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INTRODUCTION 

This Engineering Capab i l i t i e s  Presenta t ion  l i s t s  the competence and - -- --. - . -  --- 

c a p a b i l i t y  t h a t  has  been demonstrated by the  Space Support Division of 

Sperry Rand Corporation while f u l f i l l i n g  cont rac tual  comrnittments i n  the  

aerospace indust ry .  This i s  a  preliminary presenta t ion;  the  prepara t ion  

of a  complete c a p a b i l i t i e s  h i s t o r y  of the  d iv i s ion  i s  cur ren t ly  i n  the  

developmental s tage.  

The Capab i l i t i e s  Experience Summary i s  comprised of t en  ca tegor ies ,  

e.g. Category 1 - Aeronautics, e t c .  

The c a p a b i l i t i e s  reported he re in  were performed by the  Space Support 

Division under Contract NAS8-20055 t o  the  National Aeronautics and Space 

Administration, George C. Marshall Space F l igh t  Center,  Ast r ionics  Lab- 

ora tory ,  Huntsvi l le ,  Alabama. 
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CATEGORY 1 - AERONAUTICS 

e Engine-Out Study, Saturn I B  Vehicle 

A s imula t ion  s tudy was performed t o  determine which engine and/or  a c t u a t o r  

f a i l u r e  would be most c r i t i c a l  dur ing  t h e  launch phase. A d i g i t a l  program, 

r e f l e c t i n g  t r a j e c t o r i e s  and response c h a r a c t e r i s t i c s ,  was used t o  determine 

c o n t r o l  system parameter v a r i a t i o n s .  

Wind P r o f i l e s  Simulation 

Syn the t i c  wind p r o f i l e s  and a computer ( d i g i t a l )  program were developed 

t o  determine wind d i s tu rbance  e f f e c t s  on t h e  response and s t a b i l i t y  of  launch 

v e h i c l e s .  The b a s i c  s c a l a r  p r o f i l e  w a s  a l t e r e d  t o  provide a r e a l i s t i c  model 

w i th  shea r  bui ld-up,  superimposed g u s t s ,  and t h e  reduct ion  of wind speeds t o  

zero.  

CATEGORY 2 - MANAGEMENT 

0 Adminis t ra t ive  Data 

Performed ana lyses  and s t u d i e s  of e x i s t i n g  o rgan iza t ions ,  func t ions ,  

and R&D Opera t ions  management d i r e c t i v e s .  Prepared c r i t e r i a  f o r  management 

p l an  by lending cont inuous a s s i s t a n c e  i n  t h e  implementation, coo rd ina t ion ,  

and assignment of  d i r e c t i v e s ,  planning,  scheduling,  c o n t r o l ,  and conf igu ra t ion  

d a t a  a c t i v i t i e s .  

e Apollo Telescope Mount (ATM) P r o j e c t  Of f i ce  I n t e g r a t i o n  

Operated a communications, p r o j e c t  s t a t u s ,  d a t a  a s s i m i l a t i o n  and 

r e t r i e v a l  c e n t e r  where r e p o r t s  and p re sen ta t ions  were prepared by w r i t e r s  and 

a n a l y s t s  on r eques t  of George C. Marshall  Space F l i g h t  Center (MSFC) ATM 

P r o j e c t  Of f i ce .  I n p u t s  f o r  r e p o r t s  were obtained from research ,  i n t e rv i ews ,  

and e x t r a c t i o n s  from o t h e r  documents. 



Instrumentat ion and Components Program L i s t  

An instrumentat ion and components program l i s t  f o r  the  ATM was 

prepared, maintained and d i s t r i b u t e d .  This program list i s  a conf igura t ion  

con t ro l  document l i s t i n g  a l l  telemetry measurements, measurement ranges, 

type of s igna l  condit ioning,  telemetry channel assignments, and t o t a l  equipment 

requirements f o r  an a i rborne  RF telemetry and command system. 

Technical Assistance 

Technical coordinat ion has been provided t o  MSFC labora to r i e s  i n  the  

prepara t ion  and maintenance of instrumentat ion p a r t s  and components l i s ts  

( I P  & CL). This  r equ i res  an evaluat ion  of a l l  measurement reques ts  and the  

d r a f t i n g  of engineering change reques ts  (ECR) f o r  updating purposes. Levels 

I1 and 111 Configuration Control Board meetings a r e  at tended by d i v i s i o n  

personnel t o  review proposed changes, and t o  provide technica l  evaluat ions  of 

contractor-submitted engineering change proposals (ECP), 

e Program Management 

Responsible f o r  providing d i r e c t  engineering and technica l  support t o  

MSFC Astr ionics  Laboratory i n  program assessment, evaluat ion of progress,  

and development and maintenance of a program basel ine  change contro l  system. 

Currently performing p ro jec t  requirements coordinat ion t a sks  r e l a t e d  t o  

schedules,  changes, and i n t e r f a c e  cont ro l .  

ATM Configuration Management 

Established a system f o r  configurat ion cont ro l  and documentation flow 

f o r  the  ATM program. The concept of a workable configurat ion management plan 

and documentation cont ro l  plan was presented t o  and approved by the MSFC ATM 

Pro jec t  Off ice ;  then documented and implemented. 



e ATM Experiment I n t e r f a c e  Control  Documents 

Retriewed and analyzed experimenter  and ATM e l e c t r i c a l  c i r c u i t s ,  and 

maintained e l e c t r i c a l  systems compa t ib i l i t y  between experimenters ,  MSFC, 

and Manned Spacec ra f t  Center by gene ra t i ng  e l e c t r i c a l  i n t e r f a c e  c o n t r o l  

documents and e l e c t r i c a l  i n t e r f a c e  d e f i n i n g  documents. Reviewed expe r i -  

men te r ' s  proposed changes and recommended acceptance o r  r e f u s a l  by t h e  

Conf igura t ion  Contro 1 Board. 

Opera t ions  Analysis  

Th i s  a c t i v i t y  i nvo lves  t h e  performance of ana lyses  and s t u d i e s  f o r  

t h e  e s t ab l i shmen t  of documentation p l ans  and o p e r a t i o n a l  procedures ,  and f o r  

d e f i n i n g  p r o j e c t  suppor t  r equ i r ed  of  l i n e  o rgan iza t ion  elements.  Th i s  

e f f o r t  i nvo lves  t h e  review of  test  procedures ,  test p l ans ,  l o g i s t i c  requirements ,  

r e l i a b i l i t y  p l ans ,  q u a l i t y  p l ans ,  and o t h e r  documentation concerning ass igned  

p r o j e c t s .  

e Technological  Information Summary, Sa turn  I B  and V F l i g h t  Vehic les  

Assemble a l l  in format ion  r equ i r ed  f o r  pub l i sh ing  a  Technical  Informat ion  

Summary on each f l i g h t  veh i c l e .  Prepare  ske tches  of  app rop r i a t e  block diagrams 

of e l e c t r i c a l ,  t e l eme t ry ,  measuring, RF, c o n t r o l  guidance, t r ack ing ,  emergency 

d e t e c t i o n ,  and range s a f e t y  systems; i n  o r d e r  t o  provide a  gene ra l i zed  

p o r t r a y a l  o f ,  and a d e s c r i p t i o n  ( n a r r a t i v e )  f o r  each system. 

a A r t i s t ' s  Concept of  t h e  ATM E l e c t r i c a l  Support Equipment Console 

A d e t a i l e d  water  c o l o r  drawing, an a r t i s t ' s  concept of a t y p i c a l  ATM 

e l e c t r i c a l  suppor t  equipment console ,  w a s  prepared f o r  a  p r e s e n t a t i o n  given by 

D r .  Wernher Von Braun t o  t h e  Nat ional  Aeronaut ics  and Space Adminis t ra t ion 

Headquarters.  



Evalua t ion  and Summary of D i sc re t e  Components 

Prepared P a r t s  Analysis Summary Sheets  (PASS) f o r  d i s c r e t e  e l e c t r o n i c  

components from summation of  d a t a  from t h r e e  o r  more Interagency Data Exchange 

Program (IDEP) r e p o r t s .  This  t a s k  involved the  s tudy,  eva lua t ion ,  and a n a l y s i s  

of IDEP r e p o r t s  f o r  a  s p e c i f i c  component, and l i a i s o n  wi th  customer and 

vendor t o  i n s u r e  t h a t  t h e  device  was wi th in  the  c u r r e n t  s t a t e - o f - t h e - a r t  and 

conformed t o  t h e  i n d i c a t e d  s p e c i f i c a t i o n s .  

a ' E l e c t r i c a l  System Schematic Documentation 

Prepared C las s  I e l e c t r i c a l  schematic documentation. The schematics  

were produced i n  accordance wi th  MSFC format and document mission r equ i r e -  

ments. 

MSFC Pre fe r r ed  P a r t s  Document 

MSFC-PPD-600 was r ev i sed  t o  main ta in  s t a t e - o f - t h e - a r t  q u a l i t y  of 

e l e c t r i c a l  p a r t s  s u i t a b l e  f o r  space systems. C r i t e r i a  w a s  e s t a b l i s h e d  f o r  

the s e l e c t i o n  of d e l e t i o n  of i t e m s  l i s t e d  and a  new concept of document 

o rgan iza t ion  was e f f e c t e d .  

CATEGORY 3 - ELECTRONICS AND ELECTRICAL ENGINEERING 

D i s c r e t e  Components Packaging 

An e lec t romechanica l  package, involv ing  t h i c k  and t h i n  masks and sub- 

s t r a t e s ,  w a s  designed u t i l i z i n g  the  evaporat ion technique. Weldable d i s c r e t e  

components were mounted on t h e  f i n i s h e d  s u b s t r a t e  and the  assembly w a s  then  

encased i n  an electron-beam welded housing. 



Saturn Vehicle  P a r t s  Inventory Program 

A system f o r  performing an e l e c t r i c a l  p a r t s  inventory  of a11 p a r t s  used 

i n  t h e  Sa turn  S-IB v e h i c l e  was devised. The e l e c t r i c a l  p a r t s  inventory  was 

prepared from an i n p u t  of des igner  r epo r t s .  

Component S p e c i f i c a t i o n  Control  Drawings 

S p e c i f i c a t i o n  c o n t r o l  drawings f o r  va r ious  electromechanical  components 

were r ev i sed  t o  augment t h e  requirements f o r  t h e i r  i n c l u s i o n  i n t o  t h e  ATM 

program. The r e v i s i o n  e f f o r t  included t h e  updat ing of component des ign  and 

environmental q u a l i f i c a t i o n  requirements.  

So l id  S t a t e  D i s t r i b u t o r s  - Device Screening 

Screened s o l i d  s t a t e  devices  w i th  the  c a p a b i l i t y  of being configured 

as a r e l ay .  The screening  a c t i v i t y  cons i s t ed  of reviewing t h e  device  

c h a r a c t e r i s t i c s  from manufacturer s p e c i f i c a t i o n s  and by sub jec t ing  t h e  

dev ices  t o  t e s t i n g .  

Thin-Fi l m  Mult i  l a y e r  R e g i s t r a t i o n  System 

Designed a t h i n - f i  l m  magnetic memory a r r a y  c o n s i s t i n g  of magnetic 

memory elements ,  word d r i v e  l i n e s ,  d i g i t  sense l i n e s ,  w i th  a s soc i a t ed  

i n s u l a t i v e  and hermet ic  s e a l i n g  l aye r s .  The a r r a y  w a s  combined i n  one 

vacuum pumpdown. 

e D i g i t a l  Mul t ip lexer  

A mu l t ip l exe r  w a s  designed and f a b r i c a t e d  f o r  use  wi th  t h e  ATM X-ray 

t e l e scope  experiment. The mul t ip l exe r  i s  packaged on e i g h t  double-s ided 

c a r d s  conta in ing  410 f l a t p a c k  i n t e g r a t e d  c i r c u i t  packages and miscel laneous 

d i s c r e t e  components. 



Video Se lec to r  Switch 

A l i g h t  weight, remote-controlled, s o l i d  s t a t e  video scanning switch 

was designed, developed, and fabr i ca ted  f o r  use i n  the  ATM video system. 

The switch has a power r a t i n g  of 5 wa t t s  a t  28 v o l t s  d i r e c t  current .  

Semiconductor R e l i a b i l i t y  Screening Speci f ica t ions  

Prepared high r e l i a b i l i t y  screening spec i f i ca t ions  f o r  semiconductor 

devices. The George C. Marshall Space F l igh t  Center (MSFC) s p e c i f i c a t i o n s  

o u t l i n e  and e s t a b l i s h  the  opera t ional  and mechanical c h a r a c t e r i s t i c s  of 

the  devices ,  thereby e s t a b l i s h i n g  minimum requirements f o r  t h e i r  purchase. 

a Stratoscope I1 E l e c t r i c a l  P a r t s  Review 

An e l e c t r i c a l  p a r t s  review of Stratoscope I1 p a r t s  was conducted t o  

confirm the  mer i t  of t h e i r  a p p l i c a b i l i t y  i n  the  Stratoscope 11; a s  r e l a t e d  

t o  t h e  environmental and r e l i a b i l i t y  requirements of the  mission. Stratoscope 

I1 i s  a telescope-instrument system, pod-mounted t o  a bal loon which i s  

capable of l i f t i n g  the  telescope pod t o  an a l t i t u d e  of 80 t o  100 miles,  

f o r  the  purpose of R&D astronomical survei l lance .  

Bayonet Coupling Connectors - Design Guide Lines 

Two MSFC Design Guide Lines (DGL1s) a r e  being prepared f o r  two 

types of bayonet coupling connectors. One DGL descr ibes  connectors which 

conform t o  MIL-C-26482C ( c i r c u l a r ,  miniature,  quick d isconnect ) ;  with 

so lder  o r  crimp type terminals ,  accessor ies  and i n s e r t  arrangements which 

a r e  considered standard. 

8 Systems-Components Qua l i f i ca t ion  Tes t ing  

Qua l i f i ca t ion  t e s t s  were performed on various systems and components 

t o  qua l i fy  them f o r  use  i n  space appl ica t ions .  P a r t s  and systems t e s t e d  inc lude ,  

but  a r e  not  l imi ted  t o :  s a t e l l i t e  experiment packages, s t a b l e  platforms,  

antennas, RF components, e l e c t r o n i c  subsystems, capac i to r s ,  potentiometers ,  

semiconductors, and in teg ra ted  c i r c u i t s .  

- 6 -  



So la r  C e l l  Module Performance Data Analysis  

A t o t a l  of 858 s o l a r  c e l l  modules a r e  being analyzed f o r  s u i t a b i l i t y  

o f  a p p l i c a t i o n  as t h e  ATM primary power source.  The e l e c t r i c a l  c h a r a c t e r i s t i c s  

under  s imula ted  f l i g h t  i l l u m i n a t i o n  environment w i l l  be determined. 

e E l e c t r i c a l  Components Q u a l i f i c a t i o n  T e s t i n g  

Curren t ly  performing e l e c t r i c a l  and environmental t e s t i n g  of  e l e c t r i c a l  

p a r t s  ( r e l a y s ,  connec tors ,  f u s e s ,  c i r c u i t  b reakers ,  w i r e ,  e t c . )  i n  accordance 

w i t h  q u a l i f i c a t i o n  t e s t  c r i t e r i a  e s t a b l i s h e d  f o r  t h e  Saturn-Apollo programs. 

Developed t h e  t e s t  procedures ,  conducted and monitored t e s t i n g ,  and eva lua t ed  

and publ i shed  t h e  t e s t  r e s u l t s .  

e System Simulator  F a c i l i t y  Development 

A real time d i g i t a l  computer system, f o r  s imula t ion  of  t h e  Sa turn  I B  

and Sa turn  V launch v e h i c l e s  and t h e i r  r e s p e c t i v e  ground suppor t  equipment, 

i s  under  development. A complete review has  been made of a l l  types  of  

c i r c u i t r y  and systems used i n  t h e  Sa turn  launch v e h i c l e s  and ground suppor t  

equipment. 

Computerized F i l t e r  Study 

The purpose of  t h i s  s tudy i s  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of u s i n g  

a computer f o r  de s ign ing  aerospace te lemet ry  system f i l t e r s .  The s tudy has ,  

t hus  f a r ,  r e s u l t e d  i n  a program f e a t u r i n g  a  s e r i e s  of  c h a r t s  f o r  t h e  s e l e c t i o n  

o f  a p a r t i c u l a r  f i  1 ter ,  based on designer 's  s p e c i f i c a t i o n s .  

Sa turn  V Simulator  Datum Base 

Analyzed t h e  c i r c u i t r y  of  t h e  Saturn V (SA-501) v e h i c l e  by conve r t i ng  

c i r c u i t r y  t o  a mathematical model; reduced t o  i t s  s imp le s t  form by use  of  

Boolean a lgeb ra ,  and t h e  f u r t h e r  conversion of  t h e  reduced equa t ions  t o  

machine language l o g i c  equa t ions .  Empir ical  a n a l y s i s  and s u b s t i t u t i o n  was 

r equ i r ed  f o r  t h e  s imula t ion  of ramp f u n c t i o n s  such a s  tank p r e s s u r i z a t i o n  

and f l i g h t  c o n t r o l  computer adapta t ion .  



Tape-to-Tape T r a n s l a t o r  Modi f ica t ion  

Modified t h e  GE 235lSEL 810 t ape - to - t ape  t r a n s l a t o r  by us ing  an SEL 

840A computing system t o  provide a conversion from f l o a t i n g  p o i n t  b ina ry  

d a t a  on magnetic t a p e  t o  f i x e d  p o i n t  b inary  d a t a  on punched paper  tape.  

The punched paper  t a p e  format  meets t h e  i n p u t  requirements  of  f u n c t i o n  

gene ra to r  programs f o r  t h e  PB 250 d i g i t a l  computer t h a t  i s  used t o  gene ra t e  

t i m e  vary ing  analog s i g n a l s .  

System Launch Control  Computer - Change Control  Program 

Cur ren t ly  performing reviews of  System Launch Control  Computer (SLCC) 

programs, t h e  suppor t ing  documentation, and sof tware  change informat ion  t o  

a s c e r t a i n  t h a t  no undocumented o r  undes i r ab l e  changes have been incorpora ted .  

The primary f u n c t i o n s  of t h e  SLCC are t o  v e r i f y  t h a t  key elements  of  t h e  

Sa tu rn  V system a r e  working proper ly  dur ing  t h e  launch phase and t o  provide  

t h e  t e s t  conductor  w i t h  a  cont inuous i n p u t  of i n e r t i a l  p la t form and pro- 

p e l l a n t  in format ion .  

e Diagnos t ic  Program f o r  Hybrid Computers 

A program w a s  developed t o  provide a d i a g n o s t i c  r o u t i n e  f o r  checking 

t h e  t r a n s f e r  of  d i g i t a l  in format ion  from t h e  c e n t r a l  p rocessor  t o  i n t e r f a c e  

w i t h  an analog computer. The purpose of  t h e  program was t o  provide a f l i g h t  

s imu la t i on  of  t h e  Sa turn  V v e h i c l e  t o  i n c l u d e  v e h i c l e  dynamic, f l i g h t  computer, 

and aerodynamic c h a r a c t e r i s t i c s .  

Sa tu rn  V System Real-Time Simulat ion 

Formulated t h e  b a s i c  concept f o r  a  computer, r ea l - t ime  s imu la t i on  of  

t h e  Sa turn  V system. The s imula t ion  system w a s  comprised of t h e  SDS-930 

computer, a set of  SDS-930 programs, a  datum base .  of equa t ions ,  and a 

s p e c i a l  hardware i n t e r f a c e .  



D i g i t a l  Data S torage  System 

A h igh ly  r e l i a b l e ,  low power, d i g i t a l  d a t a  s to rage  system was designed 

and f a b r i c a t e d .  It s h a l l  be used wi th  a po r t ab l e  r e f l ec tome te r  which s h a l l  

be opera ted  i n  a deep-space environment. 

Programming of Telemetry Tape Recordings 

Developed a d i g i t a l  program f o r  process ing  magnetic t ape  record ings  

of  Sa turn  V te lemet ry  da t a .  The program u t i l i z e s  process  i npu t /ou tpu t  codes 

t h a t  i d e n t i f y  words a s soc i a t ed  w i t h  f l i g h t  sequencing events ,  hardware m a l -  

f u n c t i o n s ,  and backup modes. 

e Wire L i s t  Handling Improvement Program (WHIP) 

A comprehensive s tudy was made of c u r r e n t  w i re  l i s t  and engineer ing  

change o r d e r  requirements  f o r  Saturn V e l e c t r i c a l  support  equipment. An 

a n a l y s i s  of t h e  requirements problem w a s  made and a unique ma t r ix  technique 

developed f o r  t h e  handl ing  of l a r g e  wire  lists. 

Computer Systems Evaluat ion Study 

Systems a n a l y s i s  and t r ade -o f f  s t u d i e s  were performed on e x i s t i n g  and 

proposed d i g i t a l  type  computer systems. The d i g i t a l  even t s  eva lua to r s ,  DEE-6 

and DEE-4 computer systems are used ( o r  a r e  proposed f o r  u se )  i n  t he  automatic  

checkout of launch veh ic l e s .  

Cable and D i s t r i b u t i o n  System 

A 700-cable d i s t r i b u t i o n  system i s  c u r r e n t l y  being designed t o  provide 

c o n t r o l ,  power d i s t r i b u t i o n ,  and d a t a  t ransmiss ion  in t e rconnec t ions  between a 

52-rack,  260-panel e l e c t r i c a l  support  equipment checkout system and the  ATM. 

An a n a l y s i s  has  been made of  t h e  e n t i r e  cable  and d i s t r i b u t i o n  checkout 

system t o  e s t a b l i s h  des ign  goa l s  and c r i t e r i a .  



a ATM D i s t r i b u t o r s  

Pre l iminary  s t u d i e s  of ATM power, measuring, and command s i g n a l  

d i s t r i b u t i o n  requirements e s t a b l i s h e d  t h e  need f o r  e s p e c i a l l y  designed 

d i s t r i b u t o r s .  The d i s t r i b u t o r s  rou te  commands, measurements, and e l e c t r i c a l  

power between t h e  command capsule  c o n t r o l  panel ,  t he  ATM experiment packages, 

and t h e  e l e c t r i c a l  support  equipment, both p r i o r  and subsequent t o  launch 

o f  t h e  ATM. 

Grounding Techniques Study f o r  Noise Reduction 

A d e t a i l e d  s tudy of grounding techniques was cpnducted t o  e s t a b l i s h  

methods which would be e f f e c t i v e  i n  e l imina t ing  o r  reducing v e h i c l e  n o i s e  

t h a t  i s  de t r imen ta l  t o  t he  o p e r a t i o n a l  mission of  launch v e h i c l e  te lemet ry  

systems. The s tudy w a s  performed by l o c a t i n g  t h e  major sources  of  n o i s e  

and by recommending methods f o r  i t s  suppression. 

e Noise Simulat ion Study 

A s imula t ion  s tudy w a s  performed t o  i n v e s t i g a t e  t h e  e f f e c t s  of n o i s e  

on t h e  frequency response of t h e  servo  a c t u a t o r  and t h e  s t a b i l i t y  c o n t r o l  

system of  t h e  Sa turn  I B  (AS-201) vehic le .  During t h e  p r e f l i g h t  checkout 

of  t h e  AS-201, a no i se  s i g n a l  w a s  de t ec t ed  i n  t h e  S-IVB s t a g e  t h r u s t  v e c t o r  

c o n t r o l  system. 

ATM Clock 

Designed t h e  l o g i c  and packaging of t h e  ATM c lock  t o  provide u l t r a -  

s t a b l e  t ime r e fe rences  f o r  va r ious  ATM experiements. The c lock  i s  capable  

o f  provid ing  time r e fe rences  i n  mi l l i s econds ,  seconds, minutes,  hours ,  and 

days,  w i t h  a s t a b i l i t y  of 1 x lo8  throughout t h e  temperature range of -20° 

t o  850 Cels ius .  



ATM Switch S e l e c t o r  Panel' 

Prepared Class I documentation of t he  ATM switch s e l e c t o r  panel .  

The panel  i s  r equ i r ed  f o r  ATM s e l e c t o r  switch t e s t  and check out .  

0 Automatic Checkout System For Pressure  Transducers 

An automatic  t e s t  s t a t i o n ,  t o  be used i n  conjunct ion wi th  an IBM 

1130 computer, w a s  designed f o r  t h e  purpose of au tomat ica l ly  t e s t i n g  and 

ana lyz ing  p re s su re  t ransducers .  The system s h a l l  dynamically eva lua t e  

p re s su re  t r ansduce r s  which have been designed f o r  u se  i n  space f l i g h t  

a p p l i c a t i o n s .  

Pulse  Width Analyzer 

Designed a pu l se  width ana lyzer  f o r  checking d i g i t a l  t ape  r eco rde r s  

t o  determine i f  they  meet pu l se  r e p e t i t i o n  s p e c i f i c a t i o n s .  The system 

accep t s  a programmed number of pu l se s  from t h e  t ape  recorder ,  measures 

each pu l se  width,  s t o r e s  t h e  measured d a t a ,  and provides  a  d i s p l a y  of t h e  

number of  pu l se s  of equal  width. 

Cable ( E l e c t r i c a l )  S t r e s s  Tes t  F ix tu re  

Designed and documented a  t w i s t ,  bend, impact,  torque t e s t  f i x t u r e  

f o r  u s e  i n  t e s t i n g  pro to type  e l e c t r i c a l  cab les .  A proto type  model of t h e  

f i x t u r e  was b u i l t  t o  prove the  f e a s i b i l i t y  of t h e  device.  

RF Communications Coding Techniques 

Conducted a comprehensive s tudy  of va r ious  group and c y c l i c  codes; 

each w i t h  e r r o r  d e t e c t i o n  and c o r r e c t i o n  c a p a b i l i t i e s .  Pseudo-noise,  Reed- 

Mueller ,  and Hamming-Chandhuri coding p r i n c i p l e s  were analyzed i n  d e t a i l  

and the  advantages and disadvantages of each code was l i s t e d .  



e Low-Noise P reampl i f i e r  Study 

Conducted a design s tudy ( a n a l y t i c a l  i n v e s t i g a t i o n )  of e x i s t i n g  low- 

n o i s e  p reampl i f i e r s  t o  determine t h e  type  b e s t  s u i t e d  f o r  ampl i fy ing ' s igna l s  

from a space-operated,  low- l ight  l e v e l  t e l e v i s i o n  camera tube. Although pre-  

a m p l i f i e r s  conta in ing  e l e c t r o n  tube components were i n v e s t i g a t e d ,  mission 

requirements  d i c t a t e d  t h e  d e s i r a b i l i t y  of us ing  a p reampl i f i e r  t h a t  u t i  li zes  

s o l i d  s t a t e  devices .  

Command Decoders (Sa turn  and Apollo Missions)  

Mission requirements  f o r  t h e  des ign  of  command decoders were e s t ab -  

l i s h e d  and t h e  des ign  e f f ec t ed .  The decoder u n i t s  a r e  designed t o  f u l f i l l  

t h e  requirements  of t h e  Sa turn  I B ,  Sa turn  V, and ATM So la r  Observatory missions.  

Sync Generator  

A m u l t i p l e  ou tpu t ,  h igh ly  r e l i a b l e ,  s tandard  scan sync gene ra to r  was 

designed,  developed, and i s  p r e s e n t l y  i n  t h e  f i n a l  s t a g e s  of  mechanical 

layout .  Requirements f o r  t h e  sync gene ra to r  were o u t l i n e d  i n  MSFC-SPEC- 

50M12741. 

e ATM E l e c t r i c a l  System Networks 

The e l e c t r i c a l  c i r c u i t r y  t o  i n t e rconnec t  a l l  ATM subsystems and t o  

perform switching,  c o n t r o l ,  power d i s t r i b u t i o n ,  and s i g n a l  condi t ion ing  

f u n c t i o n s  i s  c u r r e n t l y  being designed. The system c o n s i s t s  of t h r e e  power 

d i s t r i b u t o r s ,  f i v e  con t ro l  d i s t r i b u t o r s ,  t h r e e  measuring d i s t r i b u r o r s ,  a  

t r a n s f e r  assembly, a c o n t r o l s  and d i sp l ay  l o g i c  d i s t r i b u t o r ,  and approxi - 

mately 500 in t e rconnec t ing  cables .  

E l e c t r i c a l  Design of Control Panels  and System Networks 

Current ly  performing the  e l e c t r i c a l  des ign  of c o n t r o l  pane ls  and 

system networks f o r  t h e  ground support  equipmentcheckout and launch systems 

o f  t h e  ATM. A comprehensive a n a l y s i s  of t h e  f l i g h t  systems design and 



f u n c t i o n  i s  being made t o  a i d  in pre l iminary  des ign  of  t h e  pane ls ,  u n i t  

e l e c t r i c a l  schematics ,  and system networks. 

S i  l i c o n  Mic roe l ec t ron i c s  Research S tud ie s  

Advanced r e sea rch  s t u d i e s  i n  s i l i c o n  mic roe l ec t ron i c s  technology a r e  

c u r r e n t l y  being performed. Theo re t i ca l  and experimental  s t u d i e s  a r e  con t inu ing  

t o  determine p o s s i b l e  a p p l i c a t i o n s  of  complimentary b i p o l a r  i n t e g r a t e d  

c i r c u i t s  and meta l  oxide semi conduc'tor dev i ce s  such a s ,  complimentary f i e l d  

e f f e c t  t r a n s i s t o r  (FET) a r r a y s ,  and combined FET and b i p o l a r  a r r ays .  

e Minia ture  Power Supply Modules 

The min i a tu r i zed  power supply modules a r e  used i n  t h e  assembly o f  

v a r i o u s  dc- to-dc conve r t e r s  used i n  t h e  Apollo t e l eme t ry  subsystems. Cord- 

wood c o n s t r u c t i o n  i s  used t o  provide maximum e l e c t r o n i c  components d e n s i t y  

i n  t h e  minimum amount of  space. 

a Encoder/Decoder Panel Assembly 

Designed t h e  f r o n t  panel  and panel  components layout  of  t h e  ATM 

electrical suppor t  equipment 24-inch encoder/decoder pane l  assembly. 

Prepared t h e  documentation t o  f a b r i c a t e  t h e  panel .  

e Hiph Voltage,  Super High Frequency (SHF) Power Supply 

Designed a p ro to type  1600 v o l t ,  SHF power supply f o r  use  i n  supple-  

menting t e l eme t ry  s i g n a l s  du r ing  a s p e c i f i c  p o r t i o n  of  t h e  Sa turn  v e h i c l e  

f l i g h t  t r a j e c t o r y .  Fab r i ca t i on  of t h e  power supply was e f f e c t e d  u t i l i z i n g  

p re l imina ry  drawings. 



Ground Support E l e c t r i c a l  Power System 

A power system i s  c u r r e n t l y  being designed t o  f u r n i s h  power t o  t h e  ATM 

s o l a r  bus and/or  load bus and t o  t h e  e l e c t r i c a l  suppor t  equipment when per -  

forming ground eheckout of  t h e  ATM. The des ign  e f f o r t  i n c l u d e s  an o v e r a l l  

system a n a l y s i s  t o  e s t a b l i s h  des ign  cri teria,  an eva lua t ion  of  e x i s t i n g  systems 

t o  determine t h e i r  a d a p t a b i l i t y  t o  t h e  ATM requirements ,  and a  comprehensive 

s tudy of  each subsystem t o  provide d e t a i l s  needed f o r  p r epa ra t i on  of t h e  pre-  

l iminary  des ign  drawings. 

o AC/DC Power Supply 

A ac /dc  e l e c t r o n i c  power supply was designed and f a b r i c a t e d  t o  f u r n i s h  

dc  power t o  t h e  ATM pla t form modules and ac power t o  t h e  ATM gyro sp in  motor. 

The dc  p o r t i o n  of  t h e  power supply i s  equipped w i t h  a  s tep-up  swi tch ing  pre-  

r e g u l a t o r ,  a dc- to-dc  conve r t e r  and a pu l se  r e g u l a t o r .  

Te l ev i s ion  Tes t  Transmi t te r  

An FM t e l e v i s i o n  t e s t  t r a n s m i t t e r  was developed t o  s imula te  t h e  

t e l e v i s i o n  s i g n a l  rece ived  from t h e  Sa turn  I B  (SA-203) v e h i c l e  du r ing  f l i g h t .  

.The test  t r a n s m i t t e r  i s  used t o  check ou t  r ece iv ing  ground s t a t i o n s  f o r  t h e  

SA-203 mission.  

Cont ro l  Dynamics Analysis  

An a n a l y s i s  was performed t o  s tudy t h e  e f f e c t s  of non l inea r  d i s t u r b a n c e s  

on t h e  frequency response of  t h e  hyd rau l i c  s e rvo -ac tua to r  of  t h e  Sa turn  S-IVB 

s t age .  The comparison of  t h e  responses ,  a c t u a l  and s imula ted ,  revea led  t h a t  

t h e  s imu la t i on  was accu ra t e .  



H e l i c a l  Antenna f o r  Te lev is ion  Tes t  Transmi t te r  

A h e l i c a l  antenna wi th  r ight-hand c i r c u l a r  p o l a r i z a t i o n  and s i x  d e c i b e l  

ga in  w a s  developed f o r  use  on t h e  Saturn I B ,  SA-203 t e l e v i s i o n  t e s t  t r a n s -  

m i t t e r .  The t e s t  t r a n s m i t t e r  i s  used t o  check out  r ec i ev ing  ground s t a t i o n s  

f o r  t h e  SA-203 mission. 

C-Band Radar Antennas 

C-band t r ansmi t - r ece ive  r ada r  antennas,  f o r  u se  on t h e  Sa turn  I B  and 

Sa turn  V Instrument  Un i t s ,  were redesigned and modified t o  meet s p e c i f i c  f r e -  

quency and p o l a r i z a t i o n  requirements.  The cavi ty-backed,  c r o s s e d - s l o t  a p e r t u r e  

antennas a r e  opera ted  a t  a frequency range of from 5690 MHz t o  5765 MHz, w i t h  

a VSWR of l e s s  than  1.5:l. 

T u r n s t i l e  Dipole Antennas 

Two orthogonal  VHF d i p o l e  antennas,  f e d  90 degrees ou t  of phase f o r  

r ight-hand c i r c u l a r  p o l a r i z a t i o n ,  were designed t o  feed  a n ine t een - foo t  

p a r a b o l i c  d i s h  antenna. Drawings were prepared and the antennas were 

f a b r i c a t e d  and t e s t e d .  

e Command Receiving Antenna 

Modified t h e  o r i g i n a l  des ign  of t he  command r ece iv ing  antenna f o r  u se  

on t h e  Instrument  Unit  o f  t h e  Saturn I B ,  SA-200 veh ic l e .  The antenna c o n s i s t s  

of two orthogonal  square loops mounted on a base p l a t e ,  w i th  t h e  open c i r c u i t e d  

p o r t i o n  of t he  loop f ac ing  away from t h e  ground plane. 

ATM Command and Telemetry Antennas 

Or ig ina ted  the  design concept and f a b r i c a t e d  s c a l e  models and p ro to types  

of ATM antennas. The antennas a r e  mounted on the  s o l a r  wings, 



a Antenna Couplers and Sh ie lds  

Five antenna couplers  f o r  t r ansmi t  antennas and two antenna s h i e l d s  f o r  

r ece iv ing  antennas,  t o  be used t o  prevent  RF i n t e r f e r e n c e  dur ing  v e h i c l e  

checkout,  were designed,  f a b r i c a t e d ,  and t e s t ed .  The labora tory  pro to types  were 

developed t o  confirm t h e  i n i t i a l  design confirm the  i n i t i a l  design concepts.  

S-Band H e l i c a l  Array Antenna 

Designed a S-band h e l i c a l  a r r ay .  The a r r ay  c o n s i s t s  of  a s i n g l e  h e l i x ,  

wi th  a ga in  of  8 db, mounted upon a common base p l a t e ,  ad jacent  t o  an a r r a y  

of f o u r  h e l i c e s .  

e Alt imeter  Antenna 

A h igh  power, t r ansmi t - r ece ive  a l t i m e t e r  r a d a r  antenna w a s  designed 

t o  ope ra t e  w i t h  a peak power output  r a t i n g  of 10 k i lowa t t s .  The antenna i s  

configured f o r  an ope ra t ing  bandwidth of 45 MHz, centered  a t  1610 MHz, and a 

fan-shaped beam w i t h  a ga in  of 1 8  db. 

Antenna System Transmission Line Components 

Antenna system t ransmiss ion  l i n e  components were designed,  t e s t e d  and 

assembled ( o r  t e s t e d  and eva lua ted)  f o r  u se  i n  t h e  Saturn I B  and Sa turn  V 

ins t rument  u n i t s  and the  ATM. S-band hybr id  r i n g s ,  s t r i p l i n e  d i r e c t i o n a l  

coup le r s ,  s t r i p l i n e  power supp l i e s ,  and VSWR measuring assemblies  a r e  

c u r r e n t l y  being designed,  f a b r i c a t e d  and t e s t e d .  

In f  l a t a b l e  Transmission Line 

An i n f l a t a b l e  t ransmiss ion  l i n e  w a s  designed f o r  i n s t a l l a t i o n  on t h e  

Ryan deployable boom. The t ransmiss ion  l i n e  t h a t  w a s  developed has  t h e  

c h a r a c t e r i s t i c  of low RE l o s s  w i th  an a t t e n u a t i o n  of 0.06 db per  meter.  



8 Antenna P a t t e r n  Measurements 

Analyzed t h r e e  methods of measuring antenna p a t t e r n s  i n  r e l a t i o n  t o  

t he  antenna a t t i t u d e  i n  a 200 n a u t i c a l  mile  o r b i t .  The study was made t o  

eva lua t e  a c o n t r a c t o r ' s  proposal  t o  NASA f o r  measuring the  c h a r a c t e r i s t i c s  

of  a l a r g e  space e r e c t a b l e  pa rabo l i c  antenna. 

Antennas D i r e c t i v i t y  Measurement Technique Study 

A s tudy  was i n i t i a t e d  t o  mathematically exp la in  a method f o r  t h e  

s imultaneous i n t e g r a t i o n  of g r e a t  c i r c l e  antenna p a t t e r n s  whi le  they a r e  

being measured. A new i n t e g r a t i o n  equat ion  was der ived  f o r  t h e  purpose of  

i n t e g r a t i n g  g r e a t  c i r c l e  p a t t e r n s .  

Antenna P a t t e r n s  Duplicat ion 

Constructed and t e s t e d  s c a l e  model antennas t o  v e r i f y  p a t t e r n  

d u p l i c a t i o n  of t h e  f u l l  s i z e  antenna. These antenna p a t t e r n s  a r e  used 

f o r  antenna coverage s t u d i e s  and s i g n a l  s t r e n g t h  p red ic t ions .  

S-Band Telemetry Power Amplifier 

An S-band power ampl i f i e r ,  capable of d e l i v e r i n g  20 watts of  RF 

power i n  a space environment, w a s  developed f o r  use  on the  Saturn I B ,  

SA-203 veh ic l e .  The a m p l i f i e r  t r ansmi t s  the  t e l e v i s i o n  s i g n a l  used f o r  

t h e  i n v e s t i g a t i o n  of t he  behavior  of cryogenic f l u i d s  under zero g r a v i t y  

cond i t i ons  . 
Time-Division Mul t ip lexer  

A t ime-div is ion  mul t ip l exe r  was designed t o  accept  up t o  270 

d a t a  i n p u t s  of  0 t o  5 v o l t s  i n  amplitude, and t o  provide two p a r a l l e l  

ou tput  wave t r a i n s ,  The mul t ip l exe r  has  30 primary channels  wi th  a  sampling 

r a t e  of 120 samples pe r  second. 



Pu l se  Code Modulated D i g i t a l  Data Acquis i t ion  Subsystem 

Designed t h e  o s c i l l a t o r ,  analog swi tches ,  power supply,  and l o g i c  

o f  a p u l s e  code modulated (PCM) d i g i t a l  d a t a  a c q u i s i t i o n  subsystem (DDAS) 

t o  provide  a s t a t e - o f - t h e - a r t  p ro to type  te lemet ry  package. The PCM/DDAS 

i s  an i n t e g r a t e d  system capable  of sampling the  ou tpu t s  from s i x  analog 

m u l t i p l e x e r s ,  conve r t i ng  t h e  i n p u t s  t o  t e n - b i t  code groups, e s t a b l i s h i n g  

and supply ing  a word format  con ta in ing  a l l  d a t a  from t h e  m u l t i p l i e r s .  

Frequency T r a n s l a t o r  

A f requency t r a n s l a t o r ,  f o r  use  i n  any cons t an t  bandwidth te lemet ry  

system, was designed,  f a b r i c a t e d ,  and t e s t e d .  The t r a n s l a t o r  i s  b a s i c a l l y  

comprised of  a  modulator and a  p r e c i s i o n  cons t an t  phase bandpass f i l t e r ,  

hav ing  a bandwidth equa l  t o  t h e  t r a n s l a t e d  spectrum. 

0 Analog Telemetry C a l i b r a t o r  

Designed a mic roe l ec t ron i c  analog c a l i b r a t o r  t o  produce accu ra t e  

v o l t a g e  l e v e l s  f o r  c a l i b r a t i o n  of  FM/FM t e l eme te r s .  Voltage l e v e l s  of 0 ,  

1.25, 2.50, 3.75, and 5.00 Vdc a r e  produced from an e x t e r n a l  p r e c i s i o n  

power supply. 

270 Channel Mul t ip lexer  

The 270 m u l t i p l e x e r  was designed t o  accrue d a t a  and channel t h e  d a t a  

v i a  270 l i n e s  t o  t h e  d a t a  a c q u i s i t i o n  system. The mu l t i p l exe r  u t i l i z e s  t h e  

latest  c i r c u i t  con f igu ra t i ons ,  i nc lud ing  i n t e g r a t e d  c i r c u i t s .  

CATEGORY 4 - ENERGY CONVERSION, NON-PROPULSIVE 

0 Charger -ba t te ry  Regulator  Module Documentation 

Th i s  e f f o r t  i nvo lves  p repa ra t i on  of  t h e  s p e c i f i c a t i o n ,  and t h e  acceptance 

p re l imina ry  and q u a l i f i c a t i o n  t e s t  procedures  f o r  t h e  Apollo Telescope Mount (ATM) 



cha rge r -ba t t e ry  r e g u l a t o r  module. A review of t he  ATM power requirements 

and pro to type  c i r c u i t r y  provided d e t a i l  requirements f o r  t he  th ree  documents. 

Charger -ba t te ry  Regulator  Module - Prototype Test  Model 

An engineer ing  a n a l y s i s  was performed t o  e s t a b l i s h  design requirements  

f o r  t h e  thermal mechanical and v i b r a t i o n  prototype of t h e  ATM cha rge r -ba t t e ry  

r e g u l a t o r  module. The packaging design requi red  compliance wi th  MSFC Document 

50M02408, Environmental Design and Q u a l i f i c a t i o n  Tes t  C r i t e r i a  f o r  ATM 

Components. 

a Fuel C e l l  Tes t  Console Modif icat ion 

Analyzed problem a r e a s  i n  f u e l  c e l l  t e s t i n g  and checkout,  and designed 

t h e  requi red  modi f ica t ions  t o  t he  f u e l  c e l l  t e s t  console  f o r  more e f f i c i e n t  

f u e l  c e l l  ope ra t ion  and checkout. Performed checkout of a f u e l  c e l l  u t i l i z i n g  

the  t e s t  console ,  and amended app l i cab le  t e s t  procedures f o r  more e f f i c i e n t  

t e s t i n g  and checkout of  both s i n g l e  and p a r a l l e l  c e l l  opera t ion .  

a Trac t ion  Drive Systems 

Trac t ion  d r i v e  systems, f o r  a i n v e r t e r  and a c  induct ion  motor, a 

e l e c t r o n i c a l l y  c o n t r o l l e d  dc motor, and a dc to rque r  motor were designed,  

f a b r i c a t e d  and t e s t e d  t o  determine which of t h e  systems provided optimum 

c h a r a c t e r i s t i c s .  Reviewed and analyzed MSFC s p e c i f i c a t i o n s  and g u i d e l i n e s  

e s t a b l i s h e d  f o r  t h e  design of t r a c t i o n  d r i v e  systems. 

Packaging Design f o r  t he  Charger/Battery/Regulator Module (CBRM) 

Performed the  packaging des ign  and documentation of t he  ATM CBRM, 

which inc luded  engineer ing  des ign ,  d r a f t i n g ,  and checking. The packaging 

des ign  r equ i r ed  compliance wi th  the  Environmental Design and Q u a l i f i c a t i o n  

Tes t  C r i t e r i a  f o r  ATM Components s p e c i f i c a t i o n .  



CATEGORY 5 - MATHEMATICAL SCIENCES 

Re l i ab i  li t y  Apportionment Techniques 

A comparative s tudy of  e x i s t i n g  r e l i a b i l i t y  techniques was performed 

t o  d e r i v e  a t h e o r e t i c a l l y  v a l i d ,  and e f f i c i e n t  technique f o r  optimum a l l o c a t i o n  

of r e l i a b i l i t y  g o a l s  f o r  a s t r i o n i c  systems and ground suppor t  equipment. 

Various r e l i a b i l i t y  apportionment techniques  were analyzed and t h e  r e s u l t s  

documented. 

a M u l t i p l e  C o r r e l a t i o n  i n  C i r c u i t  Design Analysis  

Performed a s tudy  of m u l t i p l e  c o r r e l a t i o n  a p p l i c a t i o n s  i n  c i r c u i t  

de s ign  a n a l y s i s  f o r  use  i n  a seminar p re sen t a t i on .  The s tudy cons idered  

m u l t i v a r i a t e  d i s t r i b u t i o n ,  t h e  es t imated  c o e f f i c i e n t  of c o r r e l a t i o n ,  and 

t h e  assumption of  normal d i s t r i b u t i o n .  

Analysis  and C r i t i c a l i t y  Determinat ion of  Components 

Procedures ,  g u i d e l i n e s ,  and example ana lyses  were prepared,  u t i l i z i n g  

t h e  f a i l u r e  mode, e f f e c t s ,  and c r i t i c a l i t y  a n a l y s i s  technique (FMEA) developed 

by Sa tu rn  s t a g e  and equipment c o n t r a c t o r s .  The FMEA technique w a s  used t o  

a s s u r e  t h a t  t h e  a n a l y s i s  and c r i t i c a l i t y  de te rmina t ion  of  components was 

adequate  f o r  i n c l u s i o n  i n  t h e  Level I1 math modeling program, R e l i a b i l i t y  

Analys i s  Model Summary. 

a Saturn  Con t r ac to r s  R e l i a b i l i t y  Methods Study 

Sa turn  prime c o n t r a c t o r s  r e l i a b i l i t y  methods ( equa t ions  and techniques)  

were reviewed t o  v e r i f y  them f o r  t e c h n i c a l  accuracy. The mathematical models 

and r e l i a b i l i t y  problems, fu rn i shed  by t h e  c o n t r a c t o r s ,  were sub jec t ed  t o  a 

mathematical  v e r i f i c a t i o n .  



Methods f o r  Determining U n r e l i a b i l i t y  of E l e c t r i c a l  Components 

A s tudy w a s  performed t o  determine the  e f f e c t s  of the  environmental 

adjustment  f a c t o r  on the  predic ted  u n r e l i a b i l i t y  of e l e c t r i c a l  components. 

P a r t  f a i l u r e  informat ion  w a s  compiled on r e l a y s ,  r e s i s t o r s ,  t r a n s i s t o r s ,  

d iodes ,  and c a p a c i t o r s  f o r  both the  open and s h o r t  c i r c u i t  f a i l u r e  modes. 

CATEGORY 6 - METHODS AND EQUIPMENT 

a Test  Control  System f o r  Radioisotope Thermoelectr ic  Generator  

Designed t h e  c o n t r o l  system necessary t o  ope ra t e  t he  Radioisotope 

Thermoelectr ic  Generator  (SNAP-19) dur ing  t h e  l i f e  t e s t i n g  a c t i v i t y .  The 

requirements  f o r  t h e  system were determined and components were screened i n  

accordance wi th  t h e  ope ra t iona l  requirements f o r  t h e  l i f e  t e s t  (Tes t  Durat ion:  

13 months, Environment: thermal-vacuum). 

e Fuel C e l l  Hois t  

Prepared t h e  des ign  f o r  a  f u e l  c e l l  h o i s t .  The h o i s t  i s  t o  be used 

when r e l o c a t i n g  o r  moving the  f u e l  c e l l s  dur ing  t e s t i n g  and checkout a c t i v i t i e s .  

Op t i ca l  Experiments Chamber 

performed t h e  pre l iminary  cryogenic c a l c u l a t i o n s ,  chamber con f igu ra t ion ,  

and environmental mechanism c o n t r o l s  design of an Op t i ca l  Experiments Chamber 

t o  be used t o  t e s t  t he  t e l e scope  of t h e  Apollo Telescope Mount (ATM) and o t h e r  

o p t i c a l  components. The chamber i s  a  t h ree - sec t ion  vacuum chamber wi th  each 

s e c t i o n  5 f e e t  i n  d iameter  by 10 f e e t  long. 

Redundant Po in t ing  Control System 

Performed a study t o  determine the  optimum design f o r  a  redundant 

po in t ing  c o n t r o l  system. The purpose of t h i s  study was t o  a i d  des igne r s  

and management i n  determining t h e  optimum des ign  approach t o  use  f o r  t h e  

ATM po in t ing  c o n t r o l  system. 
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a Sing le  F a i l u r e  Poin t  L i s t  

A s i n g l e  f a i l u r e  po in t  l i s t  f o r  t he  Saturn IB and Sa turn  V programs 

w a s  prepared f o r  component l e v e l  i t ems  i n  accordance w i th  Saturn V Program 

D i r e c t i v e  #26. Schematics were researched  t o  l o c a t e  a l l  s i n g l e  f a i l u r e  

p o i n t s  on a  GO o r  NO-GO b a s i s  f o r  de te rmina t ion ,  depending on t h e  f a i l u r e  

e f f e c t  o f  a p a r t i c u l a r  component on o v e r a l l  system opera t ion .  

e R e l i a b i l i t y  Apportionment 

E l e c t r i c a l  suppor t  equipment (ESE) f o r  t h e  Sa turn  V v e h i c l e  was analyzed 

and a r e l i a b i l i t y  apportionment of t h e  ESE b lack  boxes and a s t r i o n i c s  systems 

was prepared.  The apportionment w a s  made i n  accordance w i th  r e l i a b i  li  t y  

p r e d i c t i o n s  u s ing  t h e  technique of  a l l o c a t i o n s  i n  terms of c r i t i c a l i t y  ranking  

i n  Sperry Rand Corporat ion,  r e p o r t  SSD-K-2-66-2, R e l i a b i l i t y  Apportionment 

Techniques and Appl ica t ions .  

R e l i a b i l i t y  P r e d i c t i o n  

Engineer ing manpower was provided t o  analyze e l e c t r o n i c  equipment 

and p repa re  a  r e l i a b i l i t y  p r e d i c t i o n  based on gene r i c  f a i l u r e  r a t e s  of  

e l e c t r o n i c  components ope ra t i ng  under  v a r i o u s  environmental s t r e s s e s .  

The a n a l y s i s  w a s  based on MSFC Drawing No. 10M30111A, F a i l u r e  Rates  from 

Components Fat lure  Phys ics  Analysis ,  and t h e  knowledge of e l e c t r o n i c  

c i  r c u i  t s . 
F a i l u r e  Mode and E f f e c t  Analysis  

A study of t h e  p o t e n t i a l  f a i l u r e s  t h a t  might occur  i n  any p a r t  of 

t h e  ATM systems w a s  made t o  determine t h e  s e v e r i t y  o f  t h e  e f f e c t  of each 

f a i l u r e  i n  terms o f  s a f e t y  hazard,  degrada t ion  of performance,or l o s s  of 

mission.  



The t a s k  was accomplished through t h e  s tudy of p o t e n t i a l  f a i l u r e s  and t h e i r  

e f f e c t  on a l l  o t h e r  p a r t s  of  t he  system, and de termina t ion  of probable l o c a t i o n s  

and mechanisms where f a i l u r e s  w i l l  occur .  

o F a i l u r e  E f f e c t  Analyses 

F a i l u r e  e f f e c t  ana lyses ,  prepared by seve ra l  c o n t r a c t o r s ,  were reviewed 

f o r  t e c h n i c a l  accuracy, conten t ,  and compliance wi th  MSFC procedures  and guide-  

l i n e s .  These ana lyses  contained r e l i a b i l i t y  de te rmina t ions  a t  system, sub- 

system, and component l eve l s .  

e R e l i a b i l i t y  Analyses 

Guide l ines  were prepared f o r  making r e l i a b i l i t y  ana lyses  on e l e c t r i c a l  

c a b l e  assemblies  used i n  t h e  Saturn veh ic l e s .  Methods were researched,  a p lan  

was e s t a b l i s h e d  f o r  t h e  gu ide l ines ,  and t h e  r e s u l t s  were documented. 

F a i l u r e  Rate Der iva t ions  Study 

P e r f o m d  a study t o  determine a  s t a t i s t i c a l l y  v a l i d  procedure f o r  

d e r i v i n g  f a i l u r e  r a t e s  from a l l  p e r t i n e n t  components t e s t  da t a .  The s tudy  

u t i l i z e d  s e v e r a l  d i f f e r e n t  approaches, e.g. Bayesian, C l a s s i c a l ,  F i n i t e  

Markof f  Chain, and Non-Parametri c  s t a t i s t i c s .  

Power D i s t r i b u t i o n  Systems R e l i a b i l i t y  Analysis 

An a n a l y s i s  w a s  performed on t h r e e  sepa ra t e  power d i s t r i b u t i o n  systems 

(Sa tu rn  Program) t o  determine which of  t h e  t h r e e  des igns  had the  h i g h e s t  

p r e d i c t e d  r e l i a b i l i t y .  The systems were analyzed by u t i l i z i n g  component l e v e l  

de te rmina t ions .  

r Redundant Conf igura t ions  Comparison Study 

R e l i a b i l i t y  comparisons of redundant con f igu ra t ions  (Sa turn  systems) 

were conducted t o  determine which conf jg ra t ions  possessed h ighes t  r e l i a b i l i t y  



c h a r a c t e r i s t i c s  a s  a  func t ion  of ope ra t ing  time. Equations were prepared 

f o r  each redundant con f igu ra t ion  and the  c a l c u l a t e d  r e l i a b i l i t y  l e v e l  f o r  

each was performed us ing  va r ious  ope ra t iona l  time l i m i t s .  

e R e l i a b i l i t y  Comparison 

A r e l i a b i l i t y  comparison was made between the  T  and TS s e r i e s  modules 

used i n  t h e  Sa turn  I B  and V D i g i t a l  Data Acquis i t ion  System (DDAS) e l e c t r i c a l  

suppor t  equipment (ESE). The comparison was made between p lug- in  t r a n s i s t o r i z e d  

c i r c u i t  modules and modules u s ing  s tandard  p a r t s .  

CATEGORY 7 - ROCKET AND MISSILE TECHNOLOGY 

Low-Level S igna l  Simulator  

A low-level  s i g n a l  s imu la to r  w a s  designed,  assembled and packaged t o  

provide dc  s i g n a l s  f o r  t e s t i n g  t h e  Sa turn  te lemet ry  analog submult iplexer  

subsystem. P r e c i s e  ou tpu t s  a r e  obta ined  w i t h i n  the  2.5 t o  100 m i l l i v o l t  range. 

Apollo Telescope Mount (ATM) Control System 

Designed t h e  ATM c o n t r o l  system t o  provide adequate s t a b i l i t y  a g a i n s t  

ex t raneous  motions produced by t h e  crew ope ra t ing  i n  t h e  O r b i t a l  workshop. 

Developed an analog s imula t ion  of t h e  con t ro l  system t o  inc lude  c o n t r o l  moment 

gyro, r a t e  gyro, and sun-sensor  c h a r a c t e r i s t i c s  t o  e s t a b l i s h  des ign  parameters.  

Design of  a n  Optimal Control  System f o r  Sa turn  I B  AS-208 Vehicle 

~ e s i ~ n e d  an opt imal  c o n t r o l  system t o  compensate f o r  d e f l e c t i o n  caused 

by wind d i s tu rbance  occurr ing  dur ing  v e h i c l e  f l i g h t .  Performed a n a l y s i s  and 

d i g i t a l  s imula t ion  s tudy t o  determine which c o n t r o l  ga ins  would r e s u l t  i n  

minimum engine d e f l e c t i o n  and t o  determine al lowable t r ade -o f f  between engine 

d e f l e c t i o n  and s t a b i l i t y  margins. 



Trac t ion  Drive System (Lunar Vehicle) Motor Con t ro l l e r  

An e l e c t r o n i c  con t ro l  f o r  a  v a r i a b l e  speed, v a r i a b l e  torque ,  a c  

i nduc t ion  motor w a s  developed f o r  use  on t h e  lunar  v e h i c l e  t r a c t i o n  d r i v e  

system. The c o n t r o l l e r  provides parametr ic  v a r i a t i o n s  i n  load torque ,  motor 

speed, and app l i ed  vo l t age  wi th  a negat ive  feedback s i g n a l  t h a t  i s  p ropor t iona l  

t o  s h a f t  speed. 

Experiment Po in t ing  Control System 

Derived a two-body math model f o r  t he  veh ic l e  and experiment package 

equa t ions  u t i l i z i n g  both Lagrange and Euler  techniques.  Hybrid s imula t ion  

o f  t h e  model i s  used t o  i n v e s t i g a t e  t h e  e f f e c t s  of component n o n l i n e a r i t i e s ,  

p a r a l l e l  motor a c t i o n ,  and sensor  a c t i o n  upon t h e  c o n t r o l  system. 

Ba t t e ry  Case Assembly Documentation 

Prepared Class I documentation of  a b a t t e r y  case  assembly from f i e l d  

and vendor drawings. The drawing w a s  d e t a i l e d  and eva lua ted  by p o s s i b l e  

s u p p l i e r s .  

Range Sa fe ty  System C o n t r o l l e r  

The des ign  of  t h e  range s a f e t y  system c o n t r o l l e r  was modified t o  pro- 

v i d e  f o r  new packaging techniques of p r i n t e d - c i r c u i t  boards,  r a d i o  frequency 

i n t e r f e r e n c e  ( ~ $ 1 )  f i l t e r  c i r u c i  ts, and r e l o c a t i o n  of connectors.  The range 

s a f e t y  system c o n t r o l l e r  i s  a r e l a y  l o g i c  device  loca t ed  i n  t he  Saturn v e h i c l e  

t o  form a p a r t  of t h e  d e s t r u c t  opera t ion .  

e Saturn  Breadboard Maintenance Documentation 

Provided documentation maintenance of the  Saturn v e h i c l e  Instrument  

Unit  f o r  t h e  SA-504 breadboard f a c i l i t y .  Performed a n a l y s i s  of t he  f l i g h t  

v e h i c l e  Engineering Orders (EO's) t o  determine the  a p p l i c a b i l i t y  of t h e  

breadboard f a c i l i t y  t o  main ta in  a system c o n s i s t e n t  w i th  the  f l i g h t  veh ic l e .  



Logic Card T e s t e r  

A l o g i c  ca rd  t e s t e r  was designed and developed t o  t roubleshoot  t h e  

l o g i c  c a r d s  used i n  t h e  Sa turn  te lemet ry  system. The t e s t e r  s imula tes  t h e  

loads  and s i g n a l s  t h a t  a r e  suppl ied  t o  va r ious  l o g i c  ca rds  by t h e i r  r e s p e c t i v e  

systems. 

Tes t  Program Design-Oriented C r i t e r i a  Booklets 

Performed engineer ing  a n a l y s i s  of equipment, types  of t e s t s  performed, 

and t h e  time r equ i r ed  f o r  t e s t i n g ,  dur ing  checkout and launch of Saturn v e h i c l e .  

Designed a bookle t  f o r  opt imizing the  te lemeter  checkout t e s t ,  and f o r  

i l l u s t r a t i n g  t h e  o v e r a l l  system t e s t  a reas .  

e Saturn  V Vehicle  Systems Logic Diagrams 

Generated Saturn V v e h c i l e  systems l o g i c  diagrams f o r  use i n  mission 

program a n a l y s i s  and v e r i f i c a t i o n .  Performed an engineer ing  a n a l y s i s  of t h e  

Sa turn  V and a s soc i a t ed  e l e c t r i c a l  support  equipment systems c i r c u i t r y ,  and 

engineer ing  ske t ches  t o  e f f e c t  l o g i c  v e r i f i c a t i o n .  

CATEGORY 8 - NAVIGATION, COMMUNICATIONS, AND DETECTION 

e B i t  Sync I n d i c a t o r  

~ e s i ~ n e d  l o g i c  and packaging of a  b i t  sync i n d i c a t o r  f o r  d e t e c t i n g  

e r r o r s  i n  t h e  nonre turn- to-zero  d a t a  output  of Pulse-code-modulation (PCM) 

t e l eme t ry  systems. The b i t  sync i n d i c a t o r  au tomat ica l ly  locks on t h e  master  

frame o r  frame sync code group. 

e Overmodulation Detec tor  

Designed t h e  c i r c u i t r y  and housing of an overmodulation d e t e c t o r .  

The d e t e c t o r  accu ra t e ly  measures t h e  percentage of time t h a t  t he  modulation 



exceeds a p r e s e t  l e v e l  i n  t h e  ranges of 0  percent ,  0.1 percent ,  and 1.0 

percent  and over  a frequency range of dc t o  250 kHz. 

r Control  C i r c u i t r y  f o r  Data Acquis i t ion  System 

Designed t h e  a m p l i f i e r  and switch assembly t o  be used on t h e  ATM 

t o  amplify and s e l e c t  t h e  proper  output  of redundant PCM d i g i t a l  d a t a  

a c q u i s i t i o n  subsystems. Switching between the  two PCM subsystems i s  

accomplished by commands t o  i n t e r n a l  con t ro l  c i r c u i t r y .  

Advanced Op t i ca l  Communications Systems Research and Development 

Research i n  t h i s  a r e a  invo lves  s t a t e - o f - t h e - a r t  t h e o r e t i c a l  and 

experimental  s t u d i e s  of  v i s i b l e  and i n f r a r e d  l a s e r  systems, w i th  an a i m  

t o  t h e  eventua l  development of a deep-space l a s e r  communications l i n k .  

Included i n  t h i s  program a r e  p r o j e c t s  t h a t  involve  l abo ra to ry  photomixing 

experiments ,  beam s t e e r i n g  and alignment technique s t u d i e s ,  t h e  des ign  

and t e s t i n g  of s i g n a l  processing and information r e t r i e v a l  e l e c t r o n i c s ,  

l a s e r  s t a b i l i t y  and c o n t r o l  s t u d i e s ,  and the  development of t r a n s m i t t i n g  

o p t i c a l  systems. 

Low- Li gh t  Leve 1 Te l e v i  s i  on Camera 

Performed a requirements  a n a l y s i s  f o r  t h e  des ign  of a low- l ight  l e v e l  

t e l e v i s i o n  camera system. The u l t r a s e n s i t i v e  requirements  of t h e  camera 

d i c t a t e d  t h e  des ign  and manufacture of  a  s p e c i a l  camera tube. 

High-Resolution Telev is ion  Monitor 

A h igh - re so lu t ion ,  seven-inch t e l e v i s i o n  monitor,  f o r  use i n  t h e  ATM 

miss ion ,  i s  c u r r e n t l y  being designed and developed. The monitors  (two) s h a l l  

be used by a s t r o n a u t s  t o  view the  ou tpu t s  of s i x  TV cameras, which a r e  monitor- 

i n g  t h e  sun t e l e scope  outputs .  



Te lev i s ion  System Video Programmer 

Performed t h e  packaging des ign  (e lec t ron ic -mechanica l )  of  a p ro to type  

v ideo  programmer. The programmer module, though no t  de s t i ned  f o r  immediate 

a p p l i c a t i o n ,  i s  being developed f o r  t h e  purpose of i nco rpo ra t i ng  i n t o  one 

module t h e  f u n c t i o n s  t h a t  a r e  c u r r e n t l y  being performed by a number of  

s e p a r a t e  modules. 

a Vidicon Te lev i s ion  Camera 

A s tandard-  scan,  h igh - r e so lu t ion  (700 l i n e s )  Vidicon Telev i  s i o n  

Camera system i s  c u r r e n t l y  being developed f o r  t h e  ATM mission.  The 

camera system c i r c u i t s  were designed t o  t h e  requirements  e s t a b l i s h e d  i n  

MSFC-SPEC-50M12740. 

0 I n e r t i a l  P la t form Control  E l e c t r o n i c s  (Closed Loop System) 

E l e c t r o n i c  c i r c u i t r y  was designed f o r  t h e  c losed- loop  ope ra t i on  and 

c o n t r o l  o f  a r a t e  gyroscope, and f o r  cond i t i on ing  of t h e  ou tpu t  s i g n a l  of  

a c o n t r o l  accelerometer .  The gyro loop e l e c t r o n i c s  inc luded  a dc swi tch ing  

p r e r e g u a l t o r ,  a f requency-cont ro l led  power i n v e r t e r  f o r  t h e  gyro wheel and 

dc r e g u l a t o r s ,  a c r y s t a l  o s c i l l a t o r ,  torque a m p l i f i e r  f o r  t h e  gyro,  and a 

c l s o e l y  c o n t r o l l e d  temperature  r e g u l a t o r  f o r  t h e  gyro assembly. 

a ~ l a t f o ' r m  E r r o r  Analysis  Capab i l i t y  

A platforni  e r r o r  a n a l y s i s  c a p a b i l i t y  f o r  t h e  Sa turn  I B  and V v e h i c l e s  

w a s  developed. D i g i t a l  s imu la t i ons  were developed t o  i n t roduce  p la t form e r r o r  

source  i n t o  t h e  guidance system of  t h e  veh ic l e .  

a Sun Sensor and S t a r  Tracker  Computer Simulator  

A computer s imu la to r  i s  c u r r e n t l y  being developed f o r  ground checkout 

o f  t h e  sun senso r  and star t r acke r .  The s imu la to r  performs a f u n c t i o n  s i m i l a r  



t o  t h a t  of t h e  on-board d i g i t a l  computer dur ing  f l i g h t :  i t  gene ra t e s  an 

i n t e r r o g a t e  pulse ,  t oge the r  wi th  c lock  pu l se s ,  t h a t  a r e  used i n  t he  i n t e r n a l  

e l e c t r o n i c s  of t h e  f i n e  sun sensor  and star t r a c k e r  f o r  t iming purposes,  

g a t i n g ,  and s h i f t i n g  of t h e  d a t a ;  and a l s o  accepts  s e r i a l  b inary  d a t a  of 

t h e  d i r e c t i o n  and magnitude of t he  r e s o l v e r  o r t a t i o n  and the  r e s o l v e r  zero,  

and p r e s e n t s  them t o  t h e  d i s p l a y  panel .  

I t e r a t i v e  Guidance Scheme S e n s i t i v i t y  Study 

Developed t h e  equat ions  and d i g i t a l  program f o r  computing the  i t e r a t i v e  

guidance scheme from launch t o  i n j e c t i o n  i n t o  an e a r t h  parking o r b i t  f o r  Saturn 

V veh ic l e s .  The guidance scheme inc ludes  t h e  computing of p a r t i a l  d e r i v a t i v e s  

of  20 parameters  w i t h  r e s p e c t  t o  14 v a r i a b l e s .  

e Thrus t  Vector Control  System Study 

A c o n t r o l  dynamics s tudy was conducted t o  determine t h e  response of 

t h e  t h r u s t  v e c t o r  c o n t r o l  system t o  low t h r u s t  l e v e l s  encountered dur ing  

p a s s i v a t i o n  ( d e a c t i v a t i o n )  of t he  Sa turn  S-IVB s tage .  The p l o t s  r e s u l t i n g  

from t h i s  s tudy d e t a i l e d  t h e  dynamic response c h a r a c t e r i s t i c s  f o r  t h e  S-IVB 

s t a g e  a t t i t u d e ,  a t t i t u d e  r a t e ,  and t h e  5-2 engine d e f l e c t i o n  angle.  

o Navigation and Guidance Schemes V e r i f i c a t i o n  S t u d i e s  

Developed s i x  degree-of-freedom d i g i t a l  s imula t ions  of  Sa turn  I B  and 

V t r a j e c t o r i e s  t o  be used i n  t he  v e r i f i c a t i o n  of t h e  naviga t ion  and guidance 

schemes and a s s o c i a t e d  software f o r  t he  Saturn veh ic l e s .  The s t u d i e s  inc luded  

t h e  eva lua t ion  of e r r o r  a n a l y s i s  and s tudying the  performance of i t e r a t i v e  

guidance mode (IGM) under va r ious  v e h i c l e  pe r tu rba t ions .  

Sa turn  S-IVB O r b i t a l  F l i g h t  Simulator 

A s i x  degree-of-freedom d i g i t a l  s imula t ion  of t he  Saturn S-IVB o r b i t a l  

f l i g h t  w a s  developed. This  mathematical s imula t ion  inc ludes  guidance, nav iga t ion ,  

and c o n t r o l  of t h e  S-IVB s tage .  
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Saturn  Vehicle T ra j ec to ry  Simulation 

Developed a s i x  degree-of-freedom d i g i t a l  s imula t ion  of Sa turn  v e h i c l e  

t r a j e c t o r i e s  from guidance r e fe rence  r e l e a s e  through lunar  i n j e c t i o n  inc lud ing  

guidance, naviga t ion  and c o n t r o l  systems. The s imula t ion  requi red  t h e  develop- 

ment of equat ions  of  motion, naviga t ion  scheme, i t e r a t i v e  guidance scheme, 

c o n t r o l  system equat ions ,  f a i l u r e  modes, f a i l u r e  backup schemes, environment 

equat ions  and p e r t u r b a t i o n  s imula t ions .  

e Strapdown I n e r t i a l  Measuring Unit  Noise F i l t e r  Simulation Study 

An alignment procedure f o r  a  d i g i t a l  f i l t e r ,  used t o  f i l t e r  n o i s e  

( v e h i c l e  v i b r a t i o n ,  sway, e t c . )  from the  v e l o c i t y  output  of t h e  coo rd ina t e  

t ransformat ion  computer, was developed. A c t i v i t i e s  provide f o r  t h e  develop- 

ment of  a d i g i t a l  s imula t ion  of t h e  strapdown v e h i c l e  on t h e  launch pad, w i t h  

wind-induced sway and v i b r a t i o n .  

Advanced Op t i ca l  Tracking Systems Research and Development 

Under t h i s  program, r e sea rch  and development i s  being conducted on 

a p r e c i s i o n  o p t i c a l  t r a c k e r  t h a t  u t i l i z e s  a  v i s i b l e  l a s e r  t r a n s m i t t e r  f o r  

monitor ing t h e  e l e v a t i o n  and azimuth angles ,  angular  r a t e s ,  range, and range 

r a t e  of a s p a c e c r a f t  dur ing  t h e  c r i t i c a l  launch phase which occurs  immediately 

a f t e r  l i f t o f f .  Current  a c t i v i t y  i n  t h i s  program involves  t he  pro to type  

development of l a s e r  amplitude modulations,  modulator d r i v e r s ,  and d i v e r s e  

d e t e c t i o n  and demodulation e l e c t r o n i c s .  ' 

CATEGORY 9 - PHYSICS 

e Gas Laser Research 

This  r e sea rch  and development program i s  d i r e c t e d  a t  opt imizing t h e  



parameters  of gas  l a s e r  photomixing systems f o r  p o t e n t i a l  use  i n  t r ack ing  

and communication app l i ca t ions .  Current  program a c t i v i t i e s  i nc lude  p r o j e c t s  

involved  i n  t h e  measurement of l a s e r  mode s t a b i l i t y ,  t he  pro to type  develop- 

ment of scanning i n t e r f e r o m e t e r s  f o r  monitoring l a s e r  mode p a t t e r n s ,  and the  

experimental  and t h e o r e t i c a l  r e sea rch  on t h e  dependence of photomixing on 

o p t i c a l  pa th  l eng th  d i f f e r e n c e  . 

Laser  Atmospheric Propagation S tud ie s  

These s t u d i e s  involve  t h e  experimental  and t h e o r e t i c a l  r e sea rch  on 

t h e  random phase v a r i a t i o n s  i n  l a s e r  r a d i a t i o n  dur ing  long-d is tance  atmospheric 

propagat ion.  

Op t i ca l  Component Development 

This  R&D e f f o r t  i s  organized t o  provide o p t i c a l  systems-components 

i n t e g r a t i o n  and c o r r e l a t i o n  technology. The program c o n s i s t s  of an o p t i c a l  

systems des ign  s tudy t h a t  i s  being conducted i n  conjunct ion wi th  an o p t i c a l  

components des ign  and development a c t i v i t y  (mi r ro r s ,  l e n s e s ) ;  which i n  t u r n  

r e s u l t s  i n  t h e  i n t e g r a t i o n  o f  t he  i n d i v i d u a l  components i n t o  complex o p t i c a l  

systems. 

e Advanced Semiconductor Memory Devices Research 

Theore t i ca l  and experimental  research  s t u d i e s  i n t o  the  use o f  a 

meta l - insu la tor -semiconductor  (MIS) device ,  a s  a b i s t a b l e  a c t i v e  memory 

element,  were performed. The device  u t i l i z e s  t he  tunnel ing  e f f e c t  between 

t h e  semiconductor and t h e  i n s u l a t o r  t o  s t o r e  t rapped charges.  

o Advanced Semiconductor Ma te r i a l s  Research 

Research s t u d i e s  involve  s t a t e - o f - t h e - a r t  e p i t a x i a l  and d i f f u s i o n  

techniques.  Current  r e sea rch  inc ludes  development of deep d i f f u s i o n  f o r  

power t r a n s i s t o r s ,  depos i t i on  of s i l i c o n  n i t r i d e s  and oxides ,  and e p i t a x i a l  

growth of  semiconductor ma te r i a l s .  
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Nonlinear Magnetics Memory Research and Development 

This  r e sea rch  e f f o r t  i s  involved wi th  s t a t e - o f - t h e - a r t  s t u d i e s  of 

magnetic t h i n - f i  l m  memory m a t e r i a l s  and device techniques.  Areas researched 

inc lude  magnetic m a t e r i a l  p r o p e r t i e s ,  techniques of depos i t i on ,  and t h e  

development of  advanced memory systems. 

CATEGORY 10 - SPACE TECHNOLOGY 

a Power Control  and Monitor Panel 

A c o n t r o l  pane l ,  f o r  monitor ing and c o n t r o l l i n g  the  genera t ion  and 

d i s t r i b u t i o n  of  ATM e l e c t r i c a l  support  equipment power, i s  c u r r e n t l y  i n  t he  

pre l iminary  s t a g e  of development. The subsystem w i l l  s imula te  t he  ATM s o l a r  

sources  and c o n t r o l  t h e  Charger-Battery-Regulator Modules (CBRM) dur ing  ground 

checkout. 

So la r  Simulator  

A s o l a r  s imu la to r ,  f o r  t e s t i n g  s o l a r  c e l l  performance, has  been 

engineered and designed f o r  use  i n  t h e  ATM q u a l i t y  assurance program. The 

s imu la to r  tube ,  capable of i l l u m i n a t i n g  a 24- by 26-inch a r e a ,  has  a 100 mw/ 

cm2 i n t e n s i t y  c a p a b i l i t y  at any temperature s e t t i n g  between 100 and 900 Cels ius .  

8 S t a t i s t i c a l  Analysis of S-IB/S-IVB Stage Separa t ion  

A Monte Carlo s imula t ion  of the  veh ic l e  r i g i d  body equat ions  was 

performed t o  determine a t t i t u d e  and a l t i t u d e  r a t e  e r r o r s .  Because d a t a  i s  

e n t e r e d  and e x t r a c t e d  i n  terms of frequency d i s t r i b u t i o n s ,  t h i s  technique 

provides  more r e a l i s t i c  r e s u l t s  t h a t  have the  capac i ty  t o  be analyzed by 

s t a t i s t i c a l  methods. 



0 Por table  Solar  Reflectometer 

A por table  s o l a r  ref lectometer  f o r  measuring r e f l e c t i v e  property of 

m a t e r i a l s  i n  space i s  cur ren t ly  under development. The instrument w i l l  make 

measurements over a  wave-length range of 2500 (A t o  2.5 mcirons i n  eleven 

bands. 

e X-Ray Telescope and Camera System 

An X-ray te lescope and camera system was designed and developed. 

The t o t a l  requirements f o r  the  system were es t ab l i shed  i n  l i a i s o n  wi th  MSFC. 

a Elec t ron ics  Design Support 

The breadboard, prototype, and f l i g h t  systems of the  ATM X-ray 

te lescope system e l e c t r o n i c s  were designed and developed. The e l e c t r o n i c s  

system c o n s i s t s  of the  X-ray Event Analyzer f o r  de tec t ing  the  X-ray Act iv i ty  

and camera cont ro l  e l ec t ron ics .  

i Optimization Study of AS-206 Saturn Vehicle Control System 

Analog simulat ions of the  AS-206 Saturn veh ic le  cont ro l  system were run 

t o  e s t a b l i s h  the  design values necessary t o  assure  r e l i a b l e  cont ro l  system 

f l i g h t  operat ion.  Vehicle cont ro l  system dynamic response curves were 

obtained,  from which gain and phase cont ro l  margin values were ext rapola ted .  

E f f e c t s  of Disturbance on Spacecraft 

A study was made t o  determine the  e f f e c t s  of various d is turbances  on 

the  veh ic le  body r a t e s .  The d is turbances  included:  continuous propulsive 

vent ing ,  lunar  excursion module ex t rac t ion ,  docking of command se rv ice  

module and d e a c t i v i a t i o n  of the  s t age  by dumping propel lant  through the  

5-2  engine. 



Encoder/Decoder Modif icat ion - Switch S e l e c t o r  Panel 

Designed t h e  panel-components con f igu ra t ion  of  t he  ATM t e s t  and 

checkout Switch S e l e c t o r  Encoder/Decoder Panel. The modi f ica t ion  t o  t h e  

19 i n c h  wide Switch S e l e c t o r  Panel w a s  designed,  and d e t a i l e d  documentation 

f o r  t h e  p r i n t e d  c i r c u i t  n e s t s  and connectors  was furn ished  t o  MSFC requ i r e -  

ments. 

ATM E l e c t r o n i c  Component Checkout System 

A two-rack, ten-panel  p o r t a b l e  experiment checkout equipment system 

was designed and developed t o  meet t h e  need f o r  t h e  complete d i a g n o s t i c  

t e s t i n g  of t h e  Goddard X-ray t e l e scope  experiment e l e c t r o n i c  components. 

L i f e  Tes t  System f o r  Charger-Battery-Regulator Modules (ATMI 

Th i s  e f f o r t  involved t h e  component i n t e g r a t i o n ,  packaging des ign ,  

and documentation of  t h e  L i f e  Tes t  System f o r  t h e  ATM Charger-Battery- 

Regulator  Modules. The system i s  capable of t e s t i n g  as nany as s i x  modules 

s imultaneously and s u s t a i n i n g  t h e  t e s t  environment f o r  a two-year per iod.  
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