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SUMMARY 

Instrumentation sf the Saturn space vehicle represents a considerable 

effort during the development phase, %or proper design evaluatian of this 

new configuration, its propulsion system, and its structure and control 

characteristics, an unprecedented number of measurements are required to 

be carried onboard and to be recovered, These measurements are expected 

to work properly and to furnish the design engineer with information that 

is not available by ground tbsting, 

This paper reviews the Saturn instrumentation philosophy and describes 

the instrumentation system used on the first two flight tests, 

Based on flight tests of SA-I and SA-2, the actual performance of 

the instrumentation system and the quality of recovered data with respect 

to accuracy and reliability are examined. 

SATURN INSTRLrMENTATION 

In watching a phase of a space vehicle's spectacular launching, 

especially the first Saturn shortly after takeoff, most observers are 

fascinated by the noise and flame of the propulsion system, by the giant 

size of the space vehicle, and by its steady, properly-conkrolled flight 

into the blue sky (figure 11, 

The thousands of small items representing the i-3strzn?ectatic-1 system 

generally perform unnoticed; yet the recovery of flight test data greatly 

depends on these items. 



Instrumentation and communication engineering, in its true sense, 

has no purpose of its own; in reality, it is a service to the development 

engineer in his effort to build space vehicles and to make space flight, 

in general, more efficient, economical, and reliable. 

In planning a flight test program for a project such as the Saturn, 

the gathering of requirements for flight measurements appears to be the 

first step, In practice, however, the instrumentation engineer does not 

have to gather; he is overwhelmed with requests and must consequently 

disappoint propulsion, structure, aero-dynamics, guidance and control 

engineers by denying them a large percentage of - in thein: opinion - 
essential flight test data. For example, about 2,000 flight measurements 

were requested for SA-1; not quite 600 could finally be accsmmodated, 

The question may well be asked: What is the reason for such limita- 

tions? The answer is that some requirements just can noL be translated 

into vehicle-borne equipment because of the fallowing reasons. 

1, There is no method known to sense parameters as requested. 

2, Even if laboratory equipment exists, it may not be suitable 

for the environment of a flight test. 

3. Limitation by the transmission system may render unsatisfac- 

tory data. 

4. The time frame for design release, vehicle assembly, and test 

may not agree with procurement, research and development, and testing 

requirements. 

5. Priority of mission assignments to special flight tests. 

6. Particular consideration of volume; here all phases must be 

considered, beginning with preliminary development work in the laboratory 

over packaging, testing, checkout, calibration, static test, preflight 

test, recovery, and recording and ending with analysis and evaluation. 

In describing instrumentation on SA-1 and SA-2, I will assume that 

general vehicle characteristics have been presented elsewhere and o ~ l y  

briefly discuss the vehicle and its trajectory, 



Figure  2 shows t h e  major f e a t u r e s  of t h i s  p a r t i c u l a r  v e h i c l e  conf ig-  

u r a t i o n  i n  some d e t a i l .  The S-I  s t a g e  c a r r i e s  e i g h t  engines s i m i l a r  t o  

t h e  type flown i n  t he  Jup i t e r  and Thor programs. I t s  tank conf igu ra t ion  

i s  c l u s t e r e d  wi th  e i g h t  ou t s ide  tanks of 70 inches diameter ,  s l~r rounding  

one inner  tank of 105 inches diameter.  The adapter  s e c t i o n  between t h e  

f i r s t  and second s t ages  c a r r i e s  four  instrument c a n i s t e r s  where a l l  i n s t r u -  

mentat ion c o n t r o l  and o the r  e l e c t r i c a l  equipment a r e  housed. The second 

and t h i r d  s t ages  a r e  dummies S-IV and S-V, r e spec t ive ly ;  t he  nose resembles 

t h e  J u p i t e r  nose cone wi th  angle-of -a t tack  meters and p r o t e c t i v e  cover 

m a t e r i a l  a s  used w i t h  the  J u p i t e r  p r o j e c t .  The l i f t o f f  c a p a b i l i t y  i s  

approximately 920,000 lb s  and the  takeoff  t h r u s t  i s  about L,300,000 lb s .  

Ins t rumenta t ion ,  which must be loca ted  i n  the  v i c i n i t y  s f  t he  engine csm- 

partment ,  i s  mounted below the  tanks.  

F igure  3 shows t h e  t r a j e c t o r y  t h a t  had a  propel led  time of 111 seconds 

where t h e  four  inbaard engines were c u t  o f f .  A t  1 1 7  seconds the  outboard 

engines were c u t  o f f ,  and from then on t h e  v e h i c l e  followed a b a l l i s t i c  

t r a j e c t o r y .  When f i r e d  under an  azimuth of 100 degrees e a s t  of no r th ,  

t he  v e h i c l e  reached an  a l t i t u d e  of 143 ki lometers  and impacted 365 kilom- 

e t e r s  from the  launching s i t e .  

The t a s k  of an  ins t rumenta t ion  engineer i s  t o  a s su re  t h a t  d a t a  r e -  

covered from such a  f l i g h t  t e s t  - represent ing  a  s i z a b l e  e f f o r t  i n  engi-  

neering and d o l l a r s  - a r e  s u i t a b l e  t o  analyze parameters which a r e  i m -  

p o r t a n t  f o r  t h e  mission ass igned  t o  t h i s  p a r t i c u l a r  t e s t  f l i g h t .  I n  t he  

case  of SA-1 and SA-2, t h e  p r i o r i t y  had been s e t  a s  follows: performance 

of t he  e ight -engine  propulsion system, c h a r a c t e r i s t i c s  of s t r u c t u r e  and 

t anks ,  behavior and use  of p rope l l an t s ,  and f i n a l l y  the  f l i g h t  dynamics 

and c o n t r o l ,  

The f i r s t  measuring program f o r  SA-1 shows an i s s u e  d a t e  of May 28 ,  

1959, wi th  a  launch da t e  of October 27, 1961, amounting t o  almost e ighteen  

months lead-time. Changes - t he  d a i l y  bread of a n  instrumer?tat.ion engi -  

neer - had t o  be incorporated a s  time progressed. The f i n a l  measuring 

program contained t h e  following ca t egor i e s  a s  shown i n  figlare 4 i n  con- 

densed form f o r  SA-1 and i n  f i g u r e  5 f o r  SA-2. 



As a matter of policy, Marshall Space Plight Center prefers t o  pur- 

chase items, whenever possible, from industrial sources and to modify 

them if required or to initiate development. Items that cannot be prs- 

cured are developed in our existing laboratories. All components and 

systems are intensely tested before they are approved for flight tests. 

Details on every sensor or associated electronic circuitry cannot be 

discussed here; however, I would like to direct your interest to a system 

used to adapt various types of end organs with respect to their electrical 

output to the telemetry set. A system that performs this function and 

also allows tests, adjustments, and remote calibration is shown in 

figure 6. These units have been developed as easily exchangeable plug- 

ins called modules, 20 of which are housed in one rack. The heart is an 

amplifier that can be made to operate in various modes by an exchangeable 

sub-module board; 287 of these modules, shown in figure 7, have been 

flown for adapting sensors of dc-ac pulse and other type outputs into 

the telemetry system which required, in general, 0-5 volt positive dc 

looking into 100 K ohms. 

The telemetry system suitable to transmit the foregoing data was 

selected mainly by two considerations. 

1. What equipment could be made available within schedule 

requirements without compromising on quality? 

2. What typical Saturn characteristic could be satisfied within 

the restriction of consideration #1? 

An FM/m telemetry set in its basic form, previously developed at 

the Marshall Space Plight Center, was selected for the first consideration. 

In turn, this selection made possible, at least partially, a sobuDion for 

the second consideration by complementing the basic equipment with a 

variety of specially developed switching and time multiplexing devices. 

Typical Saturn characteristics such as the eight engine concept, clustered 

tanks, and critical environment areas could be monitored. 

Figure 8 shows the telemetry system as flown with SA-1; it consists 

of eight basically identical sets with the necessary special features added. 



The t r a n s m i s s i o n  f requency and t h e  channel  c a p a c i t y  a r e  a l s o  shown. Un- 

f o r t u n a t e l y ,  t h e  r e s u l t s  of a n  a n a l y s i s  o f  bandwidth requ i rements  cou ld  

n o t  be  s a t i s f i e d  f o r  SA-1. A compromise was reached  by sampling i n  t ime 

i n t e r v a l s  wideband d a t a  such a s  v i b r a t i o n  i n f o r m a t i o n ,  e t c .  En SA-2 

( f i g u r e  9 1 ,  however, we were a b l e  t o  s u b s t a n t i a l l y  improve t h i s  c o n d i t i o n .  

Here we i n t r o d u c e d  two s e t s  o f  wideband d a t a  t r a n s m i s s i o n  t e l e m e t r y  

of t h e  s i n g l e  s ideband type.  Each s e t  has  a  c a p a c i t y  of  15 cenr inuous  

channe l s  w i t h  a  f requency response  from 50 t o  3,QQO c y c l e s .  A l l  okher  

s e t s  a r e  s i m i l a r  o r  i d e n t i c a l  t o  t h e  ones a l l o t t e d  t o  SA-1 .  One g l a n c e  

a t  t h e  b l o c k  diagram of t h e  s i n g l e  s ideband t e l e m e t r y  sys tem (fig-rare 10) 

w i l l  make you aware of t h e  s i m i l a r i t y  w i t h  c a r r i e r  c o m ~ u n i c a t i o ~  t e c h -  

n iques  used i n  t e lephone  n e t s .  Besides  common prohlems i n  t h e  develog-  

ment and e n g i n e e r i n g  of such a  new t e l e m e t e r i n g  system,  one p a r t i c u l a r  

d i f f i c u l t y  had t o  be  s o l v e d  - t h e  bandpass f i l t e r s .  R e s u l t s  of env i ron-  

menta l  t e s t i n g ,  which was s t i l l  going on d u r i n g  t h e  t ime t h e  v e h i c l e  was 

b e i n g  p r e p a r e d  and checked o u t  f o r  f l i g h t  t e s t ,  n e c e s s i t a t e d  a  change i n  

mounting of t h e  f i l t e r  can  w i t h  r e s p e c t  t o  t h e  f l i g h t  d i r e c t i o n .  A f t e r  

t h i s  was accomplished,  t h e  sys tem performed a s  expected.  

Measuring and t e l e m e t e r i n g  systems g i v e  p roper  f l i g h t  loformation 

and d a t a  c r e a t e d  by and i n  t h e  v e h i c l e .  Radio freqsnency systems a r e  

concerned w i t h  t r a n s m i s s i o n  of s i g n a l s ,  c o n t r o l  s o m a n d  l i n k s ,  and t r a c k -  

i n g  sys tems a s  p a r t  of ground i n s t r u m e n t a t i o n .  F i g u r e  11 shows i n  b l o c k  

form t h e  r a d i o  f requency systems used w i t h  SA-I and SA-2. The command 

system of  t h e  t y p e  DRW-13 i s  a r r a n g e d  i n  p a r a l l e l  a s  r e q u i r e d  by Range 

S a f e t y  R e g u l a t i o n s .  The Azusa system, C-band r a d a r ,  S - b a d  r a d a r ,  and 

t h e  UDOP system were  employed t o  p rov ide  t r a c k i n g  d a t a ;  i n  t h e  c a s e  o£ 

Azusa and C-band, b o t h  systems were used f o r  range  s a f e t y  purposes  a s  w e l l .  

The UDBP ( u l t r a  h i g h  f requency Dovap) i s  the modi f i ca t i cw of the ctld Dnppler 

sys tem former ly  used f o r  t r a c k i n g  and guidance w i t h  t h e  V - 2 .  Higher  f re -  

quenc ies  a r e  u t i l i z e d  now t o  g a i n  h i g h e r  a c c u r a c i e s  of  trackins d 2 t - .  

The an tennae  shown i n  f i g u r e  12  have been deveioped w i t h f n  ehe 

M a r s h a l l  Space F l i g h t  C e n t e r ' s  l a b o r a t o r i e s  a s  i n t e & r a l  p s r t s  of rhe 



s t r u c t u r e .  They a r e  e i t h e r  cavity-backed s l o t s  o r  of t h e  leaky waveguide 

type. P a t t e r n  c h a r a c t e r i s t i c s  and antenna loca t ion  on the  v e h i c l e  were 

d i c t a t e d  by t h e  a t t i t u d e  of t he  v e h i c l e  during flight and hy  khe t r a j e c -  

t o r y  r e l a t i v e  t o  the  loca t ion  of r e spec t ive  ground s t a t i o n s .  

Telemetry commands and UDOP s i g n a l s  should reach ehe i r  grcTt.nd s t a t i o n s  

r ega rd l e s s  of t he  behavior of t he  v e h i c l e  t o  be a b l e  t o  analyze poss ib l e  

d e f i c i e n c i e s  o r  a  f a i l u r e ;  i d e a l l y ,  omnidi rec t iona l  p a t t e r n s  are requi red .  

The o the r  t r ack ing  a i d s  ope ra t e  on higher  frequencies  and somewhat d i r e c -  

t i o n a l  antenna p a t t e r n s ,  assuming normal behavior of t he  v e h i c l e  a s  p re -  

v ious ly  ca l cu la t ed .  

Af te r  t h i s  s h o r t  d e s c r i p t i o n  of t he  o v e r a l l  i n s t r u m e n t a t i ~ n  system, 

l e t  u s  d iscuss  t he  r e s u l t s  of t he  two t e s t  f l i g h t s :  SA-l on O c t o b e r  2 7 ,  

1961, and SA-2 on A p r i l  25, 1962. Both t e s t s  have been extremely success-  

f u l .  

The r e s u l t s  of an  eva lua t ion  of t he  measuring and telemeter ing pe r -  

formance a r e  t abu la t ed  i n  f i g u r e  13; ground s t a t i o n  r ece iv ing  and record ing  

equipment a s  w e l l  a s  playback and da t a  reduct ion  a r e  included. The e o l -  

umns (measurement type and t o t a l )  a r e  i d e n t i c a l  a s  presented wi th in  the  

condensed measuring program before .  For SA-1, we f i n d  2,1 percent of d a t a  

were p a r t i a l l y  usable  and 1.6 percent  were unusable.  For SA-2, .76 percent  

of da t a  was p a r t i a l l y  usable  and .76 percent  was unusable (figrzre 14).  

These r e s u l t s  apply t o  the  complete length  of f l i g h t ;  the  f l i g h t  o f  SA-2 

was d e l i b e r a t e l y  terminated by command i n  connect ion w i t h  P r o j e c t  Highwacer. 

I n  a d d i t i o n  t o  an  except iona l ly  good performance of t he  measuring 

and te lemeter ing  system, the  r a d i o  frequency system a l s o  worked p e r f e c t l y .  

A l l  t ransponders  performed c o r r e c t l y  and good t r a j e c t o r y  data  were con- 

sequent ly  recovered. On SA-2, the  command system had been ac tua ted  a ~ d  

showed t h e  des i r ed  r e a c t i o n  t o  i n i t i a t e  P r o j e c t  Highwater: the r e l e s s e  o f  

b a l l a s t  water  i n  65-mile a l t i t u d e .  The problem of flame attenuation h a d  

been a n t i c i p a t e d ;  however, the  e f f e c t  was minor because t - f  p r o p e r  d r s i g q  

and loca t ion  o f  the antennae. A comparison of p r e d i c ~ e d  2nd n~- :ua l !y  

recovered f i e l d  s t r e n g t h  i s  p l o t t e d  i n  f i g u r e  15 f ~ r  the t e l e rne~rv  s i g r ~ a l  



strength in dbm over flight time in seconds. Results on SA-1 and SA-2 

are comparable and encouraging for future flight tests. 

What is expected from the instrumentation sf space vehicles i n  the 

future? 1 like to select again the Saturn project. Now in its advanced 

development status, the C-5 version consists of three stages: S-IC, S-HI, 

S-IV, and its instrument unit. Figure 16 shows instrumentation ikems 

anticipated for developmental flight tests; payload requirements were not 

considered. 

Twenty-three telemetry links appear to be required of various types 

employing frequency modulation, single sideband techniques, and pulse 

code modulation. The system includes digital telemetering and  data a c -  

quisition systems for automatic checkout of stages as well as the complete 

vehicle system. The channel capacity based on such a layout will be 3,275 

which is suitable for more than 4,000 data points. Seventeen radio fre- 

quency links of different nature than used for telemetry will assure com- 

mand capability and correct tracking during all phases sf the flight. 

Without the experience gained from Saturn flights SA-1 and SA-2, an 

advanced project of the magnitude of Saturn C-5 does not seem t o  be pos- 

sible. With the instrumentation planned for the Sa.t.urns s first two flight 

tests and the quality of data successfully recovered, the design engineer 

can analyze the performance of the complete vehicle system. This w i l l  

enable him to gain an extensive amount of information and t-hen apply his 

knowledge to future developments; for example, the Saturn C-5. Helping 

to achieve such progress is a rewarding result for the instrumentation 

engineer. 
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