S-IVB, 
is I n i t i a t e d  In Step 4. 
place, using heliusn, although leas than f u l l  operational pres- 
sure is reached. Chilldorm of and turbomachinery 
takes place between Steps 5 
the h e 1  system will be 
t h i s  purpose is recirculated I n t o  the hydrogen tank. 
hydrogen used f o r  ch i l l ing  the engine itself is  not recirculated. 
It is expelled through the engine nozzle and causes a grea t  
Increase In the amount of th rus t  a t  Step 60 

Ground controllers have the capabili ty 

Hydrogen tank repressurization takes 

the next o r b i t  only 
wed for 

But the 

A t  the end of the second orbit, a second restart sequence 
will be Init iated,  involving the chilldown of lines and turbo- 
machinery, but t h i s  t- it w i l l  be done without represmarizatlon 
of the hydrogen tank by the stage pressurization system. Also 
it w i l l  be done without benefit  o f  the ullage venting of the LOX 
tank. This exercise, then depends t o t a l l y  on the hydrogen con- 
tinuam venting system t o  keep the propellants seated, which IS 
another attelnpt to see how effective the system is, although 
it is  not  expected t o  be taxed t o  t h i s  degree dur ing  Saturn V 
nissions. 

stage is under no acceleration at all. 
the oxygen vent systems a.re inoperative and the stage is under 
zero gravi ty  for the only time during the mission. This Is to 
see how the gas and l iqu id  react  t o  the absence of induced 
forward motion, and t o  see how effective I B X  venting alone 
(Step 11) is in settling the propellant a f t e r  f ive  minutes of 
weightlessness. 

Immediately following t h i s ,  for f i v e  minutes (Step 10) the 
Both the hydrogen and 

-more- 
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Blear the end of the th i rd  orbi t ,  and a t  the beglnnlng'of 
the fourth, once over Carnarvon and twice over the U.S., rapid 
depressurization of the hydrogen tank w i l l  occur. 
"blow-downs" w i l l  occur through the non-propulsive vent- 
system of the s-NB stage. 
ullage thrusting from the UIX tank; the second and third tiaes 
w i l l  be w i t h o u t  ul lage thrusting. 
simulate venting rates that could be encountered during cyclic 
venting, which I s  an alternate venting scheme that could be 
used i n  case of failure of the contlnuous vent system. 

These 

The first time it w l l l  be done with 

These experiments w i l l  

This rapid depressurization w i l l  create a condition siglilar 
t o  the " s p e w i n g "  o r  boilover that r e s u l t s  f r o m  shaking a car- 
bonated beverage. Gas and f luid w i l l  be vented rapidly-=much 
more l i qu id  w i l l  be l o s t  In this method of venting. 

The TV system w i l l  monitor the behavior of the propellant 
and the qual i ty  meter (see page 
role of determining the percentages of l iquid and gas l o s t  In  
these actions. 

) w i l l  have the Important 

As the fourth o rb i t  begins, the oxygen ullage system 
becomes operative to  deterPPfne its effectiveness In settling 
the tank following such major disturbances. This experlment, 
the last, continues f o r  the next orbi t .  

A n  Important aspect of the P l i g h t  w i l l  be the continuous 
monitoring of the l iquid hydrogen w i t h  te levis ion cameras 
mounted In the forward end of  the l iquid hydrogen tank. 

Engineers especially placed a t  four remote tracking sites 
w i l l  gather infomation i n  "real  time" t o  assist In malting 
decisions relating t o  the experiment. Stations receiving the 
television signal are Cape Kennedy, Corpus C h r i s t l ,  Texas; 
Benmrda, and Carnarvon, Australia. Signal8 f r o m  the Corpus 
Christ1 and Cape Kennedy s t a t i o n s  w i l l  be relayed d i rec t ly  to 
MSC, Houston and the €€untsville Operations Support Center fo r  
projection t o  mission control and support engineers. 

An experiment sys terns engineer 1 s representative (ESER) w i l l  
have one of the most Important decision-making positions In the 
net .  

-more - 
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The S-IVB stage w i l l  be placed Into o r b i t  over Beraruda 
about 73 mlnutes after launch. 
the l iquid hydrogen behavior on his television screen t o  
determine i f  the f lu id  1s stable and he w i l l  a l so  keep an eye 
on Instruments indicating the opening of cer tain valves. With 
split-second accuracy he must decide and recommend t o  the 
mission control w h a t  action should be taken. 

Bermuda s ta t ion,  %he ESER may recommend the i n i t i a t i o n  of two 
of f ive  alternate sequences designed to  correct fa i lures .  

The englneer there w i l l  monitor 

During the short  tlme the stage is i n  the range of the 

If the l iquid oxygen ullage thrust  control valve fails to  
open on conwand soon after S-IVB cutoff, the Bermuda engineer 
mag recotmaend i n i t i a t i n g  5-2 engine fue l  lead. H e r e  fue l  w i l l  
be run through the engine to  provide additional thrust .  This 
sequence should occur 10-20 seconds after engine cutoff. 

Insuff ic ient  s e t t l i n g  of propellants determined by obser- 
vation of l iquid motion through the TV system 14 minutes after 
S-IVB cutoff w i l l  require the use of another alternate sequence. 
H e r e  I f  the gaseous oxygen thrusters do not achieve the sett l ing 
required In 77 seconds ofqera t ion ,  the Bermuda s t a t ion  may 
c a l l  f o r  them t o  contlnue operation f o r  70 seconds more. 

Another v i t a l  operation should occur between 56 seconds 
and 76 seconds after J-2 engine cutoff. Should there be a 
failure of the l iquid hydrogen tank continuous vent valve t o  
open, then the non-propulsive vent valve w i l l  be opened t o  
allow a pressure drop In the tank. After the pressure has been 
reduced t o  some 15-20 psi another attempt will be made t o w n  
the continuous vent valve. The same sequence could occur a t  
one hour and 31 minutes and a t  three hours and seven minutes 
af ter  engine cutoff. These are the only alternate sequences 
which may occur after the first orbi t .  

When the S-IVB stage i s  over Texas durlng the first orb i t ,  
the automatic sequence c a l l s  for the l iquid oxygen ullage 
thrus t  control valves t o  open. After opening, normal procedure 
is  f o r  the hydrogen and l iquid oxygen pumps t o  run fo r  330 
seconds In the first engine chilldown and then cut  off. This 
is t o  be followed by a 12q-second fue l  lead on the 5-2 engine. 
A f t e r  the 5-2 engine shuts off ,  the l iquid oxygen ullage 
thrus te rs  close and the continuous vent valve opens. 

I f  the ground control team desires, commands can be sent  
t o  bypass the LOX chilldown, s t o p  the LOX pump a f t e r  it starts, 
and/or shut off  the pump If a problem should occur after It 
starts. The l iquid oxygen chilldown I s  i n  the automatic sequence 
and w i l l  occur unless it I s  deleted o r  stopped. 

-more - 
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THE UPRATED SATURN I LAUNCH VEHICLE 

The development of the uprated Saturn I w a F  started i n  
mid-lg62, soon af ter  the Apollo program established the need 
of a medium capabi l i ty  vehicle -- more powerfbl than the 
Saturn I -- for  Apollo spacecraft t e s t ing  i n  Earth o rb i t  
p r io r  t o  Saturn V fl ights.  
stage of Saturn I, w i t h  state-of-the-art improvements, the 
t h i r d  stage and instrument unit of the Saturn V, and the 
manufacturing, t e s t ing  and other f a c i l i t i e s  available through 
both programs. 

The f i r s t  Uprated Saturn I m188ion on February 26, 1966 
was a succes8 which continued a s t r i n g  of 10 perfect f l i gh t8  
of t h e  basic Saturn I vehicle. 

The vehicle would use the first 

Development of the second stage, the S-IVB, waa apeeded 
by the technology gained during development of the Saturn I 
second stage, the S-IV. Also, the instrument uni t  f o r  uprated 
Saturn I and Saturn V was a direct  outgrowth of the Saturn I 
instrument unit .  

S-IB Stage 

The uprated Saturn I booster (S-IB) has been changed In  
a number of ways i n  comparison with the standard Saturn I 
first stage. 
t o  reduce weight. Changes i n  the new booster include: weight 
reduced by about 20,000 pounds, propellant container re- 
designed, barrel assembly redesigned, outriggers redesigned, 
outboard engine s k i r t s  removed and the gaseous oxygen ( W X )  
interconnect and vent system redesigned. The first of these 
redesigned boosters is being flown as a part of AS-203. 
(The first two boosters i n  this series were i n i t i a l l y  designated 
a part of the Saturn I program and some of the weight-reducing 
changes were not incorporated In them.) 

It is  a combination of n ine  propellant tanks, eight H-1  engines, 
e ight  f i n  assemblies and various control systems, s t ruc tu ra l  
assemblies and instrumentation. E i g h t  of the propellant tanks 
are 70 inches i n  diameter, and the ninth i s  lo5 inches i n  
diameter. The e igh t  smaller tanks a re  clustered about the  
large center tank. The center tank  and four outer tanks con- 
t a i n  l iquid oxygen. The other four outer tanks, assembled 
a l te rna te ly  between oxygen tanks, contain the rocket 's  RP-1 
(kerosene) fuel.  The tanks a re  interconnected t o  equalize 
tank pressure, assure uniform flow of fuel and oxidizer t o  
the eight  engines and t o  provide the capabili ty of diver t ing 
propellants t o  other engines i n  the event one o r  more engines 
f a i l .  

Most of the changes are engineering modifications 

The first stage i s  80.2 feet  long and 21.4 feet  i n  diameter. 

-more - 
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The H-1 engines produce 200,000 pounds thrust .  The 
c lus t e r  of eight gives the first stage a t o t a l  th rus t  of 
1.6 mill ion pounds for about 23 minutes. 
phase, the engines consume about 40,000 gallons (267 pounds) 
of  RP-1 fue l  and 64,500 gallons (615,000 pounds) of l iqu id  
oxygen In reaching an a l t i t ude  of about 40 miles before 
engine cutoff. The four inboard engines are mounted r ig id ly  
i n  a square pattern around the center point on the af t  end 
of the thrust structure.  The other four engines, a l so  
arranged In a square, are mounted near the outer edge of 
the thrus t  structure.  The outer engines are equipped with 
Independent, closed-loop hydraulic systems which girabal the 
engines as much as eight  degrees f o r  vehicle fllght direct ion 
control. 

Wing t h i s  boost 

The eight  f ins ,  spaced equally around the tai l  unit  
assembly, increase aerodynamic s t a b i l i t y  In the lower atmos- 
phere. They a l so  provide vehicle tiedown points and support 
the vehicle on the launch pad. 

Miscellaneous equipment Includes a control pressure 
system, purge aystem, a f i r e  detection and water quench 
system, a f l ight  termination system, e l e c t r i c a l  power supply 
and dis t r ibut ion,  recoverable cameras, instrumentation and 
telemetry systems. 

The inters tage s t ructure  remains attached t o  the first 
stage a t  separation of stages, providing first stage 
deceleration by retrorockets and reducing the mass tha t  the 
second stage must accelerate during powered fl ight.  

The Chrysler Corp. produces the f i rs t  stages a t  the 
Marshall Center's Michoud Assembly Fac i l i ty  i n  N e w  Orleans. 
Rocketdyne Division of North American Avlatlon makes the 
engines. Completed stages are sent by barge t o  the Marshall 
Center a t  Huntsville, A l a .  fo r  s t a t i c  f i r i n g .  They a re  then 
returned by barge t o  Michoud f o r  ref'urbishment and checkout 
and transported to  Kennedy Space Center, Fla. from New Orleans 
by sea-going barge. 

S-IVB STAGE 

The second stage of the uprated Saturn I, the S-TVB, w i l l  
a l so  serve as the t h i r d  stage of the Saturn V which w i l l  
launch the Apollo spacecraft t o  the Moon. O n  the uprated 
Saturn I, the stage provides the velocity increase af ter  first 
atage separation t o  place the Apollo spacecraft i n t o  Ear th  
o r b i t .  On t h i s  f l i g h t ,  the S-IVB w i l l  go i n t o  o r b i t  w i t h  
the IU and nose cone instead of w i t h  an Apollo. The l iquid 
hydrogen experiment w i l l  be performed w i t h  the S-IVB. 

-more - 
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The S-IVE I s  manufactured by Douglas Aircraft Co. under 

the d i rec t ion  of the Marshall Center. It Is 58.4 feet long 
and 21.7 feet In diameter, Dry we-t of the stage Is about 
29,700 pounds, including the interstage adapter, It Is 
powered by one 5-2 engine, also manufactured by Rocketdyne, 
which develops 200,000 pounds of thrust. To achieve orbital 
speed and a l t i t ude  In a normal mission, the stage operates 

.5 minutes, burning about 64,OOO gallons (38,000 
pounds about 3 of l iquid hydrogen and 20,000 gallons (191,OOO pounds) 
of l iquid oxygen. 

T e s t  Center a t  Sacramento, C a l i f .  Following testing, the 
stage is transported by the Super Guppy a i r c r a f t  to the 
Kennedy Space Center. 

S t a t i c  testing of the S-IVB is conducted at the Douglas 

The S-IVB consists of a forward skirt, a propellant tank 
with a common bulkhead to  separate the l iquid hydrogen from 
the l iqu id  oxygen, and a f t  s k i r t ,  t h rus t  structure,  after 
inters tage assemblies, J-2 engine, and A u x i l i a r y  Propulsion 
System (APS), propellant u t i l i za t ion  system, stage separation 
system and ordnance systems. Items mounted on the exter ior  
of  the stage include two range safety antennas, four t e l e -  
m e t r y  antennas, three ul lage rockets, two APS modules and 
various equipment tunnels and fairings. 

The APS provides a t t i t ude  control f o r  the stage and 
payload during powered and coast f l i g h t .  During powered 
f l ight ,  the APS provides only r o l l  control but during coast 
i t  provides pitch,  yaw and roll control. Each of the two 80- 
inch long aerodynamically shaped modules, mounted 180 degrees 
apart on the a f t  s k i r t ,  contains three l iquid propellant 
l5O-pound thrus t  engines, a fuel and oxidizer storage and 
supply system, a high pressure helium storage and regulation 
system and control components for  preflight servicing and 
i n f l i g h t  operation. The engines use the hypergolic Combina- 
t i on  of nitrogen tetroxide as the oxidizer and monomethyl- 
hydrazine as the  mel, eliminating the need f o r  an igni t ion 
system. 

-more - 
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Instrument Unit 

The lnstnrment u n i t  (N) l a  the "brain" of the vehicle. 
It houses e l e c t r i c a l  and mechanical equipment that guides, 
controls  and monitors vehicle performance from l i f t o f f  u n t i l  
after insertion of the payload I n t o  orbi t .  It controls first 
stage powered flight, stage separation, second stage powered 
f l ight ,  inject ion into Earth o r b i t  and Earth o r b i t a l  stab- 
i l i za t ion .  Equipment in  the IU includes: guidance and con- 
t r o l ;  e l ec t r i ca l ;  measurement and telemetry; radio frequency; 
instrumentation; range safety command system; environmental 
control; and emergency detection systems (EDS). 
the same diameter as the S-IVB stage, the N I s  three f e e t  
high and weighs about 4,600 pounds. 
load-supporting s t ructure  of sandwich-type bonded construction. 
Honeycomb-panel "cold plates" are attached to  welded brackets 
on the In t e r io r  skin of the IU. The e l e c t r i c a l  and electronic 
equipment is mounted on the cold plates. 

A "ring" 

It is an Unpressurized, 

The IU was designed by the Marshall Center. International 
Business Machines Corp., Federal System Division, is the 
contractor fo r  fabrication, system testing, and Integration 
and checkout w i t h  the  launch vehicle. 

Nose Cone 

The nose cone for AS-203 mission is a aemimonocoque skin 
and stringer structure  of  double-angle configuration, tha t  
is, it tapers a t  two points. The nose cone is  21.7 f e e t  i n  
diameter a t  the base and 28 feet  hlgh. 
edge of the IU, it w i l l  not be separated from the  second 
stage and M during fl ight.  

Bolted to  the top 

The cone contains equipment f o r  evaluating the s t ructure  
and f o r  tes t ing  an experlmental cryogenic storage system 
designed by the NASA Manned Spacecraft Center. 
f o r  details on the  experiment.) 

(See page 

=more - 
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PRELAUNCH CHECKOUT AND COUNTDOWN 

The major components of the launch vehicle arrived a t  
the NASA Kennedy Space Center (KSC) In April. The first 
stage was brought In the NASA barge, P r o m i s e ,  and second 
stage and instrument u n i t  by a i r c ra f t ,  Super Guppy. The nose 
cone was brought t o  KSC by another barge, Poseidon, In March. 
A f t e r  inspection, the two stages and the Instrument unit 
were taken t o  Launch Complex 37 and erected. The nose cone 
was mated to the vehicle the last week I n  A p r i l .  Combined 
system testing of the Integrated vehicle was begun and a 
fl ight readiness review w i l l  be held about one week before 
launch. 

This w i l l  be followed by a countdown demonstration In 
which the en t i r e  26-hour 15-mlnute countdown is rehearsed, 
short  of ac tua l  engine lgnftion. During the demonstration 
both stages of the launch vehicle were fueled. 

A s t ep  toward complete automatic checkout, which w i l l  
probably reach f ru i t ion  In the Apollo/Saturn V program, was 
made d u r a  the pre-launch phase o f  the A/S 203 mlssion. 
Two computers--RCA 1 1 O A l s - -  are ut i l ized  In the automatic 
checkout procedures. One I s  located i n  the blockhouse at 
Complex 37, the other In the base of the launch pad. 

Automatic checkout In the  Saturn IB program has been 
progressive, involving more and more individual subsystems 
as the leve l  of confidence increased, 

The countdown for  A/S 203 w i l l  start a -11 day pr ior  
t o  ac tua l  l i f t o f f .  The first part w i l l  end a t  T-11 hours 
and 15 minutes, w i t h  a bu i l t - in  hold. Ign i t ion  occurs a t  
T-3 seconds. During the f i rs t  part of the count, for  a 
period of about 15 hours, ordnance items w i l l  be Ins ta l led  
and continuous mechanical and propulsion system checks 
w i l l  be made. The second phase of the countdown continues 
the propulsion system and mechanical checks but is  expanded 
t o  include such I t e m s  as guidance and control, radio fre- 
quency and telemetry, power transfer, range safety, and 
propellant loading. 

The first stage w i l l  have 22 per cent of i t s  liquid 
oxygen oxidizer loaded aboard at  T-5 hours, reaching all 
capacity about three hours from l i f t o f f .  

-more- 
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Liquid oxygen will be pumped aboard the second stage 

a t  T-2 hours, and l iquid hydrogen w i l l  be loaded a t  T-1 
hour, 55 minutes. By T-60, l iquid hydrogen loading I s  
scheduled for completion. 

The service s t ructure  around the launch vehicle i s  to  
be pulled back a t  T-3 hours, 45 minutes. 
an hour later and the blockhouse doors are sealed at T-30 
minutes. The countdown is accomplished automatically by com- 
puters beginning a t  T-2 minutes, 43 seconds short ly  after the 
launch supervisor gives a clear-to-launch. 

The pad I s  cleared 

LAUNCH COMPLEX 37 
Complex 37, where the mission will be launched is a 

120-acre f a c i l i t y  on the northern edge of C a p e  Kennedy. The 
service s t ructure  stands 310 feet  tall and w e i g h s  10 million 
pounds . 

The launch pad consists of a metal pedestal 47 feet high 
w i t h  a 12-sided opening i n  the center for escape of rocket 
exhaust. A flame deflector-shaped l ike an Inverted V-Is 
wheeled in place beneath the pedestal opening t o  dlsperae 
rocket exhaust and lessen pad damage. The surface of the 
metal flame deflector 1s coated w i t h  heat r e s i s t an t  concrete- 
l i k e  material  which bears the brunt of the exhaust Impinge- 
ment. 

Service systems Include: RP-1 fuel,  l iquid oxygen and 
high pressure storage batteries for gaseous nitrogen, helium 
and hydrogen. 

The last six of the ten Saturn I space vehicles were 
launched from the Complex. It has been modified fo r  the 
Uprated Saturn I program. 

-more - 
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MISSION 0BJECTIYE;s 

ObJectives are t o  evaluate performance of the second stage 
and. instrument unit i n  Earth orbit t o  obtain information on the 
follawing: 

1, S-IVB Stage Continuous Venting System 0- This system 
melntains propellants i n  a sett led condition throughout the orbi ta l  
coast period prior t o  engine restart ,  
is x-qwed due t o  the high heat input t o  the hydrogen tank and must 
be accamplished with a minimum loss of propellants, 
vent system makes use of the hydrogen which must be vented by 
directing the stream of gaseous hydrogen a f t  t o  produce longitudinal 
thrust .  
which wil l  help to  minimize boiloff, i n  case the evaporation is 
greater than expected, It also minimizes the amount of additional 
propellant set t l ing which may be necessary fromthe ullage rockets 
of the awdliary propulsion system (APS)to meet engine start 
conditions. 
adequacy of about six pounds minimum thrust in  maintaining sett led 
l lquld hydrogen conditions and the operation of the  thrust  balance 
of the continuous venting ports, 

During earth orbit, venting 

The continuous 

This acceleration nmintains the hydrogen in a sett led state, 

System characteristics t o  be observed include the 

2. 5-2 w i n e  Chilldown and Recirculation System and 
W e  Requirements for S i t e d  Engine Restart -- I n  order t o  
restart the 5-2 engine, the engine propellant feed, turbomachinery 
and engine bell  must be chilled down t o  assure proper quality of 
propellant t o  the engine during the start ing phase. In order t o  
force gas bubbles out of the suction lines and t o  assure proper 
temperature of the line, a recirculation system is  used t o  keep 
the fue l  moving i n  the l ines for  five minutes prior t o  restart. 
The 5-2 engine will not be restarted, but an adequate evaluation 
of the systems described here, coupled with ground t e s t  data, will 
confirm abi l i ty  t o  res tar t .  

3. Cryogenic Liquid Vapor Interface and F l u i d  Dynamics 
i n  N e a r  Weightless Environment -- The s t a t i c  and dynamic behavior 
of liquids i n  a reduced gravity field is of p r i m e  importance t o  
S-IVB stage operation. 
seemingly small force resulting from aerodynamic drag, rotation 
of the vehicle about i t s  center of mass, and variations i n  
accelerations may have a significant effect on the behavior of 
fluids. The ati i tude control system will cause propellant sloshing, 
which w i l l  be controlled t o  an unknown degree by special anti-slosh 
baffles and a deflector installed i n  the hydrogen tank, but behavior 
of a liquid a t  very high frequency ratios is not completely known. 
Two cameras have been installed i n  the S-IVB forward bulkhead t o  
observe % during the orbital  per iod.  

fn Large diameter propellant-tanks the 

-more- 
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4. Heat Transfer t o  Liquid Through Tank Wall and Data 
on Propellant Thermodynam 'c Model -- Analytical data indicate 
that boiling w i l l  occur at  the I&€2 tank sidewall during a portion 
of the orbi ta l  period. The acceleration induced by continuous 
venting is only theoretically suf'ficient t o  support a boundary 
layer. It is possible that boiling could cause the tank w a l l  t o  
become vapor bound which  would drastically affect heat input. 
The heat transfer phenomena are not well defined, but a signifi- 
cant reduction i n  heat input could result in excessive rewessuri- 
zation reqplirements. Significant characteristics t o  be observed 
include temperature distribution i n  the ullage spice and i n  the 
l iquid boundary layer at  the tank wal l  and outside skin temperatures. 

5. Second Stage and I U  Checkout i n  O r b i t  -- This will be 
the first opportunity t o  observe the extended o p t i o n a l  l i f e  of 
the electr ical  systems during the low gravity and vacuum environ- 
ment. 
monitoring and updating of the systems as they function during 
the orbit. There will be special comand functions performed, 
orb i ta l  updating and programning of switch selector flmctions. 

'This is not a checkout i n  the s t r i c t  sense but it is a 

6. S-NB A u x i U a r y  propulsion System Operation ( A t t i t u d e  
Control) -- The APS provides r o l l  control of the upper stage 
during parered f l i g h t  and complete att i tude control of the stage 
(roll ,  pitch and yaw) during the o rb i t a l  period. Proper a t t i tude  
control must be maintained t o  determine the La, behavior i n  the 
low gravity environment and enable an adequate measurement of the 
heat transfer characteristics during orbi t  . 

7. S-IVB and I U  T h d  Control System -- It is  the first 
opportunity t o  test the o r b i t a l  functioning of S-IVB and I U  t h d  
control system, which circulates a cooling f l u i d  intex'naUy through 
"cold plates" upon which electrical equipnont is mounted. 

8. rn ted Saturn I Guidance System Operation -- For the 
first time an opportunity i s  presented t o  show the  ab i l i t y  of the 
guidance system t o  insert a satellite into orbi t  (the first vehicle 
flight was suborbital). The guidance system, using the pth-adap 
t i ve  scheme, makes in-flight guidance decisions based on real-time 
measurements of position, velocity and time, thereby providing the 
most efficient use of the vehicle performance. Jhring the  orb i ta l  
period the system will maintain proper  a t t i tude of the vehicle by 
pulsing the APS ro l l ,  pitch and y a w  at t i tude control engines. 

Loads and Dynarm ' c  Characteristics -- The first two boosters made 
f o r  the Uprated Saturn I program were modified Saturn I designs. 
AS-203's booster o r  first stage is the f i rs t  unit designed for 
Saturn I B  missions. About 20,OOO pounds have been trinaaed f r o m  
the Saturn I series structure and it will be undergoing its first 
flight tes t ,  as well as will the new S-IVB aft s k i r t  and the nosecone. 
Acoustics, temperature, pressure, s t ra in  gege and vibration measure- 
ments will be made to evaluate how w e l l  the structures function. 

9. Structural  Integrity of Launch Vehicle, Structural 

-more- 
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Secondary 

1, Evaluate the launch vehicle puwered fllght external 
environment, confirming the aerodynamic analyses and wind tunnel 
data on which the vehicle design was based, 

2, V e r i f y  the operation of the launch vehicle sequencing 
system which controls events during parered fl ight and orb i t a l  
coast . 

3. Although this rocket does not carry an Apollo space- 
craft, the emergency detection system was retained and is being 
flown i n  "open loop" (Ilnmruuzed) for evaluation purposes. 

4, Evaluate separa,tion of the second stage/IU/nosecone 
from the first stage. 

5. Veri* the la;mch vehicle propulsion systems' oper- 
ations and evaluate performance parameters. 

6 ,  m u a t e  a Manned Spacecraft center experiment i n  
the nosecone, testing a method of cryogenic storage under orbital  
conditions. 

-more- 
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SUBCRITICAL CRYOGEXCC EXPERIMENT 

The system consists of an instrumented double walled 
spherical cryogenic storage vessel, a quantity guaging system, 
and other necessary system components and signal conditioning 
equipnent t o  permit transmitting data. 

The objectives of the experiment are t o  test  the ab i l i ty  t o  
guage the vessel content and the capability t o  supply warin 
nitrogen vapor F r o m  the minus 320 degree fahrenheit liquid- 
vapor mixture. Both must be accomplished i n  a law gravity 
environment. 

Data from t h i s  experiment is desired t o  support design of 
subcritical cryogenic storage systems particularly for f u e l  
ce l l  developent fo r  Puture rmnned spacecraft. Subcritical 
cryogenic storage offers weight savings over the supercritical 
cryogenic approaches employed on the G e m i n i  and Apollo space- 
craft. 

-more- 
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INSTRUMENTATION AND DATA ACQUISITION 

Engineers have outfitted the second stage with unique devices for this 
flight. 
pellant monitoring device. 

They include a television system, a new tape recorder and a pro- 

There will be a total of 1,491measurements -- 550 on the Saturn first 
stage; 581 on the second stage (83 of which are peculiar to the liquid hydrogen 
test); and 360 on the instrument unit (eight of which are peculiar to the test). 

Second Stage Instrumentation 

Signals from two television cameras recording the behavior of liquid 
hydrogen will be received at four stations. Special recording equipnent was 
installed by the Marshall Space Flight Center at the sites. 
tracking and update information also will be recorded at manned space flight 
network stations operated by the NASA Goddard Space Flight Center. 

Telemetry, 

The cameras are mounted on the llmanholetl cover on the forward end of 
the second stage's liquid hydrogen tank. 

Both cameras are mounted so they llseell essentially the same area at the 
bottom and side of the tank. Special markings on the tank wall will enable 
engineers to make judgment as to the approximate level of the liquid hydrogen 
during the experiment. 

Two 300 watt lights provide the light needed for the television cameras. 
The lights are enclosed and therefore are explosive proof. 

Quartz windows about 3/4 of an inch thick isolate the cameras and lights 
from the supercold liquid hydrogen. Both cameras also have resistance heat- 
ing elements around them to keep them warm in the harsh environment -- minus 
423 degrees F. 

One of the television instruments is manufactured by General Electro- 
dynamics Corp. It has a one-half inch vidicon with 400 lines resolution. 
The other model, made by Kontel, has a one inch vidicon with 700 lines reso- 
lution. 

Only one of the cameras will operate at a time. Engineers will switch 
the cameras from time to time through the command link in the instrument 
unit. Signals will be transmitted through an S-band television link to the 
Kennedy Space Center, Fla.; Bemda; Carnarvon, Australia and Corpus Christi, 
Texas stations. 

Signals received at Cape Kennedy and Texas will be retransmitted to the 
Mission Control Center in Houston and the ESFC Operations Support Center for 
use in direction of the mission. The Australia and Bermuda stations will 
record signals for later study. 

-more- 
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A novel dual capability tape recorder, mounted on the S-IVB's 

It will forward skirt, will record both analog and dig i ta l  data. 
operate in the analog mode during staging and will play back the 
information after second stage &off. 

"he instrument also has the unique capability or recording 
d ig i t a l  data during the periods the satellite is between ground 
stations. It w i l l  record a t  a slow speed for 56 minutes and play 
back the inf'ommtion in seven minutes while in range of a station. 
It is expected t o  provide continuous monitoring of the  l iquid 
hydrogen test for four orbits. 

Stations picking up the recorded information Vill be Canary 
Island, Tananarive, Canton Island, H a w a i i ,  Ascension Island, 
and Antigua I Island. 

A new probe has been instal led in the second stage hydrogen 
tank t o  acc-date mimy of the special temperature, pressure and 
other measurements. 
stage -0 instrument probe and propellant uti l ization probe. 

There are tV0 probes i n  the standard second 

Twenty-three of the 57 temperature measurements are unique. 
Fifteen of these sensors are "zero g" type temperature transducers. 
Other sensors include a dual element temperature sensor located 
i n  the liquid hydrogen feed duct and instruments to measure on 
both sides of the common bulkhead. 

Other special devices include t h r e e  instruments for vent exit  
different ia l  pressure measurements and seven liquid/vapor sensors 
t o  determine the state of the l i q u i d  hydrogen a t  varying levels. 

The instrument unit has five measurements peculiar t o  the 
experiment t o  record forces acting on the  stage caused by venting, 
propellant movement and similar forces. 
made from three accelerometers located i n  the instrument unit. 
One accelerometer measures the longitudinal forces, the other two 
measure pitch and yaw. 

These measurements are 

This f l igh t  also marks the first active use of a new range 
safety system which gives the  space vehicle a greater degree of 
radar inanunity than the system previously used. 

Any vehicle launched from the  Eastern T e s t  Range must have a 
command destruct system i n  the event it goes off course. 
system, which has been flown as a passenger on three previous 
Saturn fl ights,  protects the destruct system From stray radio 
frequency interference. 

The new 

Engineers discovered early i n  the Saturn I program that the 
radio frequency "missing" and stray signsls from a variety of 
sources were a hazard and fear that these stray signals could 
trigger the  destruct system. 

-more- 
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The new system is tailored to operate in a multi-frequency 
environment, 
protection f r o m  stray signals,  and the probability of accidental 
triggering of the system is remote. 

Coding techniques provide a higher degree of 

Special First Stage Instruments 

Hotion picture cameras -- two wide angle 16mn Milliken mvie 
cameras will photograph separation of the first and second stages, 
They have 160 degree lenses and an operating range of 130 degrees. 
Mlm speed is 128 frames per second, 

The cameras (one with black-and-white film and the other color 
film) are muted on the top of the first stage pointing toward 
the second stage engine. 

Camera operation will begin some three seconds before stage 
separation. 
about 300 miles dam range. 

They w i l l  be ejected 25 seconds after separation, 

The cameras are encased in recoverable capsules, Parachutes 
w i l l  open soon after ejection and balloons will keep them afloat, 
Radio beacons and dye mezkers w i l l  assist an Air Force recovery 
team to locate the capsules. 

"he cameras are expected to operate the first few seconds in 
total darkness and a few seconds later may be pointing directly 
into the sun, 
compensate fo r  this expected difference in light. The film has 
a three-layer emulsion and is expected to provide a wide exposure 
latitude in the varying light conditions. It w i l l  be processed 
three different times. 

Special black-and-white film is being used to 

Chrysler Corp,, assembled and tested the camera packages for 
the Marshall Center. 

m e d  Spectrometer -- An infrared spectrometer is used to 
study dssion spectra of rocket engine plumes. 
environmental conditions, a specially designed unit was built, 

Due to the extreme 

The flight unit, although lighter than the Block E8 unit Prom 
which it was developed, isstronger because of the optics being 
clamped in rather than glued, heavier bearings on the moving p a r t s  
and an alloy frame. 

The device operates in the infrared region of approximately 
1.5 to 4.5 microns wavelength. 

-more- 
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First Stage 

Second Stage 

Instnrment hit 

Instrumentation by U n i t  

four telemeter l i n k s  
550 measurements 
one ODOP tracking transponder 
two f i l m  cameras 
two dual  range safety protective devices 

f ive  telemeter links 
dual range safety system 
581 ple-m-ts 

83 are peculiar t o  U$ exper-nt 
television cameras 
tape recorder 

four telemeter links 
360 measurements 

eight are environmental f r o m  nosecone 
f ive are peculiar t o  L&L experiment 
13 we for MSC's cryogenic experiment 
26 emergency detection system measure- 

ments normally sent t o  the spacecraft 
two trmsponders for tracking 

AZUSA 
C-Band radar 

Nosecone measurements two acoustic -- external 

(all telemetered From I U )  
one acoustic internal 
two s ta t ic  pressure external 
three acceleration -0 bending mode 
redundant EDS Q ball. 
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Ground Network 

Mission control w i l l  be at the Manned Spacecraft Center i n  
Houston. 
Operatias C o n t m l  Room u n t i l  the range of the Air Force a s t e r n  
Test Range tracking and comand fac i l i t i es  are exceeded. 
ccrmannds w i l l  then be transmitted by voice cwmunications t o  
statim in the Manned Space Flight 19etwork. 

The f l ight  will be controlled directly ikag the Mission 

Control 

Biglneers from the Marshall Space Flight Center are moperating 
with the Manned Spacecraft Oenter and the Goddard Space Flight 
Center i n  manning key positions i n  the network for this f'light. 

-sitions added especially for this -nt include a flight 
director's experiment representative, an eqprinrent systems engineer, 
and system @eer's representatives at five renmte sites. 

Stations i n  the network include Cape &nnedy, Grand Bahsppa, 
Bermarda, Insertion ship, Antigua, Canary Island, Ascension, w i v e ,  
Carnarson, Mi, Point Arguello, Guaynms, White Sands, Corps Christi, 
and Canton IslantL 
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A main poin t  of concern i n  t h e  o r b i t a l  use of hydrogen i s  assurance 
t h a t  t h e  f u e l  can be s e t t l e d  t o  t h e  lower bulkhead o r  bottom of the  f u e l  
tank and kept there ,  covering t h e  engine pump i n l e t  and ready t o  supply 
t h e  engine pump with f l u i d  -- not gas -- when it is  t i m e  t o  restart the  
main engine, 

A second aspect  of t h i s  i s  t h e  necess i ty  of keeping t h e  gas i n  t h e  
top po r t ion  of t h e  tank,  so t h a t  gas alone -- not  l i q u i d  -- w i l l  be 
vented overboard. 
p e l l a n t  and keep it i n  place. Rather, t he re  are fo rces  t h a t  tend t o  
d i s t u r b  it and keep it sca t t e red  i n  a confused, inhomogenous mixture of 
l i q u i d  and gas  over t he  e n t i r e  tank area. 

I n  space the re  i s  no na tu ra l  f o r c e  t o  seat the  pro- 

For ins tance ,  t h e  separa t ion  j o l t s  and thermal grad ien ts  may have a 
s i g n i f i c a n t  e f f e c t  on the  behavior of t h e  f l u i d .  
tude con t ro l  system cons is t ing  of two sets of small rocket  engines which 
are f i r e d  t o  ad jus t  a t t i t u d e ,  w i l l  c e r t a in ly  induce propel lan t  s loshing 
which must be dampened out ,  

Act ivat ion of t h e  a t t i -  

To maintain t h e  hydrogen i n  a s e t t l e d  condi t ion -- as i f  t he  veh ic l e  
were s tanding upr ight  on e a r t h  -- designers must create an a r t i f i c i a l  
g rav i ty  wi th in  t h e  o r b i t i n g  vehicle .  
accelerate t h e  vehic le  s l i g h t l y ,  continuously, i n  i t s  o r b i t .  This accel-  
e r a t i o n  must be s u f f i c i e n t  t o  keep the hydrogen s e t t l e d  once the  s t a g e ' s  
small u l l a g e  rocke ts  have s e t t l e d  it i n i t i a l l y  but  must not  use  up too 
much f u e l  o r  accelerate t h e  veh ic l e  enough t o  change i t s  o r b i t  appreciably. 
The most promising way of providing t h i s  s m a l l  continuing t h r u s t  i s  by 
vent ing t h e  hydrogen tank i t s e l f  -- expel l ing  bene f i c i a l ly  t h e  gases 
c rea ted  wi th in  the  tank by evaporation due t o  t h e  hea t  input.  

The simplest  way t o  do t h i s  is  t o  

Gases expel led through two s m a l l  nozzles  point ing rearward w i l l  g ive 
t h e  s t age  a minimum of about s i x  pounds forward push which w i l l  he lp  
maintain t h e  proper condi t ion i n  t h e  tank. 
should keep t h e  propel lan ts  e s s e n t i a l l y  s e t t l e d ,  
mission, two 70-pound t h r u s t e r s  w i l l  f i r e  j u s t  p r i o r  t o  restart of t h e  
main engine t o  " f in i sh  the  job" and assure a completely acceptable  s t a t e  
wi th in  t h e  tank. 

This constant  forward t h r u s t  
On an a c t u a l  Saturn V 

There w i l l  not be a r e i g n i t i o n  of t h e  second s tage  main (J-2j  engine 
i n  t h i s  mission. 
not  g r e a t  enough t o  ca r ry  propel ian ts  s u f f i c i e n t  t o  perform t5ese  s tud ie s  
s a t i s f a c t o r i l y  and a l s o  have enough oxid izer  (LOX) and pressurants  l e f t  
over t o  do an a c t u a l  second burn. 
have meant compromising one of them to an unacceptable degree. 
s ince  the  engine has  been restarted many t i m e s  i n  ground tes ts  and the re  
i s  no ser ious  quest ion about i t s  operat ion,  a r e s t a r t  i n  o r b i t  was ru led  
ou t  i n  favor  of more extensive propel lant  s tud ies .  
s t e p s  i n  t h e  r e s t a r t  cycle  w i l l  be taken except i g n i t i o n  i t s e l f .  

The uprated Saturn TIS weight-lifting c a p a b i l i t y  i s  

To have attempted both goa ls  would 
Therefore,  

Thus v i r t u a l l y  a l l  

-more- 
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Aside from propel lan t  venting and f l u i d  dynamics, t he re  a r e  o t h e r  

The m a t t e r  of hea t  t r a n s f e r  through t h e  tank w a l l  
One s i d e  of the  tank w i l l  be f ac ing  t h e  sun during a por- 

s i g n i f i c a n t  unknowns. 
i s  important. 
t i o n  of t h e  o r b i t  while the  o the r  faces  t h e  cold void of space. S c i e n t i s t s  
assume but  do not know t h a t  t h i s  high h e a t  input  w i l l  cause a cons iderable  
bui ldup i n  evaporation of t h e  hydrogen. I f  t h i s  is no t  t h e  case ,  t h a t  
i s ,  i f  p rope l lan t  bo i l i ng  a t  the  tank sk in  causes the  tank w a l l  t o  become 
vapor bound and thus reduces the  amount of evaporation, t h i s  could necessi-  
t a te  modif icat ions t o  provide addi t iona l  pressurants  f o r  restart. 

I n  t h e  uprated Saturn I program, the  S-IVB s t a g e  i s  not required t o  
r e i g n i t e  i n  e a r t h  o r b i t .  
t o  simulate a Saturn V version. 

Therefore t h e  s t age  f o r  t h i s  f l i g h t  was modified 

The two 70-pound t h r u s t e r s  used on Saturn V vers ion  as u l l a g e  rocke ts  
t o  complete the  s e t t l i n g  of the  propel lants  p r i o r  t o  t h e  r e i g n i t i o n  of t he  
5-2 a r e  not  present  on the  203 vehicle .  To s u b s t i t u t e ,  l e f t o v e r  gases  i n  
t h e  s t a g e ' s  l i qu id  oxygen tank w i l l  be vented a f t  through two nozzles.  
This w i l l  f u rn i sh  some 30 pounds of u l l a g e  t h r u s t ,  s u f f i c i e n t  f o r  t h i s  test. 
(This i s  i n  addi t ion  t o  the  continuing t h r u s h o f  about s i x  pounds minimum, 
which w i l l  come from vent ing the  hydrogen tank). 

Following 5-2 engine c u t o f f ,  a s m a l l  LOX r e s idua l  p lus  some 600 
pounds of gases (helium used f o r  pressur iza t ion  and gaseous oxygen) w i l l  
remain i n  the  tank and w i l l  be used repeatedly f o r  u l l a g e  t h r u s t i n g  a s  
the  var ious  phases of t he  mission are  c a r r i e d  out. 

Besides the  LOX vent ing and continuous hydrogen vent ing systems, o t h e r  
addi t ions  t o  t h i s  s t age  t o  make it c lose ly  s imulate  t h e  Saturn V S-TVB 
include an t i - s lo sh  b a f f l e  and de f l ec to r  wi th in  the  hydrogen tank t o  he lp  
con t ro l  the  l i q u i d ,  chilldown and c e r t a i n  o the r  r e s t a r t  f e a t u r e s  of t he  
engine . 

The hydrogen tank of t he  upper s t age  w i l l  be heavi ly  instrumented t o  
r epor t  t o  ground s t a t i o n s  how the  l i g h t ,  powerful f u e l  r e a c t s  t o  t h e  var ious  
methods which have been devised t o  harness it  i n  space. Among the  in s t ru -  
mentation w i l l  be two t e l ev i s ion  cameras which w i l l  send p i c t u r e s  t o  fou r  
ground s t a t ions .  Engineers observing TV monitors a t  t h e  s t a t i o n s  w i l l  be 
ab le  t o  see  t o  what degree t h e  f u e l  management techniques a r e  successful .  
I n  some s i t u a t i o n s  they w i l l  be able t o  vary t h e  sequence and t iming of 
events a l o f t  t o  assure  success of the o r b i t a l  exercise .  

-End- 


