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TELEMETRY SYSTEM DESiGN FOR SATURN VEHICLES J 

By W. 0. FROST and D, E, NORVELL * 

SUMMARY 

This paper discusses the data eystem requirements for large apace 
vehicles and descr ibes  a flexible telemetry system design which i s  used 
on a l l  stages of the Saturn IB and Saturn V vehicles. The basic vehicle 
telemetry design provides standard assembly building blocks forming a 
versatile catalogue of par t  s f rom which a stage telemetry subsystem 
may be assembled to meet  a lmost  any conceivable monitoring require- 
ment. In addition to  i t s  inflight monitoring function, the telemetry 
subsystem a l so  provides rea l  t ime data acquisition for automatic vehicle 
checkout. 

INTRODUCTION 

The landing of man on the lunar surface and his safe return to ear th 
in this decade has been established a s  a national goal. In addition, a 
variety of sophisticated ear th orbital ,  lunar,  and planetary space 
missions a r e  in the implementation, planning, and proposal phases. 

A major  role in the national space program has been aeeigned to the 
Saturn IB and Saturn V space vehicles. The Saturn I consists of two 2 propulsion stages with a first-etage thrust of 7.1 x 10 newtons (1.6 million 
pounds) and the capability for placing 14,600 kilograms (16 tons) into low 
earth orbit. This vehicle has been assigned a variety of missions such a s  
orbital qualification of the Apollo spacecraft and Apollo crew training. 
It  i s  expected to assume the role  of workhorse vehicle for earth orbital  
operations, a s  the national space program progresses  into the decade of 
the seventies. The Saturn V i s  a three-stage vehicle having firbnt-sage 
thrust  of 33. 5 x lo6 newtons (7. 5 million pounds] and a capability for 
orbiting 109,000 kilograms (120 tons) o r  placing 38,800 kilograms (45 tone) 
into a lunar trajectory. This vehicle has been assigned the cr i t ical  role  
of starting men on their journey to the moon in this decade. In  addition, 
i t s  status a s  the most powerful launch configuration available to the 
planners of the national epace program aersures i t  a key role in advanced 
lunar and planetary missions. 

Undoubtedly, development of the Saturn family of launch vehicles 
represents  one of the most complex technical efforts ever undertaken by 
man.; To properly utilize the nations vast technical talent and industrial 
capability in this gigantic task, various industrial contractors were  
assigned key roles  in the design, manufacture, and test  of individual 
vehicle stages. These stages a r e  then integrated into a complete vehicle 
eyst& a t  the launch site,  This approach to  sharing the effort has 
generated unique and formidable problems in management relatbonekbpe 
between government agencies and laboratories,  etage contrastore,  and 
various system and subsyetem contractore. These management-oriented 
problems, the solution of which a r e  a s  essential  a5 technical solutions to 
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the reliability of the final vehicle system, have been founci to rival the 
technical problems in complexity. 

These technical and management problems a s  related to the choice of 
telemetry concepts, methods, and procedures,  and the subsequent 
solutions to these problems a r e  the subject matter  of this pager. 

SATURN TELEMETRY REQantREMENTS 

For  any given application of telemetry system techniques, there 
axiet  various design and operational restraints  imposed by the technical 
requirements,  the current  state-of-the-art ,  and the realit ies of Value 
and economic s .  There i s  seldom one"optimum" solution; therefore,  a 
design choice must be made from numerous alternatives based on t rade  
offs in system capabilities and limitations. A complex a r r a y  of 
requirements and coneiderations governed the selection of telemetry 
concepts, methods, and procedures for the Saturn vehicles. Some of 
the factors which guided the evolution of the Saturn telemetry design a r a  
diecuesed in the following paragrapha. 

Data Transmission Capacity. -The s ize and complexity of the Saturn 
vehicles plus the small  number of developmental vehicles preeentsd 
formidable problems in telemetry system data transmission capacity. 
Each vehicle tes t  required thorough instrumentation to obtain the 
maximum practical quantity of data; therefore,  the capacity of the 
telemetry system, in  t e rms  of both data bandwidth and quantity of 
measurements,  was important. In addition, a range of data types 
having widely varying character is t ics  had to be accommodated. These 
included vibration and acoustic measurements,  flowa, waveforme from 
servo control loopa, off-on evente with varied time-resolution 
requiremente, digital outputs of special transducers and aubeysterns, 
etrain measurements ,  and a myriad of temperature and pressure  
measurements.  

Flexibility. -The total number and the quantity of each type of 
meaeurement were expected to vary widely as the program progrsresd 
from initial developmental to operational vehicles. T h e  final 
operational vehicle configuration would retain a minimal telemetry 
system with greatly reduced capacity. A relatively long lead 'time 
(up to 18 monthe) was expected from the beginning of vehicle alesembly to 
launch. Since the resul ts  of vehicle testa would likely modify the 
measuring requirements placed on sube equent vehicles, late changes 
were to be expected aB the vehicles progreeaed through aasernbly and 
checkout. T h e s ~  considerations dictated considerable flexibility in  
telemetry deeign and integration into the vehicle. The telemetry decaign 
was required to accommodate these varying demande and Bate changes 
in measuring requirements without inconvenient and time-consuming 
modifikatione. 

monitor in^ of Vehicle Status and Readineaa, -Verifying the readbneaan 
of a l l  rsubaysteme in  a large,  complex epaca vehicle system entail@ the 
digestion and analyaia of tremendous quantities of data. TMe 
verification must  be repeated a number of t imes during the life rsf a 
vehicle stage: (1) a t  completion of manufacture, (2)  durhg and'aftas @&tic 
rlring of a stage, (3) severa l  timea during prelaunch tests ,  and ($1 durhg 



the countdown and launch sequence. The crit icali ty of theae tes t s  d 
the speed with which they must be performed in some situation8 indicate 
the use of automatic vehicle checkout procedures using capabilitiee of 
ground based digital computers. This checkout drrangement entails 
t ransmission of l a rge  quantities of rea l  t ime data f rom the vehicle to the 
checkout computer. Adaptation of the vehicle telemetry eubsyrtsm to 
perform this checkout data acquisition function, in additionto its traditional 
inflight monitoring role ,  minimizes the vehicle equipment required and 
logically becomes a design requisernent. This added asaignment imposes 
severa l  requirements on the telemetry system design: (a) The telemetry 
must  operate in a closed-loop mode during prelaunch checkout application 
without R F  radiation, (b) The telemetry equipment used in this 
application must be capable of extended hours of operation without significant 
degradation of performance, (c )  Since checkout operations were required 
on individual stages prior to mating of the stagee a t  the launch s i te ,  each 
s tage needed a n  independent self-contained data acquisition capability, 
(d) The increased weight of the vehicle equipment required to adapt to the 
new role  mus t  be minimized by utilization of subsystems for both checksMt 
data acquisition and flight monitoring, (e )  The closed-loop monitoring out- 
put must  provide a format  convenient for computer entry and an  appropriate 
means  of "addressing" and identifying the channels, (f) The checkout 
data acquisition system must  provide a means of checking the 
instrumentation itself; that i s ,  i t  mus t  poseess a self-check capability. 
In addition, cer ta in  missions required a verification of vehicle read inma 
during orbital  flight preceding second burn of the vehicle upper stage. 
The on-board guidance computer was to be utilized for cer ta in  of thegla 
t e s t s ;  therefore  a means of access  to telemetry data by the on-board 
computer was an additional system requirement. 

Design Commonality. -A number of considerations dictated use  of the 
s a m e  basic te lemetry design on a l l  stagee of the Saturn vehicle, Some 
of these factors a re :  (a)  A common telemetry design ensured 
compatibility with integrated telemetry ground support equipment (GSE) 
and receiving equipment a t  the launch s i te  and on the world-wide range. 
It  a l so  promoted compatibility of demultiplexing and data processing 
equipment a t  numerous locations, such a s  governmental laboratories,  
the launch s i te ,  contractor plants, static teet  facilities, and data 
reduction centers .  It tended to minimize the types and variety of euch 
required equipment and facilitated the exchange and correlation of 
te lemetry data between the various organization5 which were  involved, 
(b) The important role  of the telemetry system in acquiring data in real- 
t ime for use  in automatic checkout and control required format and 
other te lemetry signal character is t ics  pf the individual stages to  be 
identical, ( c )  The use  of a common telemetry design provides cost 
saving bue to: minimization of initial-design and development, decrease  
in prodsuction cost  resulting from grea te r  quantities of a ~ i v k n  dsaigm, 
decrease  in training requirements for personnel who must  handle the 
integrated vehicles, and expediting of configuration control procedure@, 
and (d) Reliability of the data acquisition system ia improved by the 
concentration of effort and experience on a given design, the g ~ e a t e r  
famil iar i ty  of operating personnel with the common deaign, and the 
opportunity fo r  m o r e  comprehensive tes t  grczgrrama. 



Rel1.1bill' '1 hi* Saturn  I B  v c ~ l ~ i c l e  1s expected to a s s u m e  operat ional  
. ; ~ , I ~ I I "  aft(-r  f J : ( .  I,lclnch of four  dcvelopmental  t e s t  vehic les ,  and only five 
, ~ ~ \ r . l u p n ~ c . ~ ~ l  . I  1,tllllchrs a r c  plnnnt>d for the l a r g e r  and m o r e  complex 
t r t  ' 1 1 .  W h c n  th i s  s m a l l  n!lmbcr of development vehicle 
I , I I I I I ~  h r s  .111d 1 1 1 c '  long Ii-ad l imp required for des ign,  fabrication,  and 
t e ~ t i n p  of r<tch vchiclc i s  considered, i t  i s  readi ly  apparen: that  the  l o s s  
of .I s u b s t a t r t i ~ l  amount o f  data from a n  individual flight t e s t  would cause 
a t r e n ~ e n d o u s  se tback in the national space  p rogram.  I t  m u s t  be 
r e m e m b e r e d  tha,t.the life of a n  as t ronau t  may well  depend on how much  
i s  learned f r o m  the data  gathered during the  l imited number  of 
development f l ights.  These  considera t ions  justify the  following 
~ r e c a u t i o n s :  ( a )  Extensive c a r e  in the  des ign,  fabrication,  and tes t ing 
of ins t rumenta t ion,  (b)  Use of pa ra l l e l  configurations in the  ins t rument -  
a tion to e n s u r e  that  a single black-box fa i lure  does  not c a u s e  l o s s  of a 
substant ia l  port ion of the m e a s u r e m e n t s ,  ( c )  Redundant monitoring of 
s o m e  m e a s u r e m e n t s  by m e a n s  of two t r a n s m i s s i o n  paths,  and (d) A 
comprehens ive  p r o g r a m  fo r  proving the t e l emet ry  des ign including 
ac tua l  flight t e s t  exper ience  a s  a I tpassenger.  'I  

Weight and Size.  -Although volumetr ic  s i z e  is usually of l i t t le  concern '  
in a l a r g e  s p c e  vehicle,  the  weight of individual subsys tems  re f l ec t s  
d i rec t ly  into the payload capacity of the vehicle. Table  I shows the  
dis t r ibut ion of weight between ins t rumenta t ion s y s t e m  e lements  in  a 
typical l a r g e  space  vehicle. This  i l lus t ra tes  the often neglected fact 
that  the weight of equipment which p e r f o r m s  the  t e l emet ry  mult iplexing 
and modulation functions typically accounts f o r  only 5 t o  10 pe rcen t  
of the to ta l  weight cha rgeab le  t o  instrumentation.  Th i s  m e a n s  tha t  a 10 
percent  reduct ion in  weight of t h e s e  i t ems ,  f o r  example ,  provides  only 
0. 5 to  1.0 pe rcen t  reduction in  total  ins t rumenta t ion weight. 

TABLE I 
TYPICAL VEHICLE INSTRUMENTATION SYSTEM 

WEIGHT DISTWI BUTION 

Measur ing Subsystem 12% 

T e l e m e t r y  Subsystem 6% 

Antenna Subsystem 2% 

Environmental  Conditioning, and 
Mounting Hardware  

E l e c t r i c a l  Wiring,  Connectors ,  and 5 5% 
Dis t r ibu to r s  

If  i s  a p p a r e n t  that  heavy emphasis  on weight considera t ion in  the  
implementa t ion of  the  t e l emet ry  "black boxes" h a s  l e s s  than a 
;pvolutionary effect  on overa l l  vehicle s y s t e m  weight. Moreover ,  a 
dispropor t ionate  d e g r e e  of emphas i s  placed upon weight of these  i t e m s  
may well  upd~l ly  penalize o ther  e s sen t i a l  des ign c h a r a c t e r i s t i c s ,  Note, 
howcver,  that  electrical cable  and connectors  within t h e  vehicle . 
ins t rumenta t ion s y s t e m  accounts  f o r  over  50% of the  instriamentation 
weight. Consequently,  a significant  savings  i n  &eight i s  a m i l a b l ~  by 



r c*drtciny: the length of cables to individual measurements,  This reduction 
tm.iv iw nccotnplished by utilizing a telemetry design which permits the 
c: . i t ,~  m~~l t ip l rx lng  cqr~ipment to be distributed a t  various locatians 
1 - t * r l ~ c - t l i 1 * 1 1 1  tn tl~c' mcasuremcnt sot1rce.s. 

'TELEMETRY SYSTEM DESCRIPTION- . 
'I'l~c vc-hiclo telemetry subsystem, a s  referred to here,  accepts data 

. .;~gn,tis f rom the vehicle measuring subsystem (Ref. 1) and delivers to  the 
a,c.l~iclc antenna subsystem (Ref. 2 )  modulated R F  signals of the 
~ p p r o p r i a t e  power levels. As shown in Figure 1, the measuring subsystem 
itlciucles the t ransducers  and signal conditioners needed to  derive and 
condition voltage analogs of the measured parameters  and a remotely 
controlled calibration system. The antenna subsystem includes 
multicouplers , R F  power dividers,  "dummy I' RF loads and coaxial 
sivitches in addition to the antennas. Several R F  c a r r i e r s  a r e  required 
to provide telemetry capacity needed to handle the quantity and types of 
n~cnsu remen t s  for a typical developmental Saturn stage. Since specific 
telemetry techniques have character is t ics  especially well- suited to 
particular types of data (Ref. 3), multiple c a r r i e r s  present the possibility 
of using different telemetry techniques on the individual R F  links to 
achieve more  efficient transmission capabilities for a wide variety of data 
types. The Saturn telemetry design applies PCM/FM, FM/FM, and SS/FM 
techniques. Each stage telemetry subsystem generates one PCM/FM 
link, plus additional R F  links allotted to FM/FM and SS/FM modulation 
a 5  needed to provide an  appropriate balance of data transmission 
capability to satisfy the specific data requirements. Each stage 
telcmctry subsystem consists of a number of assemblies  selected from 
a - c r i e s  of approximately 20 standard telemetry assembly "building- 
block n.  '' These assembly "building-blocks" (such a s  analog 
multiplexers,  digital multiplexers,  telemetry oscillator assemblies ,  
FM- R F  a s  scmblies,  etc. ) may be arranged in any one of many allowable 
cun~bir~at ions to satisfy specific vehicle telemetry requirements  In 
addition, many of the assemblies  afford optional modular plug-in 
nrrangcments and programmable features which provide a basic 
tclcnlc-try design with an exceptional amount of flexibility. 

The data required for stage checkout i s  provided over special coaxial 
uutl>uts from cnch individual stage. This feature of the Saturn system 
dc:,ign 11~1s been designated the DDAS (Digital Data Acquisition System). 
The stage DDAS function i s  performed within each stage by various 
tclr:nir.try a sscmblies and the measuring subsystem, while the ground 
DDAS function i s  performed by an a r r a y  of receiving, demultiplexing, 
;tntl ddtn storage equipment which provides the checkout computer with 
r , t ~ i c l  r 1 C C P h . Z  to any measurement.  

' - I ' C ~ / D D A S .  - ~ h c  PCM/DDAS assembly, shown in block diagram form 
i t 1  1 2 i ~ u r c  L, may be appropriately considered the focal point of the stage - 
tc:lcm~try subsystem. The PAM scanner connects each analog 
rnt~ltiplc*xcr output to the analog to digital converter (ADC$ input in a 
programmed sequence which interlaces the PAM wavetrain from the 
individual multiplexers sample-by-sample and Prame-by-frame ts dorm 



orte o f  I ntltrl' 1.1. of p v r n ~ i s s i b l e  outptit formats.  The scanner  progr;Im 
~ ~ . ~ t c l l  a l lov - Ole* t ~ ? : s e m b l s  to Ile progranlmcd for  operation with from on(: 
(I, .iix o f  t l l c  ~ I ~ . I ~ C ) I :  m t ~ l t i p l r s c r s  d c s r r l b c d  I,clow. P r o g r a m s  for up t o  
f l ~ r r r  d i f f c r t -  i l  t t ~ ~ ~ l l i p l c s e r  ar rc lngrmcnts  m a y  be incorpor;rtrct intn t h r  
~ c . l n t l r r  psiti h tn allow the addition 2nd delption of  mul t ip lexers  . 
dtir~rlg il part ict l lar  phnsc of tho vehicle mier ion,  

I 'hr  ADC u s e s  the  success ive  approximation method to encode the  
analog s ~ m p l c s  into a lo-bit binary code. A "digitize and hold" p r o c e s s  
is used r a t h e r  than the common ' 'sample and hold" p rocess .  Each encode 
cycle  h a s  a durat ion of approximately 40 microseconds .  The encode cyc le  
occurs  during the mid-por t ion of each PAM sample ,  thus avoiding 
switching t r a n s i e n t s  f r o m  the  analog gates.  Af te r  encoding, the digital  
data i s  t r a n s f e r r e d  to  the digital  multiplexing and format ing c i rcu i t s .  Thc  
encoding opera t ion i s  t imed by 2 350-kHz clock which i s  independent of 
other a s s e m b l y  t iming signals.  

The a s s e m b l y  a l s o  contains a digital  multiplexing section with inputs 
for up t o  100 d i s c r e t e  (off-on) functions which will be desc r ibed  la ter .  The 
assembly  p rogramming  and t iming,  i n  addition t o  controlling i t s  i n t e r n a l .  
functions.  g e n e r a t e s  synchronizing s ignals  which a r e  cabled t o  the 
external  mul t ip lexers .  

The PCM/DDAS a s s e m b l y  provides  simultaneous outputs i n  t h r e e  
fo rms :  (1) a  s e r i a l  NRZ-L  PCM wavetrain a t  72 kilobits ,  which i s  routed 
to the modulation input of a n  FM/RF assembly ;  (2) a 6 0 0 - k ~ z  c a r r i e r  
FM-modulated by this  s e r i a l  wavetrain;  and (3) a 10-bit pa ra l l e l  PCM 
output which i s  used by a digital  tape r e c o r d e r  o r  ( through a n  in te r face  
unit) by the on-board computer .  The PCM/DDAS a s s e m b l y  with s o m e  
deta i ls  of i t s  in te rna l  construction i s  pictured in F igure  3. 

Analog Multiplexing. -The  p r i m a r y  a s s e m b l y  fo r  sampling of analog 
m e a s u r e m e n t s  i s  r ep resen ted  in block d i a g r a m  f o r m  in F igure  4. This  
a s sembly  h o r ~ s e s  gates  for  sampling f r o m  27 to  234 high l eve l  (0 to 5 volts)  
data inputs,  the  exact  number  dependent upon the selected a r r a n g e m e n t  
of optional plug-in modules. Essent ia l ly ,  i t  opera tes  a s  a 30 x 120 
multiplexer with provisions for submultiplexing individual channels to 
f o r m  ten subchannels ,  each sampled a t  12 s a m p l e s  pe r  second. Twenty- 
scven of the  th i r ty  p r i m a r y  channels a r e  data channels,  while the 
remaining t h r e e  a r e  utilized for  amplitude re fe rences  and PAM-frame 
idcntification. Ten-channel submultiplexer modules  which plug into t h e  
r n ~ ~ l t i p l e x e r  a s s e m b l y  may be used to submultiplex se lec ted p r i m a r y  
ch;innt:ls. Whcn a p r i m a r y  channel i s  used a t  the p r i m e  sampl ing r a t e ,  
a " c l t ~ m m ~ "  c a r d  ( o r  a pre-sampl ing f i l t e r ,  if needed) i s  inse r t ed  in  
plac c1 of thv suhmult ip lcxcr  moclulc. Two 50-percent  duty cyc le  PAM 
w;rvc.tr;lins ;Ire provided a s  outputs;  one i s  routed to  the scanner  input of 
thc P ~ M / D D A S  a s s c m h l y ,  while the second (which is  identical  to  the  f i r s t  
w.+vcttr;~in ,-xcc.pt f o r  addition of a pedestal)  i s  used in  s o m e  c a s e s  a s  a n  
ir11,11t to  a 70-ki-17, + 30% s u b c a r r i e r  which is t r ansmi t t ed  by one of the 
I.'M/I.-M li,,ks. A sccontl analog multiplexer a s s e m b l y  design contains 
t , rovi~i t ,ns  for  1oc;lting 1111 to fiix l0-channel fiubmultiplexcr modules  
( r d i  I I11.r Ilijrh c,r low 1cvr:l) rcmutc:ly f r o m  thc  p r i m e  m~at t ip lcxer  a s sembly .  

'i'ht: s ~ . r ~ ~ ~ c . ~ ~ t i ; r l  timc.-division ml~l t ip lcxing n r rangcmcnt  desc r ibed  
;~l,rrvc- pc-rnlits ;I flcxi i,lc cxc hangc betwcc:n quantity of channels and  two 
~ . t r r ~ p l v  r;ilt.s,  LO ;tncl 12 samples  pc r  sccond, The  total  otiitput sample 



: . . , I  :. !:; ; ( r O i )  I,r~ist.!; ~ ) t * i '  s[.(.oti~1. 111 ;\ st;~gc* t~ . lc~~r lc . l ry  s ~ i l ) s y s l c . ~ n ,  two 
::?t::!i!.1,-xc.r~ . I  rc* .s\.tic.lir~>~lii.rtl \villi ihc-i r  I-'AM \ ~ . ; ~ \ . c t r ; ~  ins  offscnt s c l  t I ~ . a i  
!:I,, : : . ~ : ~ j ~ > l , ,  I ~ I I - ~ ~ I ~ I L ~  of OIII-  O ~ . C I I ~ S  d ~ l r i n g  thc  of f - t in ic  of t hc  othet-. 7'hc 
;'..\'\! > c . ~ r l n c ~ r  opc-ruIfron of t he  PCM/DDAS a s s r n ~ b l y  then  c o n ~ b i n e s  the  
:\\.(, \ \ . . I \ . ~ - ~ I - , ~ ~ I I s  into a s i ~ ~ g l e  100% d t ~ t y  c y c l e  \vavetrain a t  7200 s a m p l e s  
: .I . , -  ~ ~ . - ( - ~ n d .  l'\vo ;~dt l i t iona l  b a s i c  s y s t e m  sampl ing  r a t e s  can  a l s o  be 
I :c . t~w;t tc ,d 1.y t11c scilllner ope ra  tion. T h i s  r e s u l t  is achieved  by s h a r i n g  
t i l t *  c r ,A~ l>  ,>I' I'CM t i ~ w c  s lo t8  corresponding t o  a given mu l t i p l exe r  with 
I \ \ - C I  ,~J t i i t i c~ i la l  ~ n u l t i p l r x e r s  i n  e a c h  sequence  of t h r e e  adjacent .  f r a m e s .  
' i ' l ~ i s  d iv ides  the s a m p l e  r a t e s  of a l l  channe l s  on  the  t h r e e  m u l t i p l e x e r s  
b!. .1 i . iCfnr  of t h r c e  giving 40 and  4 s a m p l e s  p e r  second and  achiev ing  a 
coi-r:*+po1111ing i ~ , c r c * a s e  of t h r e e  t i m e s  t h e  channel  capac i ty .  

D i c ~  t,tl XInl l iplrxi~lg.  -Signif icant  quan t i t i e s  of m e a s u r e m e n t s  on a 
typica l  S P I C C  veh ic l c  n l ea su remcr l t  l i s t  a r e  d i s c r e t e  b inary  funct ions 
and  c\ cn t s  s u c h  a s  swi tch  c l o s u r e s ,  l i f t -off ,  cut-off ,  and va lve  c l o s u r e s .  
I n  ; rdd i t io~i ,  some m e a s u r e m e n t s ,  typical ly t hose  f r o m  dig i ta l  t r a n s d u c e r s .  
t l i v  < C U I ~ , I I I C C '  c o m p u t e r ,  and  the  d ig i ta l  c o m m a n d  s y s t e m ,  o r ig ina t e  in 
dic:t.11 f o r m .  

T i ~ c s c  nlea s r l ren len ts  p r e s e n t  s p e c i a l  de s ign  p r o b l e m s  qu i t e  d i f fe ren t  
i r o n )  t h o s e  p r e s e n t e d  by ana log  d a t a  inputs .  D i s c r e t e  b inary  
n l c a r ~ ~ r c m e n t s  a r c  t r a n s m i t t e d  m o s t  eff icient ly by al lowing individual  
i i ~ n i t ~ o i ) ~  t o  c o n t r o l  t he  s t a t u s  of individual  b i t s  in  t h e  P C M  wavet ra in .  
This r e q r ~ i r e s  combining t h e s e  inputs  i n to  grorlps of ten which a r e  
a s s i g n e d  spec i f i c  word  pos i t ions  i n  t h e  P C M  f o r m a t  a t  the  r e q u i r e d  
s a m p l i n g  r a t e .  Individual  d ig i t a l  m e a s u r e m e n t s  a r e  a s s igned  one  or  
m o r e  \vord pos i t ions  i n  t h e  P C M  f o r m a t  a s  r e q u i r e d  t o  a c c o m m o d a t e  its 
\t.nrd length.  Spec i a l  p r o b l e m s  which a r i s e  i n  handling these  inputs  
tnc ludc  the  need for  t i m e  c o r r e l a t i o n  between m e a s u r e m e n t s ,  o r  t h e  
r e q a i r r i n e n t  t ha t  a  l a r g e  quent i ty  of b inary  o r  d ig i ta l  func t ions  be  "read" 
# ~ t  t hc  s a m e  t ime .  T h e s e  m e a s u r e m e n t s  a r e  or ig ina ted  by va r ious  
s u b s y s t e n i s  within the  vehic le ,  and it i s  n e c e s s a r y  that  the  t e l e m e t r y  
iriput.; r ead i ly  a c c o m m o d a t e  d i f fe r ing  s igna l  l e v e l s  and po la r i t i e s .  

T h c  d ig i ta l  mul t ip lex ing  sec t ion  of t he  PCM/DDAS a s s e m b l y  
accon tn loda t e s  t e n  10-bit g r o u p s  of b i - leve l  da ta .  A spec i f ic  da t a  g r o q  
, s  p r e s e n t e d  to  t he  a s s e m b l y  a s  ten p a r a l l e l  logic inputs  with vol tage 
!r\.zl  ht;d po la r i t y  s e l e c t a b l e  f o r  e a c h  group.  E a c h  10-bit g r o u p  i s  
S.;i!cred, s t o r e d  t e m p o r a r i l y  i n  a magne t i c  c o r e  r e g i s t e r  (MCW), a n d  
:!:en i r i se r ted  into a  s e l ec t ed  word  posi t ion in  t he  P C M  f o r m a t .  Both 
.-c ..,< , i i n ~ e  a t  \vhich a spec i f ic  10-bit g r o u p  of d ig i t a l  da ta  i s  "wri t ten" i n to  

:he X:CR and the  word  pos i t ion  in to  which  i t  i s  " read"  i n to  t h e  output  
f , - rmat  a r e  s e l e c t a b l e  by m e a n s  of a  p r o g r a m m i n g  a r r a n g e m e n t  within 
. ..,c t - & c i 5  embly .  T h e  "wri te"  c o m m a n d ,  which  t e m p o r a r i l y  s t o r e s  a  10-bit 
g r o u p  i n  a n  MCR,  c a n  be p r o g r a m m e d  t o  o c c u r  d u r i n g  any  word  t i m e  
ai:er th,e p reced ing  s a m p l e  f o r  t h a t  spec i f i c  g r o u p  i s  r e a d  in to  t h e  output 
io rmat .c  F o r  example ,  s e v e r a l  10-bit d a t a  g r o u p s  c a n  b e  w r i t t e n  i n to  
:heir h1CR ' s s imu l t aneous ly  and  then  p laced  info convenient  word  
p s + i t i o h s  i n  t h e  f o r m a t .  T h i s  p r o v i d e s  t i m e  c o r r e l a t i o n  be tween t h e  
r;-.es s u r e m e n t s  without  r e s t r i c t i o n s  o n  loca t ing  the  g r o u p s  within t h e  
i b t a  f o r m a t .  E a c h  g r o u p  m a y  be  s a m p l e d  a t  any  one  of t h e  fou r  bas i c  
C . .  -. . , =,em sampl ing  r a t e s .  With c e r t a i n  r e s t r i c t i o n s ,  s u p e r  commuta t ion  



t , ~  p r o v ~ d c ,  ~ t i ~ ~ l l ~ l ~ l r s  i,f the ba s i c  r,3tc:s is a l s o  permiss ib le .  
E.ict1 bICI<. 111~1s i t s  tell a s soc ia t td 'buf fc r s  and other c i r cu i t ry ,  i s  

1,owc.rrd I,v . I  * I  i~iclividt~al supply which i s  DC-isolatcd from thrt rttmaindr:r 
I '  t i s ~ i l v  : i i t r y .  This fea ture  pe rmi t s  the rnonitoritlg of 
.~ t .vc r ,~ l  bi-1c:vc.l sources without interconnecting thei r  DC commons.  a s  
w c l l  i1n provid i t~g  isolation of each source  f r o m  the logic voltage commor, 
of  t lrc* E7CM/T)DAS assembly  which is connected t o  vehicle rnaas\rring 
voltage colnrnon. Because of the multiplicity of data s o u r c e s ,  these  DC- 
isolation f e a t u r e s  a r e  essent ia l  to prevent the formation of undesi rable  
ground loops within the t e l emet ry  and measur ing subsystems,  

FM/FM. -The  t e l emet ry  osci l la tor  a s sembly  (TOA) i s  the assembly  
building block which contains the  SCO' s and mixer-arnpl i f ier (s)  required 
.for a single R F  link, and one TOA is' used for  each link which i s  allotted 
to FM/FM transmiss ion.  Calibration r e l a y s  located in  the TOA provide 
a means  of disconnecting the data input and applying a calibration signal  
to se lec ted SCO' s. An i l lus t ra t ion of a typical  TOA is shown in F igure  6. 

Provis ions  a r e  avai lable  in the TOA for  modulating up to  two high- 
frequency SCO's  with the composite output of s e v e r a l  low-frequency 
SCQ' s ( F M ~ ) .  The TOA can a l s o  accommodate  a 70-kHz * 30% SCO 
which t r a n s m i t s  the 3600-pps PAM wavetrain (with pedestal)  f r o m  a n  
analog mult iplexer.  This provides a n  optional method of redundant 
t r ansmiss ion  for c r i t i c a l  measurements  ass igned to  a specific analog 
mult iplexer.  When th is  wideband SCO is used ,  channels 16, 17, and 18 
must  be eliminated. 

SS/FM. -SS/FM is a relat ively new frequency-division-multiplexed 
t e l emet ry  technique with charac te r i s t i c s  especial ly well-suited to  the 
t r ansmiss ion  of vibration and acoust ic  measurements  (Ref. 4). Essent ia l ly ,  
the single sideband modulation p rocess  shifts  the data s ignals  to  
assigned baseband frequency locations. The t rans la ted  data signals a r e  
then summed and the  resul t ing frequency-multiplexed signal  frequency 
modulates the R F  transmitter. The SS/FM technique provides the  
highest bandwidth efficiency present ly  avai lable  f o r  t r ansmiss ion  of 
wideband data where  the  major  in te res t  i s  power spec t ra l  density and 
other s t a t i s t i ca l  type analyses .  

Each single sideband assembly  provides the  capability for  c~ratirauous 
monitoring of 15 wideband data channels of a bandwidth f r o m  20 Hz to  
3 kHz. The channe l  capacity of a n  SS/FM link may be f inc reased  by 
t ime-shar ing up t o  75 measurements  through u s e  of the vibration 
mult iplexer assembly.  This  mult iplexer h a s  a dwell  t i m e  of s e v e r a l  
seconds per  m e a s u r e m e n t  input, a duration which i s  appropr ia te  f o r  
recording a tape loop fo r  spec t ra l  density and other  s ta t i s t ica l  ana lyses  
during data reduction. 

F M  R F  Assembl  . -Each t e l emet ry  link on the Saturn vehicle uti l izes 
a n  f----y F M  R F  assembly  which contains a VHF/FM t ransmi t t e r ,  R F  power 
a m p l i h e r ,  and re la ted  components. The assembly  accep t s  a n  input f r o m  
either, a PCM/DDAS assembly ,  single sideband assembly ,  o r  t e l emet ry  
oscil lator a s sembly ,  and produces 20 watts  of R F  power to  the  vehisle 
antenna subsystem. T o  accommodate  the  divergent r equ i rements  of 
analog and digital modulation, the FM/RF assembly  contains the  in te r -  
changeable signal  conditioning c i rcu i t ry  required for  SS/FM, FM/FM 
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T c l c n ~ t - t r y  C c t l i b r . ~ t i o t ~ .  -A t t l e r n c t r y  c a l i b r a t r r  p rov ides  a  c e n t r a l  
= ~ T \ l r r r  of c.-llillr,4tins s igna l s  for  t he  s t a g e  t e l e m e t r y  subsys t em.  I t  
~ \ * ~ ~ t . r . i t t ~ i  art a c c u r a t e  (fO. 1%) 5- leve l  r e f e r e n c e  s igna l  f o r  ca l i b ra t i ng  t h e  
SCO c!llntlclc of 11p to sis T O A ' s  atld suppl ies  a  28-VDC ca l ib ra t i on  
corr lrn~trd \ o l t , ~ r t ,  to a c t u a t e  the  r e l a y s  within each  TOA which t r a n s f e r  
thl,  SCO ~tlpttt  P t o  tht> ca l ibr ' l t e  bus c a r r y i n g  the  r e f e r e n c e  s igna l .  Th i s  
~ , l l r b r a t i o n  comtnaud i s  a l s o  routed  t o  t h e  t ime-d iv i s ion  m u l t i p l e x e r s  
\ \ hc r t -  ~ t  - c . s ~ e s  <IS  the  in i t ia te  s igna l  for  t h e  mu l t i p l exe r  i n t e r n a l  
z ~ I r b r a t u r .  

T h e  t c l e m e t r v  c a l l b r a t o r  a l s o  suppl ies  AC r e f e r e n c e  s igna l s  of two 
t \  p e -  tt. the  s ~ n _ e l e  s ideband a s s e m b l i e s :  (1) a  var iab le- f requency  s igna l  
ct. :~t,rated bv a  a\vcep-frequency g e n e r a t o r ,  loca ted  in t h e  ground CSE, a n d  
tcd t h r ~ l u s h  t h e  c a l l b r a t o r  t o  a  m a x i m u m  of t h r e e  s ing l e  s ideband 
a 3 - e m b l i e e ;  a n d ,  ( 2 )  a  f i xed - f r equency ,  1700-HL s igna l  gene ra t ed  by a n  
opt:o:lal modu le  \vithin t he  c a l i b r a t o r  and  routed  sequent ia l ly  t o  e a c h  of 
t h e  s tng l e  sideband a s s e m b l i e s  f o r  a  per iod  of 1.4 s econds  each .  

Typ ica l  S tage  T e l e m e t r y  Subsys t em.  - T h e  s t anda rd  t e l e m e t r y  a s s e m b l y  
b3Jiiding blocks f o r m  a  v e r s a t i l e  ca t a logue  of p a r t s  f r o m  which a  
t e l t -me t ry  .;)-stem d e s i g n e r  m a y  a s s e m b l e  a  s t a g e  t e l e m e t r y  s u b s y s t e m  t o  
mee t  a l m o s t  an \  conce ivable  moni tor ing  r e q u i r e m e n t .  T o  i l l u s t r a t e  
3ppl1cat ion of the  a s s e m b l i e s ,  t he  s t a g e  t e l e m e t r y  s u b s y s t e m  shown i n  
Fig:ire 7 i s  p r e s e n t e d  a s  a  t yp i ca l  a r r a n g e m e n t  f o r  d i s cus s ion .  

-4 s t age  t e l e m e t r y  d e s i g n  m a y  u t i l i z e  any  quanti ty f r o m  one  t o  Six 
t i m e - d i v i s i o n  mu l t i p l exe r  a s s e m b l i e s  to  handle  s ampled -da t a  r e q u i r e m e n t s .  
F i g - i r e  7 i l l u s t r a t e s  a n  appl ica t ion  us ing  fou r  t ime-div is ion  mu l t i p l exe r  
C. .= r e m b l i e s .  E a c h  t ime-div is ion  mu l t i p l exe r  r e c e i v e s  synchroniz ing  
s i e n z l s  f r o m  the  PCM/DDAS a s s e m b l y  and  m a y  be  placed a t  loca t ions  
convenient  to  t he  da t a  s o u r c e s  t o  m i n i m i z e  cabl ing  weight.  T h e  r e m o t e  
andlog  submul t ip l exe r  a l s o  m a y  be u sed  a s  a p p r o p r i a t e  to  l oca t e  s ampl ing  
g a t e s  n & r  the  da t a  s o u r c e s .  F i g u r e  7 i l l u s t r a t e s  the  u s e  of one  r e m o t e  
a n a l o ~  submul t ip l exe r  which could be e i t h e r  a high l eve l  o r  a  low l e v e l  
= ~ 5 r n ? i l t i p l e x e r .  

~ a c h t t i m e - d i v i s i o n  mu l t i p l exe r  suppl ies  a  P A M  wave t r a in  to  t h e  
PC!.!/DDXS a s s e m b l y  w h e r e  t he  scanning  sequence  combines  t he  
:r,i~-:id la1 m.lltipIctxer o u t p u a ~  into a s ing l e  serial wave t r a in ,  T h e  



individual s .~rr~ples  a r e  then digitized by the ADC and combined with 
multiplexed digital data and the appropriate frame synchrcanizatioaa 
codes to form the NRZ-L ser ia l  PCM wavetrain, This wavetxain 
FM-modulates a 600-kHz VGO, producing the output designated "DDAS 
output to GSE. " The ser ia l  NRZ output of the PCM/I)DAS assembly i s  
routed to the FM/RF assembly for inflight monitoring. Discrete off-on 
signals and other measurements originating in digital form a r e  routed 
either directly to the digital data inputs of the PCM/DDAS assembly o r  
to the remote digital multiplexere. 

Measurements with character is t ics  appropriate to FM/FM 
transmission a r e  shown routed to one of the three telemetry oscillator 
assemblies.  Two time-division multiplexers supply PAM wavetrains to 
provide redundant transmission of these measurements over an  FM/FM 
link. The composite cubcarr ier  signal from each telemeter oscillator 
assembly i s  applied to the modulation input of an  FM/RF assembly. 

Wideband measurements with character is t ics  and requirements suitable 
for SS/FM transmission a r e  applied directly to  the single sideband 
bssembly o r  to the vibration multiplexer. 

The telemetry calibrator accepts a 5-VDC reference voltage from 
the stage measuring supply and commands from GSE and the stage 
sequencer. When instructed by command from these sources,  i t  supplies 
the appropriate calibration and reference signals to the other telemetry 
assemblies.  

After engineering design of the vehicle and vehicle subsystems has 
been verified by data obtained on the development vehicles, the stage 
telemetry i s  reduced to  a typical operational system configuration a s  
shown by the unshaded assemblies in Figure 7. 

The number of telemetry links bnd the types of modulation used on 
Saturn IB  and Saturn V vehicles a r e  illustrated in Figure 8. 

CONCLUSIONS 

The Saturn program presented a formidable a r r a y  of challenging 
data acquisition problems and has resulted in several  significant 
contributions to telemetry knowledge and technology, 

The advantages gained in expanding the role of space vehicle 
telemetry systems to include rea l  t ime data acquisition functions have 
been verified. The Saturn telemetry design has demonstrated adequate 
performance in data acquisition for computerized checkout of both 
individual stages and integrated vehicles. 

Instrumentation systems experience with the Saturn vehicles has 
shown that the major  instrumentation weight penalty i s  caused by 
electrical cabling and connectors within the vehicle rather  than the 
weight of telemetry multiplexing and modulation equipment. An 
attractive design approach for future programs i s  a coded multiplexing 
system in which individual data sources (or groups of data sources)  a r e  

t 
interrogated by a coded address  from a central assembly over a 
single cable common to a l l  measurements.  The response from the 
sources is received in either analog o r  digital form over a second cable. 

Saturn experience has also demonstrated feasibility s f  utilizing ;a 

relatively large number of standard bandwidth ]RF c a r r i e r s  for 



telcrmetry t r a n s n ~ i s s i o n .  This  approach,  contras ted  to often-proposed 
cx t r  rmely wideband c a r r i e r s ,  provides improved rel iabil i ty,  l e s s  link 
.rtcrrnodulation dis tor t ion p rob lems ,  increased power efficiency, and in 
m a n y  s a s r s  tnore  efficictit utilization of R F  bandwidth. Another advantage 
ar 'cruing froit1 th is  approach i s  the increased flexibility available by ' 

addireg or  deleting c a r r i e r s  to  modify t e l emet ry  capacity. 
hkust of t he  a s s e m b l y  building blocks used in  Saturn  vehicles a r e  

manalkactur ed f r o m  s tandardized,  detai led production drawings ,  allowing 
competi t ive p rocurement  in  production lots  a s  needed by the individual 
s t age  con t rac to r s .  Because of the l a r g e  amount of t e l emet ry  equipment 
needed for Saturn  vehic les ,  this  procurement  procedure  h a s  resul ted  in 
a significant cos t  savings for  the  Saturn  p rograms ,  Typical a s sembl ies  
have recently been purchased i n  moderate ly  s ized production lo ts  a t  cos t  
less than the  p a r t s  cos t  of e a r l i e r  production runs ,  
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Figure 5. FM/RP Assembly. 
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Figure 6.  Telemetry Oscillator Aaeembly. 
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