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Summary  

The paper d i scusses  a number of  interesting 
aOphcations of digxtal computers  in the checkout -. - 
of individual Saturn s tages  and in the prelaunch 
checkout of  the complete Saturn vehicle. It d i s -  
c u s e s  the concepts of automation in Saturn 
checkout, the  unique two-computer mode of 
operation e t  the  launcb s i t e  and the operation of 
the high speed data  l ink connecting the two com- 
puters. Also discussed a r e  the functions of the 
computer while propellants a r e  loaded automati- 
cally on  one of  the s tages;  the functions of the 
display computer in  the  newest and larges t  
Saturn display sys tem,  and operations and utili- 
zatior of  the  Digital Events Evaluator, the main 
r ding device utilized during stage checkout. 

Introduction 

The assu rance  of p roper  operation of the 
Saturn launch vehicle f r o m  the instant of liftoff 
until its final seperat ion f r o m  the payload i s  the 
goal of the Saturn  checkout program. The s i ze  
and complexity of the Saturn  vehicle has made 
the utilization of computers a necessity fo r  many 
of the functions that  a r e  required during both the 
checkout of individual s tages  and of the complete 
launch vehicle. 

This paper  does  not a t tempt  to discuss the 
multitude of uses  that  a r e  made of computers in  
the Saturn  p rogram that could eas i ly  be the topic 
of a symposium itself ,  r a the r  it presents  a few 
of the m o r e  interesting applications of computers 
in the checkout of Saturn  stages.  

Ctneral  Hardware Description 

Each assembled s tage of the Saturn launcb 
vehicle is individually tested using automatic 
Cmund Support Equipment (CSE) under control of  
1 computer. T h e  s tage under t e s t  i s  controlled 
O r  s t lnula ted.  and responses  f rom the stage a r e  
acquired and evaluated. The computer can pro-  

most  of the  conrrel  and stimulation a lmost  
ctly t o  the s tage  bur obviously i t  cannot gen- 

erate R f .  pneumatic and hydraulic functions. 
lhcse  functions. therefore ,  a r c  generated by 
hardware external  to the  computer but under 

control of the computer. 

Stimuli a r e  presented to the  s t age  over  ha rd -  
wire  through umbilical connections o r  via R F  
links. Resultant stage responses  a r e  t ransmit ted  
back to the CSE through umbilical connections. 
t e s t  plug connections and R F  links.  These  r e -  
sponses are made available to the computer  
either directly o r  through a data acquisit ion s y s -  
tem, for evaluation and determination of Go/ 
No-Go conditions. 

Overall control of the computer and t e s t  
operations i s  maintained f r o m  a t e s t  conductor's 
console which contains a cathode r a y  tube display 
system. In addition to the  cathode ray  tube d i s -  
play, stage and GSE functions and responses  a r e  
displayed locally at the  st imulus o r  function gen- 
erating equipment. Data received by the data 
acquisition sys tem is recorded for  l a t e r  s t r ip-out  
on analog recorders .  Other analog recorde r s  a r e  
hardwired directly to ce r t a in  c r i t i ca l  functions 
which must  be monitored a t  a l l  t imes.  To s q -  
plement the checkout computer in  monitoring dis- 
crete  events, a Digital Events Evaluator (DEE) 
is used to continually scan a multih.de of s t age  
and QE discre te  data and r e c o r d  a l l  changes and 
the t ime a t  which they occurred.  

The four a r e a s  of computer applications that 
will be discussed in  this paper  a re :  ( I )  the  check- 
out computer a t  t h e  launch si te.  ( 2 )  the display 
system, (3) the DEE. and (4) automatic propellant 
loading. Each of these  applications of computers  
represents not what can he done but what is being - 
done in the field of automatic checkout. 

The Checkout Computer a t  the Launch Si te  

Figure 1 is a general  block diagram of the  
checkout equipment a t  the Saturn  V launch corn-. 
plex. The checkout equipment is divided into two 
major areas :  the Launch Control Complex (LCC). 
which i s  in the blockhouse. and the Launch 
Umbilical Tower (LUT). which i s  mounted on a 
crawler- t ranspor ter  and t ravels  with the  vehicle 
from the Vertical Assembly Building to the launch 
pad. The distance between the  two s e t s  of  cquip- 
ment i s  about 3 miles.  Note that  the re  i s  a check- 
out computer in  each of  the hvo major  a r e a s .  one 
ia the LCC and one in the LUT- 



Checkout Computer 

The checkout c o m p d e r  employed for  Saturn V 
checkout a t  the launch site is RCA-110A com- 
purer. It is an improved uersi- of a n  ear l ie r  
RCA computer employed for S a m  I testing. The 
llOA has a 32.768 word high sp& magnetic core 
memory and the same size d r i - z  memory. The 
computer is capable of s e w  out 1.008 discre:e 
output signals; 72 analog outpd signals: and can 
receive 1.512 discrete hpnh and 300 analog 
inputs. 

The two computers errptDyed for checkout 
and launch o ~ e r a t i o n s  oeera te  in se r i e s  swch that - 
inputs to one computer resdt in outputs being 
generated in the other computer. The LCC com- 
puter is the main c o n h o U i q  wmpnter. 

Modes of Operation 

The checkout computer at the launch s i te  is 
utilized im one of two modes of operation; either 
in the semi-automatic mode, or the fully auto- 
matic mode of operation. 

Semi-Automatic Mode. T k  semi-automatic 
mode of checkout is the norrnal mode of 
operation a t  the launch site. Briefly. the mode 
operates as follows: a command is initiated 
either by activating a switch on  one of the electxi- 
cal support equipment panels in the LCC o r  
through the display system keyboard- This stirn- 
dus is received by the LCC checkout cDmputer 
which initiates a signal that is transmitted via the 
data link to the LUT computer. This mmputer. 
i n  tmrn. furnishes a command OD the stage via the 
support equipment in the LUT- Responses to the 
stage flow in the reverse  direction. Kote that 
rrhile the initial action was  completely manual. 
i e.. activatzng a switch. a d  only one function 
ras performed. both checkout computers were 
involved in  the action. Thus. .se have termed 
this semi-automatic o p e r a t i o s  as opposed t o  
pure  manual opcra t~on where no c o r n p e r  is 
i w o l v e d  

To get a better understamding of the semi- 
a ~ t o m a t i c  mode of operation. figure Z has been 
included. This figure e b s  only the equipment 
directly involved in the command and response 

loop- 

To initiate a stage -0s the operator 
places the Stage Function Command switch to the 
"om" position. This causes a 28 ro l t  signal to be 
received on Computer h p u t  B. The computer 
executive program c o m p a m  this i ~ u t  to a 
stored table and determines that Computer 
Output B in the LUT computer should be t.uxted 
on. The computer program then initiates tL- 

appropriate commands to the data link which in 
turn transfers the commands to the LUT compu- 
t e r  a t  a rate of 133K bitslsec. The LUT corn- 
puter receives the commands from the data link, 
decodes the commands and turns Computer 
Output B o n  A 28 volt signal is sent to relay K1 
in the LUT electrical support equipment. This 
in turn energizes the stage function relay. The 
relay upon becoming energized returns a signal 
back to the LUT support equipment energizing 
relay K2 and causing Computer Input C in the 
LUT computer to receive a 28 volt signal. The 
LUT computer executive program. upon recog- 
nizing that Computer Input C is on. compares 
this information to a stored table and determines 
that Computer Output C in the LCC computer 
should be energized. The LUT computer issues 
the appropriate commands to the data link and 
the LCC computer. upon receix-ing and decoding 
the command. turns on Computer Output C 
energizing a Stage Function On indication on the 
LCC support equipment panel. 

Automatic Mode. In the automatic mode of 
operation. the stage function switches a r e  left 
in the "AUTO" position. To generate the same 
function. a stored program within the LCC com- 
puter would execute the appropriate commands to 
the data link which in turn would command the 
LUT computer to energize Computer Output B. 
All other events would occur as in the preceding 
sequences. IZ should also be noted that even i f  
an automatic program is being executed. any 
change in a panel switch .will cause a correspond- 
ing change in a computer input o r  output. Thw, 
a t  any time while the computer is controlling the 
test, a fvnction may be turned on o r  off by acti- 
vating the appropriate switch on the electrical 
support equipment panels. 

Data LinL 

'fbe equipment that makes the two computer 
modes of operation possible is the high speed 
data link The data link provides programmable 
mmmunications between two RCA-ILOA control 
mmpoters over distances of up to 7 miles. There 
is a data link terminal for each computer, one 
designated a s  the local station and one the remote 
statzon; each has the capability of simultaneously 
hammining and receiving information. 

The data l i d  transmits two classes of 
inforrmtion: 

(1) Data - which can be individual test  re- 
sulk o r  complete t e i t  routines. 

(2) Commands - which can be requests and 
zc-ledgements that data be transferred or  
m d m s  be run. etc. 



Data l ink opera t ion i s  such that the cor.puter 
data and command u o r d s  a r e  received a t  the lo-  
cal station, the u o r d s  a r e  modiiied by adding 
parity bits .  t r ansmiss ion  acknowledgement bits 
and sequence and des t i ra t ion  bits s o  that the 
original 2 5  bit computer  uord now becomes a 45  
bit data l i ck  word. The local  stat ion converts  
this data l ink u o r d  into a modified diphase signal 
and t r ansmi t s  i t  to the remote  station. The 
transmitted u o r d  i s  retained by the local stat ion 
until notified by the r emote  stat ion that reception 
was good. At  the  r emote  stat ion the signal i s  
reconverted t o  a computer  word and the added 
bits s t r ipped out. 

\Then the computer  is not supplying data o r  
command words ,  t e s t  words  a r e  transmitted back 
and forth between data  l ink terminals.  If a re- 
ceived word is unacceptable, a reques t  for re- 
transmission i s  generated.  After th ree  rejections 
of a word,  it is a s s u m e d  that  the remote  stat ion 
'is not synchronized to the local  stat ion and sync 
patterns a r e  t r ansmi t t ed  between the stations 
until they a r e  i n  phase  again. 

Display System 

The advent  of automat ic  checkout, with i t s  
increased speed  of opera t ions  and added complex- 
ity, ge-erated a requ i remen t  fo r  a n  in ter face  
between the  t e s t  engineer  and the automation s y s -  
tems. The functions of the in ter face  equipment 
are to provide  the  t e s t  engineer with a means fo r  
both determining the  s t a tus  of the t e s t  and for  
controlling the  t e s t  activit ies.  

The first display  sys t em was  developed fo r  
the Sa tu rn  I p r o g r a m  and has been somewhat 
improved f o r  the uprated Saturn  I program.  This 

display s y s t e m  cons i s t s  of  two display cabinets.  
housing t h e  power  supplies and Logic c i rcui ts  that 
act a s  a n  in t e r face  between the checkout compu- 
ter  and the  display sys t em,  and two to six display 
consoles. housing the keyboard, cathode ray  dis-  
play tube and the c i r cu i t s  required  to t r ans fo rm 
the digital  da ta  intb meaningful display informa-  
tion The S a t u r n  I display s y s t e m  depends on the 
checkout computer  f o r  timing operations and 
memory s torage .  

The inc reased  complexity of    relaunch check- 
out and launch operations fo r  the  Saturn  V vehicle 
Coupled with the  r e s u l t ~ n ~  increased difficulty in 
maintaining c l o s e  control  ove r  the t e s t  operations. 
C x e d  the  uti l ization o f  a display sys t em a s  
tl ontrolling point  for  checkout operations.  
However, the  r equ i remen t  f o r  a n  increased 
number of display consoles  imposed too great  a 
demand o n  the checkout computer ' s  t ime and 
memory. 'Thus. a.  second generation display syS - 
tern containicg i t s  own computer  was developed 

fo r  the Saturn  \' program.  A block d iag ram of  
the Saturn V display sys t em i s  shown in i igure  3. 

General  Description 

The Saturn  V Display System inter iaces  u i t h  
the S a t u r ~  V automatic checkout sys t em and 
establishes a comniunications link o r  in t e r face  
between sys tems  tes t  personnel and the vehicle 
under t e s t ,  providing rea l - t ime monitoring. 
command and emergency control  capabi1it)-. 
Data t r ans fe r  between the Saturn V checkout c o m -  
puter and the display s y s t e m  i s  via an  i ~ p u t -  
output data channel located i n  the computer.  In 
operation, the display console opera tor  can 
initiate a checkout procedure  and rea l - t ime  
operation of the  checkout computer provides digi- 
tal data  ref lec t ingthe  requested t e s t  information. 
The display sys t em converts this  data into e i the r  
a n  alphanumeric o r  graphic display on a CRT 
screen.  The ope ra to r  can ex-aluate the displayed 
t e s t  data with information a t  hand. o r  if des i red .  
he can se l ec t  r e fe rence  ma te r i a l  f rom s l ide  bsnk 
storage.  Closed c i rcui t  television inputs f rom 
c a m e r a s  monitoring s tage  o r  ground equipment 
complement these  capabil i t ies enabling a n  ope ra -  
tor to gain a complete and comprehensive p ic ture  
of checkout progress .  If a permanent  r e c o r d  of 
any displayed data is des i r ed .  the ope ra to r  c a n  
command a h a r d  copy to be  made. 

Display Computer 

The most  important  feature of the  display 
s y s t e m  is the  display computer.  The utilization 
of a sepe ra te  computer al lows f o r  the expansion 
of the display s y s t e n ~  to pe r fo rm functions i n  a 
t ime  f r a m e  not pe rmissab le  utilizing the existing 
checkout computer ' s  memory  and timing capa- 
bility. 

The display computer is a DDP-224 genera l  
purpose  digital computer capable of var ious  types 
of  processing including rea l - t ime information and 
scientific data. The computer cha rac te r i s t i c s  
include a 24 bit  word. synchronous operations.  
internally s to red  p rograms ,  with indexing and 
indi rec t  address ing features.  Most of the c o m -  
pu te r s  have a 24,000 word magnetic c o r e  
memory which i s  expandable up t o  32.000 mords. 
The display computer p rocesses  a l l  command and 
edit functions requested by the display consoles.  
handles a l l  communications to the checkout com- 
puter controlling the Saturn  V checkout. and in 
addition, p rocesses  a l l  input data received f r o m  
the checkout computer  for use  within the display 
system. 

Typewriter  and P a p e r  Tape Unit 

The typewriter  is used t o  communicate with 



Ule display computer. It can  be used a s  an  output 
device providing a printout of  data from the d i s -  
play computer,  o r  a s  an  input device, app1yir.g 
binary-coded decimal  signals representing man- 
ually se lec ted  c h a r a c t e r s  to the display compzter. 
The pape r  tape unit i s  a l s o  used to communl *cate 
with the display computer.  IYhen used a s  an  ir,y~iit 
device, punched paper  tapes containing progra-s 
o r  data may be r e a d  into the computer using tbe 
tape reader.  When used a s  an  output device,  
punched paper  tapes  of  data read out of the com- 
puter  may be  made.  

Additional Display Units 

The cen t ra l  logic unit provides bufferino be- 
hveen the  var ious  units of the sys t em,  and con- 
r m l s  the  process ing and distr ibution of  data %it?.- 
i n  t h e  sys tem.  Incoming and outgoing data i s  
reformat ted  and p rocessed  according to the 0rie.n 
and destination o f  the data and the type of data ir.- 
volved. Storage  of digital  data i s  provided by t i e  
cen t ra l  logic unit control ,  and s ta tus  signals a r e  
p rocessed  and distr ibuted to o ther  units of  the 
sys tem.  

By u s e  of the display consoles the sys tem 
engineer  can  monitor,  o r  manually over-ride.  
the  automatic checkout program.  The display 
console contains a 21 inch cathode r ay  tube, a 
64 cha rac te r  s t roke  genera tor ,  a vector genera- 
tor. a keyboard control  panel, a display buffer 
and power  supplies.  Up to 20 display conooles 
can  be employed i n  the  display system. 

The h a r d  copy unit can supply a permanent 
r ecord  of a n  a lphanumeric  o r  s l ide  display on a 
8 by 11 inch s h e e t  of pape r  within 5 to 35 seconds 
a f t e r  being reques ted  to do so.  The data p re -  
aented on the  d isplay  console i s  reproduced on a 
cathode r a y  tube i n  the copier  unit. The repro- 
duced data  i s  then copied by a combination of 
photographic and e lec t ros ta t ic  p rocesses  to p m -  
vide the copies of the se lec ted  data. 

The television distribute unit p r o v i d e  
means  of switching, controlling, and monitorin2 . . 
the  s y s t e m  television video signals. The tele- 
vision t r ansmiss ion  unit converts  selected pages 
of  data (digital and /o r  s l ide  video), a s  presected 
at the  d isplay  consoles ,  into 525-line video 
s ignals  f o r  t r ansmiss ion  over  closed circuit  
television t r ansmiss ion  lines. 

The C e  t ransmias ion unit contains 256 
re fe rence  s l ides  which can  be selected by fhe  
console opera tor .  The s l ide  images a r e  t r ans -  
mi t ted  From the  s l ide  bank to the console via 
945 l ine high resolution TV. 

Test  Qperations 

The function of the display sys t em is to act  
a s  the interface b e w e e n  the tes t  engineer and the 
automation system. When automatic checkout 
was introduced to the Saturn p r o g r a m ,  the inter-  
face behveen the t e s t  engineer and the computer 
was a s imple  switch panel and a p rogrammer .  
The switch panel was utilized to change the status 
of the computer d i sc re t e  inputs and outputs and 
the p rogrammer  stood by the checkout computer 
ready to make changes i n  the computer program 
as requested by the t e s t  conductor. 

F r o m  this crude beginning we  have progressed 
to the utilization of a display sys t em a s  the inter-  
face between the man and the automation system. 
Now, the t e s t  conductor controls al l  tes t  opera-  
tions f rom the display console. He init iates the 
t e s t  to be performed through the display keyboard 
and continually monitors the p rogress  of the test 
through the information displayed on the CRT. If 
a h'o-Go o r  out-of-tolerance condition is detected 
during the tes t ,  the computer t r ans fe r s  to a "con- 
t ro l"  mode of operation and a l i s t  of over  2 0  dif-  
ferent  t e s t  options a r e  displayed f o r  the t e s t  
conductor on the display console. The tes t  con- 
ductor se lec ts  one of the options and the display 
sys tem gives him a m o r e  complete description 
of the selected option. F o r  example, the t e s t  con- 
ductor may wish to repeat  the portion of the tes t  
just executed. he may wish to scan  a l l  of the com- 
puter  d i sc re t e  output l ines  that a r e  on, he may 
wish to change the s t a t e  of a d i sc re t e  output o r  
accept the e r ror  information a s  co r rec t ,  o r  simply 
hold in the present  configuration while trouble- 
shooting is accomplished. He can se l ec t  the de- 
s i r ed  option by typing i n  t h e  option number on the 
display keyboard. The computer will then execute 
the  selected option and inform the t e s t  conductor 
of  the resul ts ,  via the display sys t em.  

Above a l l ,  the display sys t em allows for  the 
full utilization of  the t e s t  engineer 's  experience 
and capabilities since he can now a c t  a s  an  exten- 
s ion of the automation system. This utilization of 
man in the automatic checkout sys t em i s  of great  
value because unlike data processing.  where  the 
computer can out p e r f o r m  the man in a lmost  every 
category,  the t e s t  engineer can pe r fo rm functions 
and make many decisions.  using the computer.  
considerably bet ter  than the computer can by itself. 

Digital Events Evaluator 

The introduction of automation to Saturn 
checkout presented a number of problems i n  the 
field of data rec&ding and evaluation. The. f irst  
computers utilized in checkout were  capable of 



recognizing changes i n  only those input lines that 
they w e r e  programmed to monitor. Even in the 
improved computers  in use today. the computer, 
while recognizing a l l  unpredicted changes occur -  
ring an i t s  input l ines ,  cannot always immediately 
notify the tes t  conductor of these changes if i t  i s  
busy performing s o m e  tes t  sequence. To allevi-  
ate this problem and at the same t ime to pe r fo rm 
with more  accuracy  than before. a number of  
functions such a s  maintaining records  of a l l  d i s -  
crete events occurr ing during checkout, main- 
taining t ime  and cycle  r ecords  on key components. 
and determining the t ime  each event takes place,  
the Digital Events Evaluator was  introduced. 

The DEE i s  a sensit ive,  high-speed discre te  
event r e c o r d e r  and analyzer  that  is built around 
a standard gene ra l  purpose  digital computer capa- 
ble of handling a va r i e ty  of  data-reduction and 
data-correlation problems. It has the capability 
of monitoring and evaluating up to 4 . 3 2 0  individual 
discrete input events. 

The ma jo r  function of  the DEE i s  to monitor 
and evaluate the individual d iscre te  events that 
oc-~ir  during s tage  checkout. Xearly a l l  the input 
li furnishing d i sc re t e  inputs to the computer 
are  a l so  monitored by the DEE. 

The operation of the D.EE can best  be  de-  
scribed through the use  of the block diagram of 
figure 4 .  

Input t ines t o  the DEE a r e  divided into groups 
of 24 inputs p e r  group. The DEE being illustrated 
here has 180 groups for a total  of 4 . 3 2 0  inputs. 
The voltage on the input l ines  may vary  from 
+50 vdc to -50 vdc without harming the input c i r -  
cuit components. In o r d e r  to ensure  that random 
w i s e  is not r ecorded  as a n  input, i p u t  f i l ters 
are  employed to r e j e c t  pulses  of l e s s  than 0.5 
milliseconds. Any pulse  g r e a t e r  than 2. 0 milli- 
seconds dura t ion wiLl be  passed by the input 
filters. 

The DEE goes  through t h r e e  cycles fo r  each 
Operation: Scan. P r o c e s s  and Output. 

%n. During the  Scan cycle. the DEE be- 
gins scanning t h e  s t a tus  of  each l ine of the f i r s t  
gmup and proceeds  until a l l  of the groups have 
been scanned. While the status of any group of  
input l ines i s  being presented to one side of the 
Comparator. the  r e su l t s  of the previous scan of  
the same  group of l ines  ie being presented to the 
Otk ~ a l f  of  the comparator .  The information 
lboui the previous cycle  is retr ieved from the 
previou. s c a n  cycle  memory.  Each input line is 
normally scanned e v e r y  2 milliseconds. If the 

present  logic s ta te  of  each input line of the group 
being scanned i s  the same  a s  the logic s ta te  during 
the previous scan,  no action i s  required .  Hoaever .  
if the status of any l ine in a group has chanqed. a 

"digital event" has occurred and action i s  required  
by the DEE to proper ly  evaluate the event. 

P rocess .  During the P rocess  cycle,  i f  a 
digital event has been detected, a signal i s  sent  
from the comparator to the computer. This 
signal  fo rces  the computer to s to re  four words 
each containing information about the event. The 
four words contain information about: 

(1) The t ime  the event was detected. 

( 2 )  The number of the l ine on which the 
event occurred.  

( 3 )  The present  status of a l l  24 lines in the 
group being scanned. 

(4) The previous status of the l ines in the 

group. 

The present  status of the group i s  sent  to the 
previous scan cycle memory in preparation f o r  
the next cycle. All of  the information i s  then sent  
to the output buffer. 

w. During the Output cycle data s to red  
in the output buffer is converted to a format  that 
permits  the output data to be displayed on the 
appropriate output device. All output information 
will be e i ther  l i s ted  locally on the teletype o r  
remotely on one of the l ine pr in ters .  Data may 
a l so  be recorded on magnetic tape o r  punched 
paper  tape. The output devices may either be  
specified locally through the teletype keyboard o r  
remotely on the Operator control panel. 

The printout obtained f r o m t h e  DEE d u r i n ~  - 
checkout l i s t s  each output in the o r d e r  of  i t s  
occurrence.  The printout l i s t s  the identification 
number of the  event and if it is "on" o r  "off". 
The t ime each event occurs  i s  expressed in 
seconds and milliseconds. and i s  referenced to 
the l a s t  minute. 

Utilization 

The record  main%ined by the DEE i s  evalu- 
ated a f t e r  each tes t  to ensure  that no unexpected 
events occurred during testing. Previously. 
hundreds of channels o f  events were  recorded on 
a wet-ink r ecorde r  and had to be evaluated by the 
tes t  personnel. Now the tes t  resul ts  and the 
original tes t  p rogram can be placed in the DEE. 
evaluated and a print-out of every unpredicted 
event and every  out-of-sequence event obtained. 



In addition t o  providing i t s  normal  print-out 
of d i s c r e t e  events  as they occur .  the DEE i s  
capable of performing special  o u a u t  functions. 
If. for example,  during a scanning cycle.  the 
ope ra to r  wishes to know the  s ta tus  of a l l  input 
l ines ,  he  may exe rc i se  the  "On Demnnd Pr in t"  
option. When thi; command i s  given, all l ines  
which a r e  "on" will be typed out. If events in a 
g iven t e s t  a r e  expected to occur  i n  a specific 
sequence,  the  ope ra to r  may e l ec t  to use  the 
Sequence Scan option. This option has two sub-  
options. Using the f i r s t  suboption. every  event 
which takes  p lace  i s  pr in ted  with the  out-of- 
sequence events indicated by an  a s t e r i sk .  Utiliz- 
ing the  second subaption, only the out-of-  
sequence events a r e  pr in ted  by the typewriter .  
The t i m e  information furnished by the  DEE about 
e v e r y  event  p e r m i t s  a p r e c i s e  determination pf 
the  e lapsed t i m e  between var ious  st imuli  o r  be-  
tween s t imulus  and response .  l t  i s  used to p r o -  
v ide  running t ime  and operating cycle  information 
o n  c e r t a i n  c r i t i ca l  s tage  components. The DEE 
r e c o r d  is p rocessed  off-l ine t o  ex t rac t  the t ime 
and cycle  information which i s  accumulated for 
t h e  purpose  of a s su r ing  that the design life of 
c r i t i ca l  s tage  components h a s  not been exceeded. 

Automatic Propel lant  Loading 

The subject  of  automat ic  propellant  loading 
is of considerable  in t e res t  s ince  it r ep resen t s  
automat ion 's  en t ry  into a n  a r e a  that  h a s  here to-  
f o r e  been  the  exclusive domain of manual check- 
o u t  equipment. The p r e c i s e  control  and monitor-  
ing of numerous  t e s t  points r equ i red  during the 
loading of highly volati le fuels h a s  always been 
p e r f o r m e d  by employing a l a rge  number  of t e s t  
pe r sonne l  each with h i s  own s e c t o r  of operations 
to moni tor  and control. The sys t em to be de -  
scribed is the  f i r s t  automatic propellant  loading 
s y s t e m  utilized i n  the Saturn Droqram and i s  . - 
employed by the  Douglas Ai rc ra f t  Company a t  
t h e i r  S - N B  s t a t i c  f i r ine  facilitv. The svs t em 
employs  a computer  to keep t r a c k  of the loading 
opera t ions  and to control  the loading and d e -  
tanking of  propellants.  

S y s t e m  Components 

The block d i a g r a m  of f igure 5 shows the 
m a j o r  components of the  automatic propellant 
loading sys tem.  

Computer. The computer  employed fo r  
automat ic  propellant  loading and s tage  checkout 
ia the  CDC-924A. It contains a main computer  
cabinet: ope ra to r ' s  console,  including a display 
panel,  ccnt rols  and pape r  tape  punch and reader :  
a magnetic t ape  station; a typewri ter  and a high 
apeed l ine pr in ter .  The computer  employs a 
24 bit \rord format ,  has a magnetic c o r e  

s to rage  of  16 ,000  words and i s  expandable to 
3 2 . 0 0 0  words.  A representa t ive  p rogram cycle 
t i m e  i s  5.3 microseconds with a n  a c c e s s  t ime 
of 1 . 8  microseconds.  

Computer Interface Unit (CIU). The CIU 
allows the general  purpose  computer to be 
em2loyed for the  specific purpose  of propellant 
loading. The CIU controls  a l l  inputs to and out- 
puts f rom the computer,  i t  conver ts  the com- 
pu te r ' s  parallel  autput into a s e r i a l  format  and 
provides data buffering and addressing.  

Safety Item Monitor. The Safety Item 
Monitor scans  up to 100 d i sc re t e  and 50 analog 
responses  of a c r i t i ca l  na ture  during propellant 
loading. The monitor i s  a programmable  digital 
device tha t  will in ter rupt  the computer  program 
if a n  out-of-tolerance condition i s  detected on 
one of its input lines. 

Other Components. The propellant  control --- 
consoles a r e  manual consoles that can  control 
testing o ~ e r a t i o n s  under ce r t a in  conditions to - .  
be discussed shortly. The major  utilization of 
these  consoles occur  during emergency opera-  
t ions,  troubleshooting and for display of informa- 
tion. The st imuli  signal  conditioner converts  -- 
the  COm~Uter word into a d i sc re t e  command while 
the response slgnal cond~t ione r  pe r fo rms  the r e -  - 
v e r s e  function. The a w ~ l l a r v  s ~ g n a l  dlstr ibut~on -- 
unit contains the loqlc circuits for s e l e c t ~ n g  . . - 
manual o r  automatic mode of operation and the 
latching re lays  that  control  the pneumatics and 
propellant  loading. The gas  heat  exchanger r e -  
ceives gaseous hydrogen and helium and provides 
cold helium gas f o r  filling the LOX tank p r e s -  
sur iza t ion bott les and cold hydrogen gas  for fill- 
ing the engine turbine start bottle. 

Automatic pneumatic console A s e r v e s  to 
receive ,  regulate,  and control  the distribution of 
ambient helium g a s  to meet  the s tage  propulsion 
sys t em requirements  fo r  propellant  loadzng, pro- 
pellant  purging, and propellant  unloading. All 
now control  valves and s y s t e m  bleed valves a re  
controlled remotely and,automaticaily by signals 
f r o m  the  computer. Cr i t ica l  p r e s s u r e s  within 
the  console a r e  sensed by p r e s s u r e  transducers 
and monitored by the computer. Automatic 
pneumatic console B provides gaseous nitrogen. -- 
and ambient and cold gaseous hydrogen and 
helium fo r  pressur iza t ion and propellant  loading 
operations during s t a t i c  f ir ing.  

The LOX valve complex receives  LOX from 
a facility s torage  source  and controls  the flow 
t o  the s tage  LOX tank to achieve the require-  
ments  fo r  LOX filling. The function of  the liquid ., - 
hydrogen (LHz) valve complex i s  t o  receive  -- 
LHz f rom x facility s to raee  source  and control 



the flow to the s tage  LH2 tank and the gas heat 
exchanger. The DDAS ground station receives --- 
RF signals f rom the stage and converts them into 
analog and discre te  signals for presentation to 
the computer. 

Operating Concept 

The operating concept for propellant loading 
is that the automation sys tem only be utilized. 
The manual mode of operation i s  to be employed 
only for  emergency venting o r  unloading, o r  
troubleshooting, but the  p r ime  mode of operation 
is in the automatic mode under computer control. 

Computer Operation. The computer opera- 
tion is such that  it monitors the lox level auto- 
matically through the onboard propellant utilizz- 
tion system. While propellants a r e  being loaded, 
the computer scans  cr i t ica l  vehicle parameters  
such a s  tank p r e s s u r e s .  bus voltages and currents. 
valve positions, etc. I£ a malfunction is  de- 
tected during this scan,  the computer will auto- 
matically execute a loading termination routine. 
-'-e routine will  c lose  t h e m a i n  fill valves to stop 

loading process .  It will a lso  inform the t e s t  
conductor via the Line prfnter  of the cause of the 
loading interrupt.  The t e s t  conductor will theh 
make a decision a s  to the course  of  action to be 
followed. He can cancel the loading and unload 
propellants, o r  take correct ive  action to cu re  the 
problem and continue loading. Either course of 
action will b e  conducted automatically through 
use of a propellant unloading routine o r  a loading 
re-entry routine. 

Depending on the  cri t icali ty of the malfunc- 
tion, the computer i s  programmed to do one of 
several things: 

(1) Automatically s a f e  and shutdown the 
vehicle. As a n  e x a m p l e , m k  overpressur i ra-  
tion is detected, it would be automatically vented 
and the s tage  safed. 

(2) P r in t  out out-of-tolerance conditions 
to the t e s t  conductor and then "hold" until the 
test conductor decides to resume. 

( 3 )  Set a flag indicating a noncritical out-of- 
tolerance condition. These  flags will be typed 
Out a t  the end of a sequence for the t e s t  conduc- 
tor's information. 

.'ypical Signal Flow. To get a better under- 
standing of  the computer 's  ro le  and the flow of 
test operations, st imuli  and response circuits  
for the opdration of the main LOX fill valve a r e  
shown in  figures 6 and 7. The flow of a t p i c a l  
Command will be t raced through these circuits  

t o  enable t h e  r e a d e r  to obtain a c l e a r e r  p ic ture  
of the sys tem operation and computer control. 

Stimuli Circuit. F igure  6 s h m s  a simpli-  -- 
fied vers ion  of the  s t imul i  c i rcui t  for the m a ! ~  
LOX fill d v e .  To open the valve requires  that 
28 volts be applied t o  the  valve solenoid. The 
latchiog r e l a y  in  the auxi l iary  distribution unit 
(ADU) m u s t  b e  "set", i. e. . 28 volts applied t o  
the "open:' s ide  of the  relay. 

The flw of operations is as follows: TXe 
computer through the computer interface unit 
initiates commands to the s.imuli conditioner to 
send oot a d i sc re te  signal on l ine "0". The com- 
mand goes t o  the  ADU where  it mus t  first pass  
through the manual-automatic interlock re lay con- 
tacts.  The contacts a r e  in the  s t a t e  shown a-hen 
automatic testing is being performed and in the 
opposite position when manual testing is being 
performed. I£ the  signal p a s s e s  throuqh th is  - .  . 
interlock c i rcu i t  it immediately goes to both the  
response s iqnal  conditioner and the  latchine r e -  - 
lay. The signal that  goes t o  the  response  signal 
conditioner is checked by the  computer to ensure  
that the  correct re lay  is to be activated. If the 
c o m p u k r  determines  that  the  incorrect  re lay is 
being energized,  it will immediately remove the 
command s e n t  out f r o m  the  s t imul i  signal condi- 
tioner. The signal can be removed f rom the  ADU 
before the latching r e l a y  has  had a chance to re- - 
act. This scheme  of signal generation and checking 
by the computer  is known as "echo-checking". 

If the c o r r e c t  signal has been sen t  out, t he  
latching relay wil l  b e  "set" and 28 -Its will  be 
applied to t h e  solenoid of the  main LOX Eli valve. 
Note ths comrnsnds to the  solenoid is a l so  sen t  to 
the response  signal conditioner f o r  monitoring by 
the computer. 

Response C B .  Figure  7 shcms the r e -  
sponse c i rcui t  f a r  the  commands just  initiated. 
In the  LOX Valve Complex, the main LOX fill 
valve has  been  dr iven open and the wiper a r m s  
will be i n  the  position shown. The "open" signal 
will be s e n t  through the  ADU to a patch panel 
where the  signal branches.  one  indication going to 
the manual propellant con tml  console and the 
other indication going tn the  r e sponse  siznal con- 
ditioner =here  it i s  monitored by the computer. 

While information is being sen t  over  hardwire 
h o r n  the  LOX Valve Complex to the  computer. 
LOX Level information i s  being sent  via R F  link 
f rom the s t age  to the  DDAS Ground Station a h t r e  
a l l  key information is displaved on s t r i p  charts.  
F rom the  DDAS Ground Station the  information 
is sent  m she computer and t a  the  man-l consolrs  
where a digital  readout d ~ s p l a y s  the  data as re. 
quested. 



One interesting automatic test operation is 
the self-check operation. The ADU in figure 7 
indicates the presence of self-check relays, 
KI and KZ. Should the computer fail to receive 
an expected input, the "open" signal, for example. 
it will energize the appropriate sclf-check. K2, 
causing a 28 volt signal to be applied at point A. 
If the computer receives this signal it informs 
the test personnel that the original signal was 
"lost" between the LOX Valve Complex and point 
A in the ADU. If the computer does not receive 
this self-check signal, it informs the test person- 
nel that the original signal was "lost" between 
point A in the ADU and the computer. The prob- 
lem can be isolated to one-half of the equipment 
and a considerable am3unt of troubleshooting 
time can be saved. 

Manual Control. Although propellant load- 
ing is accomplished automatically, the system is 
designed to enable the test personnel to assume 
manual control in the event of an emergency con- 
dition o r  in case there is a need to troubleshoot 
the sys t em There a r e  two ways manual control 
can be obtained. 

(1) If an unsafe condition exists which r e -  
qnires immediate action. and for some reason 
the computer fails to detect it, the testing person- 
nel  can activate an "emergency stop" switch Id- 
cated on each console. This initiates an emer-  
gency shutdown routine and enables the manual 
contml switches allowing the test personnel to 
assume full manual control. 

( 2 )  At t imes during loading, manual control 
may be desired for  conditions that a r e  not of an 
emergency riature. To permit this, the test 
conductor has a master manual control switch 
which can enable the individual manual control 
switches on each console. This will permit 
rmnuai operation under the control of the test 
conductor. 

Conclusions 

While a considerable number of advance- 
ments have been made in the field of automatic 
c h e c h u t  in the past few years, it is quite 
apparent that we have just begun to realize the 
potential applications for auiomation in the test- 
ing of  large. complex systems. During the 
next decade advances in the field of automatic 
checkout should occur in three major areas. 

man-system interface. 

Second. development of automatic checkout 
for nonelectronic systems should move rapidly 
ahead with indirect sensing coming of age. The 
spur in this development should be the develop- 
ment of a nuclear stage. since the static firing 
of such a stage will require a considerable 
amount of remote testing and automatic control 
of nonelectronic systems. 

The third a rea  of development will be in on- 
board checkout systems. Long duration space 
flights u.hich will require maintenance and repair 
of the space systems by the astronauts will stim- 
ulate the development of automatic checkout sys- 
tems that a r e  an integral par t  of the flight equip- 
ment. 

First. there mill be refinements in the 
techniques employed in testing electronic sys- 
tems, these will include greater efficiency of 
computer time through improved ~rogramming 
techniques. In addition. imorovements in dis- 
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