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nical Information Summary Concerning SATURN 

This memorandum outlines, through a ser ies  of sketches with accom- 
panying text, the general features of the sixth SATURN I launch vehicle. The 
sketches a r e  devoted primarily to the launch vehicle but also presents limited 
information on .the spacecraft, the launch facility and launch preparations. The 
information presented in this summary was compiled through the efforts of 
R&DO personnel from P&VE, AERO and ASTR. 

1. SATURN I Program Background 

The SATURN I Program had a s  i ts  primary objective the develop- 
ment of a two stage launch vehicle which would be used to place manned Apollo 
spacecrafts into low earth orbit. Redirection of this program has limited its 
scope to the research and development phase only. The program now consist,; 
of 10 vehicles which a r e  divided into two main groups: Block I (SA -1 through 
SA-4) and Block I1 (SA-5 through SA-10); During the past 2 1/2 years  the f i rs t  
five SATURN I vehicles were launched successfully from Cape Kennedy. 

In the Block I ser ies ,  only the S-I Stage was propelled and the 
vehicles were limited to short range ballistic trajectories. Launch vehicles 
SA-5 through SA - 10, which have approximately 20, 000 pound payload orbital 
capability, consist of live S-I and S-IV Stages controlled by a separate instru- 
ment Unit located immediately abov'e the S -1V Stage. 

Like SA-5, the five remaining Block I1 vehicles will be used to 
orbit la rge  unmanned payloads. These vehicles will be launched during the 
next few years  from Launch Complex 37B a t  Cape Kennedy. 
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2. Mission Objectives 

In addition to the mission objectives assigned to SA-5, SA-6 
will: 

a .  demonstrate the clos ed-loop performance of the vehicles 
ST-1 24 Guidance System during S-IV burn. 

b. demonstrate the compatibility of Launch ~ e h i c l e / ~ ~ o l l o  
Spacecraft (both preflight and inflight) and of Launch ~ a c i l i t ~ / ~ p o l l o  Space- 
c raf t .  SA -6 i s  the f i r  s t  S A T U R N / A ~ O ~ I O  (boilerplate) flight tes t .  

c. verify the Spacecraft 's  inflight environmental parameters .  
d. demonstrate the Spacecraft 's  normal  LES tower jettison 

scheme. 

3.  Mission Profi le  

SA-6's payload will be launched into a low earth orbit  f rom 
Launch Complex 37B. After liftoff, the vehicle will roll  to the flight 
azimuth, program downrange during S-I and S-IV burn and guide the 39,300 
pound payload (boilerplate Apollo Spacecraft, t IU and S -1V Stage) into orbit. 

The orbital  parameters  for the f i rs t  pass  a r e  expected to be: 

Perigee . . . . . . . . . . . . . .  183 km 
Apogee . . . . . . . . . . . . . .  230 km 

- -. . Inclination . . . . . . . . . . . . .  3 1.8  deg. 
Period . . . . . . . . . . . . . .  88 1/2 minutes 
Lifetime . . . . . . . . . . . . . .  5 days (nominal). 

Verification of orbit and continilal updating of orbital parameters  will be 
obtained from the world wide Minitrack system and from additional infor- 
mation provided by the ground and inflight radar  systems and long range 
cameras .  

- - - - - - - - - -  

NOTE: In issuing this summary,  we would like to acknowledge the a s s i s t -  
ance given us by severa l  MSFC groups. 

Additional copies of this report  may be obtained f rom the following 
personnel: 

AERO, R.  Teague, 876-4443 
P & V E ,  0. E. Moon, 876-127'7 
ASTR, C. B .  Jones,  876-3692. 
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~ p c c c m ~ t  ( M ~ c / N A ~ )  

m s t r u m c n t  unit ( M S F C )  -- 

s :a  shy (DAC) 

s-I s 4 a y  ( M S F C )  

V e h ; c l e  oa-'- 

v e h ; c \ c  wc<~~ht-  : 

-Dry - \ 5 3 , 0 C ~  Ibs. 

-h+ 5-1 ' ,go i t ion -v \ , \+5;0oo Ibs. 

~t i o j e c t ~ b n  ( 5-TZ , r~ , Q: 
~ ~ a c c c v ~ f k  ,- 37,300 \br.) 

V c h i c l c  overs\\ Ien9CL\ - 19 1 ftr 



Trajectory Infornlation 

The t rajectory for SA-6 was shaped to achieve verification of the 
environmental parameters  ( temperature,  pressure ,  e tc . )  to which the 
Spacecraft was designed. 

In addition, the vehicle will be suSjected to a special ST -90s  tilt program 
maneuver to achieve a 4 O  angle of attack during S-I burn. This i s  being 
done to  provide aerodynamic data for the continued investigation of the 
rol l  moment phenomenon which was present during S-I burn on SA-5. 

The low orbital  injection altitude (183 km),  in combination with the near  
c ircular  orbit  resul ts  in a rather  brief orbital lifetime (nominally 5 
days o r  8 0  orbi ts) .  
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Guidance and Control System. 

Although the Guidance and Control System hardware for SA-6 i s  quite 
s imilar  to that flown on SA-5, i ts  functions in  the vehicle system a r e  
completely changed. In SA-6: 

1. The ST -1 24 Guidance System provides closed-loop path 
guidance (steering) signals (path adaptive in the pitch plane and D - 
minimum in the yaw plane) to the Flight Control Computer starting 18 
seconds af te r  S-I outboard engine cutoff. When the S-IV attains the 
prescr ibed velocity, the ASC-15 Digital Computer goes into the fast  
computation mode to a s s u r e  that the velocity cutoff signal i s  precisely 
given. 

2. The ST-90s provides tilting and attitude e r r o r  ( Pp,y!R ) 
signals for vehicle control until the ST-124 takes over control a few 
seconds before path guidance i s  introduced. 

3. In order  to achieve sa.tisfactory guidance and control . 
system hardware performance, the control ra te  gyros provide tha 
required vehicle attitude ra te  (.; ! P,YIR 

) signals during S-IV burn. 
During S-I burn, the f i l ters  In the Flight Control Computer provide 
the equivalent -'j 

~,'i , ;.: signals. 

4. The S-IV Stage DAC actuators flown on SA-5 have been 
superceded by MOOG actuators on S-IV-6. 

5. A special  Guidance Command System test  will be made 
about 20 minutes af ter  S-IV cutoff from-Ascension Island, 
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Control and Ti1.t P rogram Information 

The control system gains ( aO,  a l ,  g2) a r e  very s imilar  to SA -5 ' s  except 
for those minor changes required to meet vehicle differences. The 
introduction of A-minimum guidance has added eo and e l  gain t e rms  
to the system. 

During S-T burn the ST-90s sys tem's  pitch program transmission 
provides the tilting signals to the vehicle control system. Tilt  a r r e s t  
s t a r t s  a t  134 seconds (before S-I  inboard engine cutoff) and the vehicle's 
t i l t  angle is constant until after the ST-124 system takes over the 
vehicle attitude control functions some 14 seconds after s -I/S -IV 
separation. The vehicle 's  tilt angle i s  kept constant during this 
period (134 to 164 sec.  ) to  minimize disturbances, especial1 during 
the switchover of the platform systems. 
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Roll Maneuver - ST -90s Stabilized Platform 

The SATURN vehicle i s  constrained to be placed on the launch pad at  a 
launch azimuth of 90° E of N; therefore,  the ST-90s stabilized platform 
must  be aligned to the flight azimuth (105') on the pad. To accomplish 
this ,  the platform i s  torqued from the initial geometrically fixed and 
measured azimuth thru the roll  maneuver angle which i s  then stored in 
the azimuth drive system. Eight seconds af ter  liftoff the vehicle rolls 
thru  15O to the flight azimuth driven by the A'(;_: signal f rom the platform. 

The preparation for  the ST -1 24 stabilized platform roll program (passive) 
i s  ra ther  s imi lar .  After fine erection of the ST-124, it is  aligned to a 
geometrically fixed and measured azimuth and then torqued to the flight 
azimuth. The rol l  angle through which the gimbal moves is  stored in 
the ASC-15 computer; 10 seconds after liftoff the command modules in 
the GSP-24 a r e  unlocked and the ST-1 24 rol l  program s t a r t s  (maximum 
ra te  of 1°/sec) .  
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Space Vehicle Weight vs Flight Time 

The total burning time to orbit for S A - 6  is  10 1 / 2  minutes ( S - 1  . . . . 
2 1/2 min. ; S-IV . . . . 8 min. ) with a single separation ( a t  the top of 
the S - I V  aft  interstage) occuring a t  about 147 seconds. During this 
t ime the total propellant consumption is  952, 000 pounds: 

1. S-I . . . . 853, 000 pounds including both thrust decays 

2. S-IV . . . 99, 000 pounds, assuming 2000 pounds of 
propellants remaining af ter  S-IV thrust  decay which were  allocated for 
performance r e se rve  and mixture ratio variations. 
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Vehicle Tracking Systems 

1. Azusa and C-Ba.nd Radar Systems. 
The Azusa ground station determines successive trajectory 

positions of the vehicle by continuous phase comparison between the 
signals transmitted to and received from the onboard transponder. The 
C-Band Radar Transponder onboard the vehicle provides (upon interro-  
gation from the ground) a single pulse reply to the FPS -1 6 ground radar  
system. These signals a r e  fed to a ground computer complex to obtain 
position, velocity and acceleration information. These t rajectory data 
a r e  presented on plotting boards for the range safety officer to use in 
determining " rea l  time" vehicle t ra jectory parameters .  In addition, 
they a r e  a l so  used for the post flight determination of the vehicle 's  
t ra jectory.  

2. MISTRAM System. 
The basic MISTRAM system consists of a vehicle borne 

transponder,  a central  ground station and four remote ones. The system 
determines the position and velocity of the vehicle by the use of long 
baseline interferometer  radar  measurements and triangulation tech- 
niques. The measured t rajectory data i s  fed into a computer for r ea l  
t ime computations and i s  a l so  stored on magnetic tape for post flight 
analysis;  

3.  ODOP System. 
The vehicle 's  ODOP transponder t ransmits  a continuous 

wave signal (a t  70 mc above the received frequency) to the ground 
receiving stations where the doppler shift-(due to the radial  velocity 
of the vehicle) i s  used to provide trajectory data for the post flight 
evaluation of the vehicle 's  performance. 

4. Radar Altimeter System. 
This system i s  being flown a s  a developmental passenger.  

It i s  a pulsed r ada r  system which alternately t ransmits  and receives 
signals through a single antenna installed on the Fin I line of the vehicle 
to determine vehicle altitude. It t ransmits  the digitally encoded altitude 
data via the P C M  telemeter  to ground receiving stations. 

5. Minitrack System. 
This beacon provides a low power continuous sj.gnal to the 

world wide Minitrack network stations to enable a precise  determina- 
tion of the orbital parametel-s of the ~ - ~ ~ / ~ ~ / S ~ a c e c r a f t  over a period 
of approximately 5 days. (Electr ical  power is  provided to operate the 
~ i n i t r B c l c  beacon for 20 days. ) This information will be used to more  
accurate1.y determine the orbital parameters .  
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RP-P System. 

The sumps of all RP- l  tanks a r c  interco~neeted to ensure uniform RP-1 usage. 
To prevent temperature s'Lr'2tifjc2tii,h order LO improve engine starting 
ckaractcristics, GN2 -from a goimcl  source is bubbled 'clwough the engines XP-1 
suction lines froin the d a r t  of LOX loading ~ult i l  T-150 seconds. The fuel tanks 
are pressurized with GN2 fro:n two, 20 cu. ft. spheres in order to meet the net 
positive suctioiz head (PJFSTI) requiresnent of the engines. 

LOX System. 

The LOX tank s ~ ~ m p s  a r e  iniej-connected for uniform LOX usage. To prevent 
temperature stratil'icatio-n oC LOX in the engine suction lines and LOX tanks, 
cold helium fsom a gcormcl supply is bub"uled Il~rough the system and out the 
forward vent valves. Helii~m bubbling conti~it~es from the start  of automatic 
sequencing ~mt i l  the p-opdlani tanks a r e  pressurized. k~i t ia l  pressurization 
of the LOX tanks is providccl l ~ j i  grouncl supplied helium. During flight GOX 
produced by a heat cxchz-zger 01-1 czch el~gine suppliss the required LOX tank 
pressure. 

3-1 Stage Propellant Loadin:<. 
-...A 

-- 
- - - 1 5 3 ~ e ~ - 1 0 3 5 e ~ .  LO. 

T i n - ~ e  t o  L i f  to&"_- -----. 
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a Ion H-1 Eneine O ~ e r  t '  

The s t a r t  signal f rom a ground source ignites the solid propellant 
gas  generator  (SPGG) or  turbine spinner, which accelerates  the LOX 
and RP-1  pumps. Increasing fuel pressure  opens the main LOX valve 
which in turn opens the sequence valve. Fuel pressure  ruptures the 
hypergolic car t r idge.  When the R P  -1 and hypergolic fluid contact the 
LOX in  the thrust  chamber pr imary  ignition occurs.  Propellant p r e s  - 
s u r e  in the injection resu l t s  in opening of the main fuel valve and also 
causes propellants to flow into the liquid propellant gas generator 
which provides sustained turbine operation. 

Engine cutoff signals a r e  initiated by the program device in the instru-  
ment unit through the S -I stage flight sequencer. The cutoff signal opens 
the explosively actuated Conax valve causing equalization of RP-1 p r e s  - 
s u r e  a t  the main LOX valve and the valve closes.  

H -1 Operational Sequence 
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H -1 Engine Gimballing System 

Each of the four  outboard H-1  engines is suspended from the base of the 
stage thrust  s t ruc ture  by a gimbal mount so  that engine thrust  can be 
directed for vehicle attitude control and steering. Two hydraulic actu- 
a t o r s  gimbal each engine in response to  signals f rom the flight control 
computer located in the I U .  

The actuators  a r e  pa r t  of an  independent hydraulic system on each 
gimballed engine. Hydraulic fluid flows to the actuators f rom the high 

' 

p r e s s u r e  accumulator and is returned to the low p res su re  reservoi r .  
The electr ic  motor driven auxiliary pump operates only during prelaunch 
checkout of the gimballing system. 
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LOX System. 

The LOX'tadr is filled from a 30 p i g  ground storage system. Loading is 
controlled by the propellant utilization (P. U. ) system which receives data 
from the LOX mass sensor. Pressurization of the LOX tad< is required to 
meet the net positive suction head (NPSI-I) requirements of the RLlOA-3 engines. 
At the s tar t  of automatic sequelicing tile tank i s  pressurized to 47 psia by cold 

, helium from a ground source. Tank pressure i s  maintained during S-I burn by 
cold helium from the spheres in the LH2 tank. During S-IV burn, helium from 
these ppheres is heated and expanded bjr the helium heater. ff tank pressure 
drops to 40 psia the ten back up pressurization s2heres supply necessary tank 
pressure. 

LH2 System. 

The EW2 tank is filled from a 70 psig gro~md source. The P. U. system controls 
LH2 loadjng receiving data from the LB2 mass sensor. Pressurization of the 
LH2 tank is required for increased stage s t l 'uc l ra l  strength arnd to meet NPSH 
reqlirzments of the RLIOA-3 engines. Prior to liftoff the tank is pressurized 
to 37 psia by cold helium from a g r o ~ ~ n d  source. During LH2 cooldowlr the tank 
pressure is maktained tit 37 psia by the make-up helium sphere. After engjne 
ignition GH2 from each RLIDA-3 engine rtlaintains a tank pressure of 35 -38 psia. 
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RLlOA-3 E ~ g i n e  Operation. 

Before the engines a re  s t a ~ t e d , L H ~  and LOX flow through the engine lines at 
a reduced ra te  in order to cool closvn engine cornpo~ents to prevent the vapori- 
zation of LH or  LOX. Vaporized propellants would cause pump cavitation, 
and GOX in t i e  propellant utilization valve o r  the propellant injector would 
res t r ic t  LOX flow. 

During engine operation LH2 flows from the fuel pump through the thrust 
chamber cooling tubes where i t  cools the thrust chamber, absorbs heat and 
is converted to  GH2. The GB2 expanding through the txrbine drives the LH2 
and LOX pumps. 

The three engine shutoff valves and the two LH2 pump cooldown valves a r e  
activated by helium at  455 psig which is controlled by the EH2 pres twt ,  LOX 
prestari; and s ta r t  solenoids. 

RLIOA-3 OperaJional Sequence, 
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RLlOA-3 Engine Gimbaling System. - 

Each of the six RL1OA-3 engines is suspencled by a gimbal mount from the base 
of the stage thrust structure so that engine thrust can be directed for vehicle 
attitude control and steering. Two hyclraulic actuators gimbal each engine in 
response to signals from the flight control coinputer in the instrument unit. 

The two hydraulic actuators a r e  part of an independent hydraulic system on each 
engine which includes two pumps which provide hydraulic pressure to each 
aduator.  The electric motor driven pump operates only during prelaunch check- 
out of the gimbaling system. 
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P r o ~ e l l a n t  Utilization System 

The P. U. sys tem controls  propellant loading and engine mixture rat ios  
(LOX to LH2) to a s s u r e  balanced consu&ption of LOX and LH2. The 
sys tem controls propellant loading, measures  propellant m a s s  a t  liftoff 
and stage ignition to within 5270 and limits engine mixture ratio e r r o r s .  
The sys tem can vary the nominal 5 to 1 (LOX to LHZ) mixture ratio 
i-107'0. 

The S -1V engine cutoff arming signal f rom the P. U. sys tem i s  a. backup 
to the program device arming signal. The step pressurization command 
increases  the flow of GH2 to the LH2 tank raising the p res su re  to about 
40 psia  a t  S-IV cutoff. 
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