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r e c t i f i e r  provides pamr i n  the event of r e c t i f h r  
fai lure.  

A special  pamr aystem c n u i s t i n g  of a 28-volt 
so l id  s t a t e  r e c t i f i e r  with an isolated return pro- 
vides power for th. umbilical connector monitoring 
cir:uita. 

The emt ro la  neceamary for the operation of ttn ESE 
-r system consist of the relays, switches, in- 
dicator l ights ,  pomer contactors, a d  wiring uecea- 
nary t o  energize the a y s t e r  and t o  produce the 
required configuration. 

Control and Instrumentation 

Tha heat of the control and imtrmenta t ion ayatem 
is a pair  of d i g i t a l  computers (Pipure 2). Also 
ah- in Figure 2 are  the major hardvare colponentm 
of the Saturn Wumh Computer Complex (SLCC). The 
medium-sped (28.85 ua w r d  t h e )  general purpose 
computer was desigaad p r i u r i l y  for re l iabi l i ty .  
Most of the features of a real-time control, mni-  
torinp. and logging computer application a re  in- 
corporated i n  the computer. It c o o t a i ~  a 32K 
high a p e d ,  r s n d a  access core memory, 321: d r u .  
and multiple r g n c t i c  tape stations. The word 
length is 24 b i t s ,  and there are 121 instruction.  
i n  the repertoire. There is a four-level hard- 
ware pr ior i ty  interrupt syatem and sewn input/ 
output (110) data channels. Figure 3 shws  the 
1/0 system and the peripheral e q u i p n c  on each 
channel. 

The M ccmpwera o p r a t e  asynchronously and are 
joined by a cmxial  cable data link approxiutely 
112 mile long. The data l ink and the second c a  
purer are  w r e  re l iable  and economical than the 
thousands of conduetora they replace md allow 
many tlmes the programing and operating flexi-  
b i l i t y  of a single computer s y a t a .  

The k a i c  control 110 s y a t e n  are  the d ig i t a l  data 
acquisi t ion ayatem (DDAS). the discrete ac t iv i ty  
syatem, and the display control comolea (DCC). 

The DDAS is a rasuremant system capable of pro- 
cessing both analog rasuremmts  and diacrete 
signals. The development of a solid s t a t e  vehicle 
u l t i p l e x e r ,  with no operating l i f e  l tmit .  allcwed 
continuous monitoring for the f i r s t  time on a 
NASA vehicle. Prior t o  launch, the pulse code 
d u l a c i o n  (PCM) data stream from the u l t i p l e x e r  
is iotereepted by the vehicle DDAS before it  
reaches the transmitters and is sent t o  the g r o d  
DDAS s ta t ion .  via an umbilical cable. A DDAS 
ground s ta t ion  processes ESE data. The in-fl ight  
data is sent to the OMS ground s t a t i o m  via the 
telemetry t r a m d t t e r a .  

The discre te  ac t iv i ty  system a l l w a  the c.mputer 
t o  send discrete aignals t o  eaergize relays. ae- 
quencera, devicea, etc.  associated with the ve- 
hicle and ESE system. The computer is a lso  c a p -  
ble of receiving discrete signals E r a  m KSE or  
vehicle syatem device. 

lW display control conmole a l l o w  keyboard input 
t o  the computer: t h i s  is the method by vhich 

P r o g r u  are called into execution. Discrete ai8- 
-1s may a lso  be issued or sensed. Tha DCC con- 
tains s cathode ray tube (CRT) display tube which 
displays mesaanea h a  the computer, indicating 
program execucron ststua system vl funct ions  or  
other inforut ina .  

The ESB is &.a8gned t o  o p r a t e  in  tb. ~ n u a l .  a d -  
autmat ic ,  or  automatic mode. 

In the u n u a l  d e ,  vehicle aystem functiolu a n  
controlled and ~ . ~ l t o r e d ,  bypassing the computer. 
by blockhorue wl tches  and indicatora. The con- 
t r o l  c i r cu i t s  for extremely c r i t i c a l  function. only 
have t h i s  capability t u  bypaas the computer and go 
di rec t ly  via hardwire t o  the vehicle. These c i r -  
cui ts  generally hnve parallel  ptb through the 
computer for other d e s  of operation. 

In the semiautomatic mode, vehicle system functiom 
are cootrolled and monitored by blockhouse ~ r i t c h a a  
and indicatora and the OCC. A l l  control c i r cu i t s  
pass through a program phase within the two eom- 
puters. Indications including DDAS and discrete 
a lso  pass through a program p h s e  in t M  cmputer. 

In  the automatic mode, th. w i t c b a  on the ESE 
wnela are placed i n  the i r  "auto" position. Thie 
permits the computer, under program control. t o  
take over the decision-making process md operation 
of the functions associated with the switches. No 
attempt ia  being u d e  t o  lmplernt  a completely 
a u t w t i c  countdown. A l l  actions are init iated by 
the launch engineers through the DCC m d  ESE panel 
witches.  

The d ig i t a l  event evaluator (DEE). another aeparata 
d ig i t a l  computer system, is used t o  sense and log 
a11 d imrc te  action. That is its only function. 

'th r a t e  a u t m t i c  callbrate syate- (RACS) a l l w s  
calibration of a l l  m e a ~ u r c m t s  by switchinp known 
inputs t o  each r a s u r e w n t  cLrcuit under program 
control of the checkout c-ter. 

RnrcrIOlW TEST PROGRAM R l ? O V I R E r S ~ ~  

A computer program t o  apply and remve pover t o  th 
5-IVB stage would have to r r n e  the commnents of 
the ESE and colputera into u i t i e l o s e d  i o ~ p  control 
and inatrmentation system to nccomplish the task. 

The Douglas Aircraft Company provided NASA with tk 
functional t aa t  p r o g r a  requirerents i n  a degree of 
d e t a i l  readily adapted t o  a computer program. The 
requirements were adapted from the automatic f c -  
tory checkout procedures. The factory checkout 
programs cannot be directly applied t o  prelaunch 
checkout for several reasona: the computers and 
ESE arc different and the computer operating ays- 
t ea  program are different. Because of greater 
standardization, a greater degree of autmmtion is 
possible a t  the factory. 

Although fmctory pr0gr.r t a e l v a a  ara not di-  
rectly applicable, the program docurntation i o r u  
a good huh for prelaunch programs. 



The purpose of  t h e  t e s t  program was ~wofold:  

1. Apply and remove power t o  the s tage each 
day. 

2. Check out t h e  s tage t o  ESE in te r face  once 
f o r  each new vehicle. 

The program would v e r i f y  the i n t e g r i t y  of the 
power d i s t r i b u t i o n  system. The various t e s t s  would 
e s t . ~ l r l i s h  t h a t  no s t a t i c  loads a r e  excessive and 
v e r i f y  the  c a p a b i l i t y  of the GSE t o  provide and 
c o n t r o l  power t o  and within the S-IVB stage.  

I n i t i a l  Conditions 

To e s t a b l i s h  system i n i t i a l  condit ions t h e  program 
is  required t o  check each of the ESE panel switches 
f o r  cor rec t  pos i t ion  (approximately 250 switches). 
The AUTO pos i t ion  is required for  computer program 
c o n t r o l  of the  funct ion associated with the switch. 
The ON o r  OFF pos i t ion  causes the associated func- 
t i o n  t o  assume a c e r t a i n  configurat ion and t o  in- 
h i b i t  program c o n t r o l  under the philosophy t h a t  
hardware always overr ides program control .  The 
numbers of a l l  switches not i n  the  cor rec t  posi t ion 
a r e  displayed on the  CRT. The program a l s o  senses 
approximately 100 of the d i s c r e t e  output l i n e s  f o r  
proper s t a t u s .  The numbers of the d i s c r e t e  outputs 
having incor rec t  s t a t u s  a l s o  a r e  displayed on the 
CRT. I f  any e r r o r  condit ions a r e  sensed, the pro- 
gram holds f o r  manual in te rven t ion  u n t i l  cor rec t ive  
a c t i o n  can be taken. The t e s t  operator  may choose 
t o  r e t e s t ,  resume, r e s t a r t ,  o r  terminate. A l l  the 
opt ional  ac t ions  ava i lab le  t o  the  t e s t  operator  and 
t h e i r  associated keyboard e n t r i e s  a l s o  a re  d i s -  
played on the CRT. Other options ava i lab le  t o  the  
t e s t  operator  a r e  t o  s e t  up program holds a t  pre- 
defined breakpoints,  display the numbers of the  
breakpoints a t  which t h e  program w i l l  hold, and 
i n  some instances allow jumps from one breakpoint 
t o  another o r  back up the  program t o  the  preceding 
breakpoint. 

Power Application 

After  the  system i n i t i a l  condit ions have been es -  
t ab l i shed ,  the  output voltage of each of the four 
power supplies  is checked. The power supplies  
were manually energized p r i o r  t o  program execution. 
The DDAS system allows measurements t o  a r e a l i s t i c  
2 percent accuracy. The ESE bus voltages a r e  
checked t o  ensure t h a t  none is energized. A mal- 
funct ion o r  e r r o r  ind ica t ion  w i l l  cause the  pro- 
gram t o  hold f o r  manual intervent ion,  and t o  d i s -  
play a message specifying the  e r r o r  condit ion and 
a l l  op t iona l  keyboard e n t r i e s  permitted a t  t h a t  
point.  

A message is displayed, requesting the operation 
t o  energize t h e  buses associated with power supply 
No. 1. Voltage and cur ren t  measurements a r e  
checked f o r  magnitudes within predefined tolerances 
and the associated s tage bus is  checked f o r  de- 
energized s t a t e .  Any malfunctions o r  e r r o r s  w i l l  
cause a program t o  hold f o r  manual cor rec t ion  
s i m i l a r  t o  t h a t  described above. 

Energizing the No. 1 ESE buses allows the  indica- 
t i o n  bus t o  be energized. This bus provides power 
f o r  the  ESE and vehicle  indicat ions t h a t  a r e  
brought back t o  the computer i n  the  form of d i s -  
c r e t e  s ignals .  It is now possible t o  check ap- 
proximately 100 vehicle indicators  f o r  c o r r e c t  
s t a t u s .  This check w i l l  determine t h a t  no vehicle  
systems a r e  energized. 

The remainder of the program follows an opera- 
t i o n a l  sequence s imi la r  t o  t h a t  previously de- 
scribed. The system configurat ion is checked, the 
system is then stimulated i n  some s p e c i f i c  respect ,  
and the  r e s u l t i n g  configurat ion is checked. Any 
e r r o r  o r  malfunction condition detected by the 
program w i l l  be displayed and printed and w i l l  
cause a hold f o r  manual intervention. 

The general monitor items a r e  then act ivated.  The 
general monitor is an operating system program 
designed t o  continuously scan c r i t i c a l  measure- 
ments and indicat ions specif ied i n  i ts  subroutines. 
Because the programs a r e  i n  d i f f e r e n t  computers, 
t h i s  program has the capabi l i ty  t o  operate during 
the  execution of a t e s t  program. Upon detect ion 
of an undesirable condition, it can in te r rup t  the 
t e s t  program and take the necessary cor rec t ive  
ac t ion  t o  res to re  sa fe  conditions. The general 
monitor can be programmed t o  monitor indicators  on 
conmvrnd from a t e s t  program. The Power Control 
Test program causes monitoring of the four ESE 
main bus currents .  A bus overcurrent causes t h a t  
bus t o  be deenergized. The general monitor d i s -  
continues i ts  monitor function a l s o  on command 
from a t e s t  program. 

The system is now i n  the most sa fe  configurat ion 
f o r  power app l ica t ion  t o  the S-IVB stage.  

Power is applied t o  the No. 1, No. 2 ,  and No. 3 
s tage buses, but not t o  the No. 4 bus. The No. 4 
bus powers the chilldown pump inver te r s ,  which 
have a shor t  duty cycle  and w i l l  not be checked 
during t h i s  par t  of the t e s t .  

Certain subsystems a r e  checked f o r  operab i l i ty ;  
these include the switch s e l e c t o r ,  sequencer, 
DDAS, checkout measurements group, recorded meas- 
urements group, and others  involved i n  the t e s t s  
t h a t  w i l l  follow t h i s  one during t h e  remainder of 
the day. 

The s tage is now energized and, a t  t h i s  point ,  the 
program may be terminated; a jump t o  the power-off 
rout ine may be executed t o  res to re  system i n i t i a l  
condit ions;  o r  the Power Dis t r ibu t ion  Test  port ion 
of  the program may be entered. 

Power Dis t r ibu t ion  Subsystem Test 

Figure 4 shows the four main s tage buses and the  
major subsystems energized by each. 

The t e s t  sequence philosophy remains the same f o r  
t h i s  par t  of the program. It w i l l  s u f f i c e  t o  say 
t h a t  each subsystem is energized i n  sequence and 
t h a t  power indicators  a r e  checked. I n  some cases 



load current is ra su red .  In  a Irr cases the sya- 
tern 0s exercised for a cursory operability check. 
Thr; power distr ibution eontrola for  the fo l lwing  
stage ayatco. are  checked: 

1. Propellant &%el sennor syatcm 

V.t condition aimulatim copundw 

2. Engine control system 

4. Engim cut-off voting logic 

Propellant level  sensors a n  s i u l a t e d  
wet sequentially and tested to ensure 
that any two out of the s i x  indicating 
dry w i l l  produce an angina cut-off 
c a u n d .  

5. Propellant u t i l i za t ion  system (propellant 
mixture, r a t i o  control) 

6. Auxiliary power ayatem ( r o l l  and a t t i tude  
control) 

7. Engine ignit ion ayatem 

8. T e l e e t r y  a y a t a  

9. Stage pwer  bua ib. 4 system 

10. c h i l l d m  p u p  inverter system 

11. Powr CraMfer t e a t  

This tes ta  the ab i l i t y  of ESE relay logic 
t o  remove the ground power f r m  the stage 
and t o  s u b t i t u t e  the stage bat ter ies  for 
the pwer  source. 

The Porer Dintribution Test provides a groea check 
of  the stage subsystem t o  determine that the ESE 
and stage interface is correct and that  the sya- 
t e m  do become energized on cormand. This is the 
f i r s t  t e s t  to be executed a f t e r  the stage ia  
at:acked on top of the S-IB stage. 

The power removal nubprogram, which is the reverse 
sequenea of the paver application program. m y  be 
entered from any program breakpoint t o  restore 
i n i t i a l  aystem conditions. There ill a lso  a shorter 
emergency pouer-off subprogram, uhich may be en- 
tered by a termination request from the DCC key- 
board or  by the operating system i f  determind 
necessay for higher pr ior i ty  activity.  

ODeratina Svstem Pronram 

To code the S-NB paver control program o r  other 
program of similar magnitude independently w u l d  
require an intolerable amount of e f fo r t .  The 
operating system resolves th i s  problem. This sya- 
tem includes a l l  those program chat can be stand- 
ardized and made independent of a specific vehicle 
or  t e s t  program; for example, the master scheduler. 
inputloutput, mathemtical and se l f - t e s t  routine.. 
Such program wed be w i t t e n  only once, reducing 

chances of error.  eliminating duplication of 
ef for t .  minimizing the tea t  program changes necea- 
sary from one vehicle t o  the next, ect .  In the in- 
te res t  of  econoly and time, i t  is neither required 
nor allowed to p rogra  a discrete output routine 
each time a discrete output is required; rather,  
a standard routine la  required. Adequate safe- 
p a r d s  and error checks =st be included in a11 
standard input and output routines; it is redun- 
dant. as  -11 as  risky. t o  require that each pro- 
g r a n r  always include auch error checking for 
each of the choussnds of t i r s  his program is t o  
input or output data. A l l  standard routinea 
should therefore be part of the operating system 
and a11 Last program should use them. 

Another i.portant feature of the operating ayacem 
is the monitoring and recording of selected pa- 
rameters needed for h is tor ica l  purposes. The 
operating system contain. lvlny -re featurea than 
those mentioned. The Pwer Control Test Program 
accesses the operating system for every function 
chat the Test Program executes. 

Programing the Power Control Teat Program a d  
similar program in aynbolic machine language 
allostad the p r o g r a e r  s t i l l  too much lat i tude,  
because of the f lexibi l i ty  and versa t i l i ty  of th. 
operating system program call ing sequences. It 
was therefore decided t o  develop a s e t  of standard 
ca l l ing  sequences that wuld  further reduce the 
duplication of ef for t  and the possibility of neg- 
lecting safeguard. Thus evolved a problem-oriented 
paeudo-spbolic language called CTEX, which re- 
duced each ca l l ing  sequenee t o  one operator w r d  
and a few data w r d s  and which produced the re- 
quired standarditation. 

The Power Control Test Program vns u l t l r t e l y  coded 
a t  Cape Kennedy in the CTEX language and debugged 
a t  the System Development Breadboard Facil i ty a t  
U S A ' s  Marshall Space Plight Center in Huntsville. 
Alabama. A l l  the t ea t  r equ i re rn t s  ware aatisfiad.  

It may seem, on the f i r s t  encounter with the aya- 
tam described a b m ,  that an excessive aimunt of 
ESE hardware and supporting computer program is 
involved in the eutmmtion of the manual procedun 
t o  apply p e r  to the 8-NB stage. That would be 
true i f  it were not for the fact that a11 the other 
t e s t  program that have been written and rill ba 
written wi l l  use the s e  ESE and supporting Pro- 
grams. Program are required in the netwrks,  
propellant, telemetry, f l ight  control, vehicle 
computer. and in many other areas and eubereas. 
Certain vehicle system such as  the Launch Vehicle 
Digital Computer cannot be checked wt manually 
and m a t  rely on the ESE colplcer for testing. 

Although a s ~ l e t e l y  a u t w t e d  countdown ia  not 
practical  and is not an objective of the Saturn 
project, i t  is true that  the Seturn vehicles can- 
not be checked out and declared launch-ready with- 
out the ESE computers. A. a consequence of the 
primary Saturn Project objective of progreaaive 
aut-tion. NASA is advancing the state-of-the-art 
of d ig i t a l  colputer application t o  control and 



imtruncntation. The a u t o u t i c  test ing a d  procesm 
control f ie lds  should benefit greatly. 

A new vocational discipline is being developed-- 
the engineer-programer. The practitioner of th i s  
new discipline must becme well versed in both the 
system t o  be tested and the system he rill u t i l i ze  
for the execution of  the t e s t .  He us t  be able to 
arrive a t  t e s t  requireme-nts, often with l i t t l e  more 
informtion than the system schematics. He m a t  be 
able t o  work with the system design engineer t o  gat 
every de ta i l  of each phase of the t e s t  and every 
d e t a i l  of the action to be taken for every possible 
outcome of every phaae of the teat .  

The engineer-programr ust be fully mare  of the 
capabi l i t ies  of h i s  cwputer and it. peripheral 
equipment. He =st be able t o  design a computer 
program that  w i l l  accomplish the task within the 
l imitat ions of the hardware and program support 
systems. For instance, he m a t  know (1) the time 
i t  takes the computer to issue a colvlnd and receive 
the response without regard t o  t e s t  system time, 
(2) the accuracy of any aeaaure rn t ,  (3) the amount 
of noise that  can be expected, (4) the t h e  it 
takes the general mni to r  t o  respond t o  a malfunc- 
t ion condition, (5) the scan ra te  of the general 
monitor, (6) the res t r ic t ions  of the launch cwplex 
operational procedures, (7) the su i t ab i l i t y  of the 
various coding languages available,  (8) the degree 
of diagnostics the program should attempt, and (9) 
the degree of manwl intervention that should ba 
allowed. The list of considerations is virtually 
endless, and the vocational challenge is unlimited. 

Configuration management is assuming a more impor- 
tant role than ever before. The design of progr- 
docurnta t ion is evolving so  that program specifi-  
cations describe more accurately the program design 
and are able t o  be revised more eas i ly  with chang- 
ing requirewnts. These advancements in technolow 
and management techniques w i l l  contribute greatly 
t o  the state-of-the-art. 

IUSA is achieving its objective. 

(1) Mayper, Victor. "Problem and P i t f a l l s  i n  
Automatic Test Computer," Project SET8 Report. 
new York University. School of Engineering 
and Science, Research Division. May 1965. 

(2) "Software," Research and Developeat Opera- 
t ions Report No. R-DIR-64-1. Marshall Space 
Flight Center. Rational Aaromutics and S p a  
Administration. Huntsville, Alabama. 
December 1964. 

P i p r e  1. S-IVB Stage and 888 Pwer Supplies and 
Buses. 

Figure 2. Bloekhouae Launch Pad. 
Figure 3. Computer InputlOutput System. 
Figure 4. Saturn IBIS-IVB Basic Electrical  mr 

System. 



CAPE 
CRITICAL P M R  

COMMERCIAL - a a - - - - - 
P M R  AC 

BATT BACK-UP - - - 
STATIC 

POWER SUPP PLUG 
SUPERVISION 

(ISOLATED RETURN) 

- - - 1 ,- s ; y D 1 q  "?TI sl?-t ~ l p ~  
- 

STAGE 
S-IVB FLT BAT1 

4Dll  28V DC 4D21 28V DC 4D31 28V DC 4D41 56V DC 

NOTE: POWER TRANSFER I S  ACCOMPLISHED USING MOTORIZED SWITCHES 

Figure 1. S-IVB Stage and ESS Power Supplies and Busen. 





INPUT/OUTPUT I I I O D C  S E N K  L INE  
SENSE LINES 8 GROUPS OF 2 4  L INES . 8 GROUPS OF 2 4  L INES I 





IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBM1BMIBMIBMIBMIBMIBMIBMIBMIBMIBMI:BMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM IBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM IBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIB~ 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBW 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBMIBM 
IBMIBMIBMIBMIBMIBMIBMIBM IBMIBMIBMIBMIBMIBM 


