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1.0 INTRODUCTION 

c 

, 

On June 29, 1965, The b e i n g  Company w a s  awarded Contract NAS8- 
20240 f o r  t h e  "Advanced Systems Checkout Design" study. This , 
study is  t o  determine what checkout func t ions  can and should be 
performed on-board t h e  Saturn V Instrument Unit and S-IVB s t ages ,  
how these  funct ions would be mechanized, t h e  impact o f  t hese  
changes on t h e  present ly  planned Saturn V CSE and schedules,  and 
t o  develop design guidel ines  or requirements f o r  incorporat ing t h e  
on-board checkout fea tures .  

The concept of Airborne Evaluation Equipment (AEE) is centered on 
t h e  use of  on-board stage equipment for evaluat ion of  stage s t a t u s .  
This concept provides a high degree of  stage autonomy as regards 
t e s t i n g ,  providing consis tent  results through a l l  phases of  t e s t  
and reduces t h e  requirements f o r  support  equipment. 

1.1 SCOPE OF STUDY 

The present  checkout method f o r  t h e  Saturn vehic le  u t i l i z e s  ex- 
t ens ive  support  equipment to  determine vehic le  condi t ion,  with 
access  through numerous umbilical  connections. The equipment being 
used v a r i e s  i n  type and configuration between the  various test 
loca t ions  making test da ta  co r re l a t ion  d i f f i c u l t .  With t h e  emer- 
gence of t h i s  vehic le  from a developmental s t a t u s ,  t h e  test  re- 
quirements can be more firmly e s t ab l i shed  and t h e  need f o r  ac- 
qu i r ing  engineering d a t a  reduced. With t h e  advances being made 
i n  e l e c t r o n i c s  packaging density,  s i z e ,  and power consumption, it 
i s  f e a s i b l e  t o  perform t h i s  new scope of  t e s t i n g  with a l a r g e  share  
of t h e  evaluat ion equipment loca t ed  on t h e  vehic le  proper. This 
would a l s o  provide relief in  co r re l a t ion  of  tes t  r e s u l t s  between 
tes t  s i tes  s ince  t h e  tes t  equipment would t r a v e l  with the  vehicle .  
It would a l s o  be ava i l ab le  during t h e  mission t o  perform M i n - f l i gh t  
checkout. 

This concept p laces  new emphasis on t h e  i n t e r f a c e  between t h e  vehic le  
and support  equipment. With an on-board checkout system, t h e  bulk 
of  t h e  da t a  reduct ion and evaluat ion can occur on t h e  s tages  under 
t h e  o v e r a l l  supervisory control  of  t h e  support  complex computer and 
s ta tus  and maintenance information s e n t  t o  t h e  ground by a data l ink .  

The in t roduct ion  of  t h i s  concept w i l l  d r a s t i c a l l y  reduce t h e  number 
of  umbil ical  interconnects  and quan t i ty  of  support  equipment making 
it easier and less c o s t l y  t o  accommodate varying configurat ions of  
vehic les  at checkout complexes. 

The implementation of  t h e  AEE concept may w e l l  be accomplished i n  
degrees,  t h a t  i s ,  t h e  f i rs t  s t e p  being t h e  placement of t h e  funct ion 
equipment, i n  a miniaturized form, on t h e  s t age  and t h e  second s t e p  
being where t h e  s t age  subsystem i s  re-designed t o  incorporate  t h e  
function. 
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c 1.2 STUDY ORGANIZATION 

This s tudy ,  i n  accord w i t h  t h e  work statement, is  divided i n t o  t w b  
phases. Phase A c o n s i s t s  of a t e n  month e f f o r t  t o  develop t h e  AEE 
concept and Phase B, a three  month effor t  t o  generate  t h e  guide-, 
l i n e s  f o r  i ts  incorporat ion i n t o  a space veh ic l e  system. 
has f u r t h e r  been divided i n t o  e i g h t  t a s k s  f o r  t h e  purpose of  iden- 
t i e i n g  s p e c i f i c  Jobs within t h e  s tudy ,  and Phase B i n t o  two. 

Phase A 

Tasks 1, 2, 3, and 4 are b a s i c a l l y  for t h e  purpose of  de f in ing  a 
veh ic l e  conf igura t ion  against which various test and checkout con- 
cep t s  can be evaluated.  This veh ic l e  conf igura t ion  i s  determined 
using Saturn I B  Instrument Unit and S-IVB s t a g e  documentation 
furn ished  by NASA. 
methods t o  accomplish on-board checkout. 
i n t o  t h e  impact and implementation of t h e  concept. 

Tasks 5 and 6 c o n s i s t  of an inves t iga t ion  i n t o  
Tasks 7 and 8 are s t u d i e s  

Phase B i s  divided i n t o  two t a sks .  One is  a cont inua t ion  o f  Phase 
A ,  Task 7 and 8, t h e  o ther ,  gu ide l ines  f o r  incorpora t ing  t h e  concept. 

2.0 PROGRESS AND ANTICIPATED WORK 

It w a s  planned for the  f i r s t  q u a r t e r  t o  perform a d e t a i l e d  s tudy of 
t h e  Saturn I B  Instrument Unit and S-IVB s t a g e  conf igura t ion  and 
opera t ions  t o  l a y  a foundation f o r  t h e  AEE concept. Tasks 1, 2,  
and 3 of t h e  ASCD Study Plan were def ined t o  accomplish t h i s  e f f o r t .  

Tasks 1. Wire by Wire Elimination of  Umbilicals.  This t a s k  pro- 
v ides  f o r  a d e t a i l e d  examination i n t o  t h e  purpose and func t ion  of  
each umbi l ica l  connection between t h e  s t a g e s  and GSE. 
c o n s i s t s  of t h e  following: 

Progress  

A. Each umbi l ica l  wire on t h e  Saturn I B  Instrument U n i t  and 
8-IVB s t a g e  has been i d e n t i f i e d  and cataloged.  

B. A r ep resen ta t ive  c i r c u i t  schematic has been dram f o r  each 
umbi l ica l  contained on t h e  S-IVB s t a g e  and 20% of those  on 
t h e  Instrument Unit. 

C. To summarize t h e  above i n v e s t i g a t i o n ,  t h e  S-IVB s t a g e  
umbi l ica ls  have been c l a s s i f i e d  as t o  types  of s i g n a l s .  
These s i g n a l  types are: 

1. Analog Measurements 
2. Analog Commands 
3. B i  Level Measurements ( d i s c r e t e s )  
4. B i  Level Commands ( d i s c r e t e s )  
5 w  Power Supply - Including ground power and e x c i t a t i o n  

t o  var ious t ransducers .  
6. Shie lds  
7. Connector Mated In te rconnec ts  
0. Spare - Including unassigned and reserved f o r  f u t u r e  

use. 
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. These a r e  presented i n  t w o  char t s ,  s i g n a l  type  by connector and 
s i g n a l  type by system (Figure 1 and 2 ) .  

A data shee t ,  1 of 1348, i s  enclosed (Figure 3) as an example of  
t h e  type of  data co l l ec t ed  i n  t h i s  task .  

Task  2. Examination of Stage Operational Functions. This t a s k  
provides f o r  a detailed examination i n t o  t h e  purpose and funct ion 
of each subsystem aboard the  stages. Or ig ina l ly  it w a s  intended 
t h a t  t h i s  t a s k  c o l l e c t  those func t iona l ,  system o r i e n t a t e d  schematics 
t h a t  i den t i fy  each subsystem aboard t h e  s tages  and l e a r n  of  t h e i r  
operat ion f o r  considerat ion of improved on-board t e s t  requirements 
and techniques. However, t h i s  type of  schematic has not been ava i l ab le ,  
thus  necess i t a t ing  the  development of these  drawings from many sources ,  
requi r ing  more t i m e  than tha t  programmed. 
s i s t e d  of i den t i fy ing  and sketching approximately 40% of  t h e  s-IVB 
s t age  subsystems, and t h e  co l lec t ion  of  l i m i t e d  information on 
S-IB-IU systems. 

Progress t o  da t e  has con- 

Task 3. Assessment of  Checkout Philosophy and Procedures. This t a s k  
provides f o r  t h e  study and de f in i t i on  of t he  S-IVB/IU s t age  checkout 
philosophy, GSE requirements and maintenance concept. The study i s  
broad and encompasses a l l  checkout phases and requirements from post  
manufacturing t h r u  prelaunch and o r b i t a l  checkout. This t a s k  i s  
considered 90% complete, accomplishments cons i s t s  of  t h e  following: 

A. The S-IVB/IU checkout scheme i s  defined, s t a r t i n g  with pos t  
manufacturing checkout through pre-launch and o r b i t a l  check- 
out .  

B. Gross t es t  requirements f o r  a l l  phases of  checkout are 
iden t i f i ed .  This only includes a l i s t i n g  of t e s t s  t h a t  a r e  
contemplated, however, t h i s  por t ion  of t h e  t a s k  is  considered 
incomplete due t o  the l e k  of  d e t a i l e d  t es t  requirements f o r  
each phase of  checkout. 

C. The cur ren t  GSE is par t ly  def ined,  however, l i t t l e  i s  known 
about i ts  u t i l i z a t i o n  . 

D. The results of  t h i s  t a s k  have been documented. 

It was planned for t h i s  quarter  t o  have m e t  t h e  ob jec t ives  of  Tasks 
1, 2,  3, and 4 as out l ined  i n  t h e  ASCD Study Plan. As seen,  t h e  
results obtained t o  da t e  have f a l l e n  sho r t  of  t h i s  goal. This plan 
w a s  based on t h e  a v a i l a b i l i t y  of  adequate documentation t o  allow 
f o r  e a r l y  f ami l i a r i za t ion  of t h e  vehic le  configurat ion and operation. 
P a r t i c u l a r l y ,  Tasks 2 and 3 were for t h i s  purpose and were designed 
t o  c o l l e c t  and catalogue t h i s  information f o r  f u t u r e  reference.  The 
d a t a  on hand is considered inadequate t o  provide a complete under- 
s tanding  of system operation. Therefore,  it has been necessary t o  
c r e a t e  an additional.  t a s k  (Task 2A) t o  provide t h i s  information. 
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I . 

BREAKDOWN - SIGNAL T Y P E  BY CONNECTOR 

I 

CONNECTOR ANALOG ANALOG B I  LEVEL BI LEVEL POWER CONNECT01 
NUMBER MEASUREMENT COMMAIJD MEASUREMENT COMMAND ’ SPARE . S H I E L D  S U P P L Y  MATED 

411WlJ1 8 39 9 4 

411W2J1 6 2 2 37 4 1 8 

411W17J1 6 4 14 5 

411W17J2 7 15 7 

411W20 J1 21 34 1 2 2 

411W20 351 5 1 

404Wl J1 48 10 2 

404W2 J1 8 43 3 4 2 

404W351 10 2 46 2 

404W4J1 8 2 35 4 5 4 2 

404W15 J1 9 1 6 13 

404W15J2 6 4 5 9 5 

I 63 14 126 167 103 15 44 10 

FIGURE 1 
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Sequence numbers axe assigned t o  each system by t h e  Douglas 
A i r c r a f t  Company. These are used i n  t h e  following cha r t .  * 

c1 

c2 

c3 

c4 

c5 

c6 

c7 

c8 

c10 

c11 

c12 

C 1 3  

C 1 4  

C 1 5  

c16 

C 1 7  

c18 

Cl9 

Engine S t a r t  System 

Engine Cutoff System 

Fuel Tank Pressurizat ion System 

LOX Tank Pressu r i za t ion  System 

Control Helium System 

AF'S Leak Detection System (S5) 

A t t i t u d e  Control System 

Propulsion Leak Detection System 

F l i g h t  Control System 

Auxil iary Hydraulic System 

Power Distr ibut ion System 

EBW System 

Prope l l an t  U t i l i z a t i o n  Loading System 

Prope l l an t  U t i l i z a t i o n  F l i g h t  System 

Data Acquisition Control System 

Range Safety System No. 1 

Range Sa fe ty  System No. 2 

Engine Checkout System 

FIGURE 2B 
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UMBILICAL: S-IVB A f t  Umbilical 

CONNECTOR NUMBER: 404W251 Pin 18 

TITLE: Measurement Fuel Chilldown Shutoff 
Valve Open 

FROM: S-IVB t o  CSE 

WIRE FUNCTION: Me as urement 

RECOMMENDATION: On-Board Measurement Feasible  

1. Check Ut i l i za t ion  o f  T/M Points  

2. Check Ut i l i za t ion  of Valve Mounted Sensor 

PROCEDURE: 

1. Delete Bus 4D119 
Delete S1 Contacts F, E ,  and D. 
U t i l i z e  T/M Point for On-Board Maasurement 
Increase Capacity a t  Bus 4011 

EQUIPMENT &/OR CHANGES REQUIRED: 

On-Board Evaluator Required 

EFFECT ON TEST PHILOSOPHY OR PROCEDURES: 

None 

EFFECT ON GSE: 

D e l  e t  ion 

NAS 8-20240 (3) 
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W l l  i I  

FIGURE 3B 
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3.0 

4.0 

Task 2A is designed t o  co l l ec t  information from many sources  and 
develop system schematics t o  a i d  i n  t h e  i d e n t i f i c a t i o n  of  present  
test techniques and allow for t h e  establishment of new or altered 
t e s t  techniques. As an example, t h e  propel lan t  management system 
descr ip t ion  and schematics developed for t h i s  purpose are enclosed. 
This schematic w a s  developed from Advanced Functional Schematics 
furnished by NASA and from a Boeing company t r a i n i n g  manual. 

This t a s k ,  u t i l i z i n g  present information on t h e  S-IVB stage is 
scheduled t o  be completed by November 1. Simi la r  schematics w i l l  
be required f o r  t h e  instrument un i t .  However, t h e  documentation i s  
not  ava i l ab le  for t h i s  purpose, and when received may be of a type 
r e a d i l y  used, not  requir ing a cont inuat ion of  Task 2A. 

Task 1 completion i s  dependent upon r e c e i p t  of  I U  system documents 
and S-IVB/IU test  requirements. 
continued u n t i l  f u r t h e r  documentation is  received. 
in te r im,  t h e  DDAS and PCM telemetry system w i l l  be s tud ied  f o r  
u t i l i z a t i o n  or adaption and modification i n t o  on-board tes t  systems. 
This is planned for completion by October 15. 

This t a s k  cannot be completed or 
During t h i s  

Further  work on Task 3 w i l l  be suspended u n t i l  a l a te r  date when 
information on a more se lec ted  basis w i l l  be required and more 
information made avai lable .  

Task 4 is  expected t o  begin October 1 5  with respec t  t o  on-board t e s t  

System concepts,  however, cannot be f i n a l i z e d  u n t i l  a c t u a l  d e t a i l e d  
test  requirements a r e  known. 

+nnhn i niioa na y l + D m _  ~T??~~-~~ i p ~  +ppze~ E ~ P  4 1 ob.Le +_hr-E-h V-eL 3 A ---- --.. =---  - 

SCHEDULING AND MANNING 

A cha r t  containing t h e  information i s  shown i n  Figure 4 and r e f l e c t s  
t h e  following changes : 

A. I d e n t i f i c a t i o n  of stage checkout funct ions extended one month. 

B. Mechanization of AEE delayed u n t i l  October 15. 

C. Manning l e v e l  at e igh t  men extended one month. 

PROBLEMS 

T e s t  and checkout concepts are t o t a l l y  dependent on t h e  configurat ion 
and use of  t h e  system t o  be tested. The ASCD Study Plan i s  organized 
i n  t h i s  manner and approximately t h r e e  months e f f o r t  i s  provided f o r  
t h i s  purpose. 
q u a n t i t i e s  of data would be quickly provided by NASA, but  t h i s  data 
would be of  a type t h a t  can r e a d i l y  be used t o  gain an understanding 
of system operat ion.  This has not  been t h e  case. The da ta  furnished 
is  incomplete and has arr ived i n  p a r t s .  

It w a s  assumed during t h i s  planning t h a t  not  only 

For t h e  study of t h e  S-IVB stage, t h e  da t a  furnished has b a s i c a l l y  
cons is ted  of  Advanced Functional Schematics and Systems Design T e s t  

N A S  8-20240 (3) 



. 
and Checkout Requirements. The schematics are s u f f i c i e n t  t o  t r a c e  
umbil ical  l i n e s  t o  t h e i r  source, however, due t o  t h e i r  l ack  o f  
system o r i e n t a t i o n ,  a system ana lys i s  is d i f f i c u l t  t o  accomplish. 
Further ,  i n  configuring a t e s t  c o n t r o l l e r ,  tes t  requirements must 
be known. These requirements must cons i s t  of  sequencing, t o l e r -  
ances,  magnitudes, p re requ i s i t e s ,  e c t . ,  for more than t h a t  covered 
i n  t h e  document provided. Also it w a s  assumed t h a t  a document 
vould be provided t h a t  describes t h e  operat ion of t h e  vehic le ,  f o r  
example, how t h e  propel lant  u t i l i z a t i o n  system works i n  de ta i l ,  
t h e  countdown sequencing, range s a f e t y ,  f u e l i n g  sequences, emer- 
gency de tec t ion  system, ect .  

For t h e  study of t h e  Instrument Unit ,  t h e  information provided has 
cons is ted  of t h e  Astr ionics  Systems Handbook and an interconnect  
wir ing schematic, f a r  less useable d a t a  than received f o r  t h e  S-IVB 
stage. For t h i s  study, the  saae data is requi red  as described i n  
t h e  preceeding paragraph. 

Many at tempts  have been made t o  secure t h i s  da t a  from i n t e r n a l  
sources with l imi t ed  success. In  any event t h i s  i s  cos t ly ,  t i m e  
consuming, and t h e  da ta  obtained has been of l i t t l e  use. 

Further ,  t h e  above information, when provided w i l l  allow t h e  formu- 
l a t i o n  of on-board test concepts, f o r  a cos t  and ef fec t iveness  
ana lys i s  and an in tegra t ion  plan o the r  information must be for th-  
coming. 



'MONTH 

MONTHLY REPORTS 

PHASE 4 

PllASF A PRESENTATION 

IDERTIFICATION OF STAGE 
CilECKOUT FUNC'I'LONO 

VECHANIZATION OF AEE 

COST,EFFECTIVENESB 

PHASE B 

PHASE B FORMAL PEPOAT 

r; 
1 
rn 

m I 
M A  

i7 

v 

- 
J - 
V 

7 

NAS 8720240 (3) 
-- 



PROPELLANT MANAGEMENT SYSTEM 

I. GENERAL DESCRIPTION 

The S-IVB p rope l l an t  management system provides c o n t r o l ,  monitoring 
and checkout f o r  propel lant  loading mass i n d i c a t i o n  and p rope l l an t  
u t i l i z a t i o n .  In  S-V S-IVB system p rope l l an t  dep le t ion  c a p a b i l i t y  
is added. 

Fuel Mass Probe - capaci t ive type 
LOX Mass Probe - capaci t ive type 
P.U. E lec t ron ic s  Assembly - provides con t ro l  s i g n a l s  
I n v e r t e r  Converter - converts  28 VDC from Forward No. 2 

Bat tery i n t o  AC and DC f o r  P.U. E lec t ron ic s  Assembly 
Fast  - f i l l  cu to f f  sensors ( 2 )  
Emergency Over-f i l l  Cutoff Sensors ( 2 )  
Engine Propel lant  U t i l i z a t i o n  Valve 

Tank Engine Cutoff Sensors ( 3 )  
LO "j; Tank Engine Cutoff Sensors ( 3 )  

11. OPERATION 

Propel lant  LoadinR System 

The capacitance of  t h e  continuous probes vary p ropor t iona l ly  t o  t h e  
mass of p rope l l an t  i n  the tanks.  The P.U. E lec t ron ic s  Assembly 
converts  t h e  capacitance of t h e  probes t o  e l e c t r i c a l  s i g n a l s  during 
loading and u t i l i z a t i o n  during f l i g h t .  The f a s t - f i l l  and over- 
f i l l  c u t o f f  s enso r s  prevent o v e r - f i l l  i n  t h e  event t h e  P.U. Elec- 
t r o n i c s  Assembly s i g n a l  f a i l s .  

The loading operat ion begins with LOX chilldown. Chilldown flow 
continues t o  5% o f  f u l l  load a t  which time fas t - f i l l  starts and 
continues u n t i l  95% l e v e l  loading. Then continues a t  t h e  slow- 
fill rate t o  100%. 
l e v e l  by e s t a b l i s h i n g  f i l l  rates equal  t o  boi l -off  rates. 

The GSE rep len i sh  valve maintains t h e  100% 

Prope l l an t  U t i l i z a t i o n  FliRht System 

Measures and c o n t r o l s  the LOX/LH2 f l o w  rate and generates  error 
s i g n a l  r ep resen t ing  deviat ion from t h e  d e s i r e d  L0X/LH2 mixture 
r a t i o  required.  The s igna l  i s  u t i l i z e d  i n  t h e  servo system which 
c o n t r o l s  t h e  mixture r a t i o  o f  t h e  engine p r o p e l l a n t  u t i l i z a t i o n  
valve by by-passing port ion of LOX from LOX pump back t o  engine 
Pump 

NAS 8-20240 (3) 
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ENCLOSURE 

PROPELLANT MANAGEMENT SYSTEM 
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I. 11. OPERATION (Continued) 

Propel lant  Depletion System 

I n i t i a t e s  a s i g n a l  t o  shut down t h e  engines a t  propel lan t  deple- 
t i o n  t o  minimize propel lant  res idua ls .  The s i g n a l  is generated 
when two out  of t h r e e  sensors from t h e  same tank ind ica t e  deple- 
t i on .  

111. SYSTEM BLOCK DIAGRAM 

Enclosed (1 page) 

I V .  SYSTEM SCHEMATIC DIAGRAM 

Enclosed ( 4  pages) 

V. PRESENT TEST REQUIREMENT 

Iden t i fy  t es t  poin ts  andior umbil icals  f o r  

1. Manufacturing 

2. Pre-Launch 

3. Orb i t a l  

Unknown 

V I .  TREATMENT OF EMERGENCY, HOLD, CUTOFF, ETC. 

Unknown 

V I I .  APPLICATION OF AEE TECHNIQUE 

unknown 

V I I I .  IMPACT DUE TO APPLICATION OF AEE TECHNIQUE 

Unknown 
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