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I NTRODUCT I ON 

The Sperry Rand Space Support D iu is ion  presents t h i s  brochure t o  dep ic t  
a competence and c a p a b i l i t y  i n  the area o f  large e a r t h - o r b i t a l  workshops. 
Workshops t h a t  are: 

@ I n  f a b r i c a t i o n  (ATMI 

Proposed f o r  Saturn V Vehicles (Bo E hix) 

Conceptual ly designed f o r  spec i f i c  aduanced app l i ca t ions  
(Nuc lea r  Power) 

Sperry's a b i l i t y  t o  o f f e r  a depth of experience i n  the o r b i t a l  workshop 
area i s  d i r e c t l y  a t t r i b u t a b l e  t o  the techn ica l  support the Space Support 
D i u i s i o n  i s  p r o v i d i n g  t o  the  MSFC A s t r i o n i c s  Laboratory.  I n  t h i s  r o l e  a 
techn ica l  foundation and competence i n  design and deuelopment of o r b i t a l  
workshops has been estab l ished.  The Apo l lo  Telescope Mount prou ided the  
hardware, subsystem and system experience. Then f o l  low-on studies deue loped 

t h e  necessary m iss ion  a n a l y s i s  exper ience.  Hence, an o u e r a l l  workshop 
c a p a b i l i t y  has euolued. 

The areas of demonstrated pro f ic iency are: 

1. EXPERIMENTATION 

X-Ray Telescope Design 
X-Ray Camera Design 

Televis ion System Design 
Laser Research 

I I. POWER 

Solar Array Design 
Nucleonics Analysis 
Fuel Ce l l  Design 

Data Compression Studies 
Information Coding Techniques Studies 
Modulation Techniques Studies 

Phaselock Loop Analysis 

Phase Compensation Analysis 
Hardware Design 

Antenna Sys tems 
Pulse Code Modulated Data Acquis i t ion  Systems 
Telemetry Ground Sta t ion 



270-Channel Mul t ip lexer  
Single Side Band/Double Side Band F i l t e r s  

Airborne Telemetry Power Supplies 

Control Moment Gyro System Analysis 

Experiment Point ing Control Analysis 
Control System Analysis and Design 

A TM 
Orb i ta l  Workshop 

Reaction Control j e t s  
S iz ing 
Fuel Consumption 

Momentum Dumping 

Opt imal 
Bac &up 

S ta r  Tracker Analysis 

A summary of the engineering e f f o r t  r e l a ted  t o  o r b i t a l  workshop exper- 
ience i s  presented i n  the Capab i l i t i es  Section (Section 11). I n  t h a t  sec- 

t i o n  there  are four  subsect ions which are un iquely  categor ized by NNnlA's 
Phased P r o j e c t  Planning.  The four  steps of Phased P r o j e c t  P lanning are 
Advanced Studies,  P r o j e c t  D e f i n i t i o n ,  Design, and Development and Ope- 

ra t ions  Categorized as Phase A ,  5. C and C respect ively.  

The remainder o f  the brochure provides an i n s i g h t  i n t o  the D i v i s i on ' s  
background, organizat ion makeup and manpower leve l .  

The c a p a b i l i t i e s  repor ted  he re in  were developed by the Space Support 

D i v i s i o n  under Contract NAS8-20055 t o  the Nat iona l  Aeronautics and Space 
Admin is t ra t ion,  George C. Marshal l  Space F l i g h t  Center, As t r i on i cs  Lab- 
o ra to ry .  H u n t s v i l l e .  Alabama. 
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1VORKSHOP CAPABILITIES SUh!!d4RY 

PH.4SE ,4 - ADVANCED STUDIES 

In the Advanced Study Phase concept feasibility studies of various 
mission approaches are made. Requirements for each are analyzed, engineer- 
ing assessed and experiment programs grossly defined. From this a report is 
written detailing all analytical work, alternate solutions. tradeoff cri- 
teria and recommendations. 

The Phase A definition adequately defines the work performed by the 
Space Support Division's Advanced Studies Group in support of the Astri- 
onics Laboratory's jduanced Studies Office. The recent studies as docu- 
mented by Sperry are: 

A Study of the Backup Saturn I Korkshops (AS210 Wet Launch) Astrionic 
Ecjui!?n;lents' Potential for use it; an Austere Drq Launch Sati~rn V lYorkslop ( 6 )  

An investigation into the system and sub-system modifications required 
to adapt the Saturn I "\Vet Launcb" u~orkshop's backup eauipment to an aus- 
tere Saturn V "Pry Launch" worksi~op was performed. Conversion time, cost 
and mission scheduling were traded off against versatility and lift capa- 
bility. 
SP 590-0132 Completion date: 9/68 

Selected Studies of Some Conceptual Earth-Orbital lVorkshops 

Systems analysis and trade-off studies were made on a number of con- 
ceptual earth-orbital workshops in an effort to size systems and obtain the 
best configuration. Areas studied included experiment payload, power sys- 
tems. instrumentation and communications, thermal controls, control and 
display. and video imaging. 
SP 5?0-00118 Completion date: 7/68 

dttitude Ccntrol System Synthesis for Conceptual Saturn V Launched 
Earth-Orbital Workshop/Space Stations 

Id~ntified Eight Conceptual Workshop/Space Station configurations and 
studied in detail four to determine overall attitude control requirements 
to bc  ex@ect~d. Then. using these requirements two potential attitude con- 
trol system arc synthesized. 



SO-56 X-Ray Telescope 

D i s t o r t i o n  i n  r a y  bundle introduced by alignment inperfect ions i n  the 
r e f l e c t i u e  elements of the telescope - hyperboloid t i l t e d  30 arc seconds 
wi th  respect t o  the o p t i c a l  ax is .  



General concepts were der ived from NASA's cu r ren t  Saturn V E a r t h - O r b i t a l  
lYorkshop/Space S ta t i on  p lann ing  a c t i v i t i e s .  

Disturbance torques cons idered are grau i t y  g rad ien t .  aerodynamic, s o l a r .  

magnet ic  and man mot ion .  The c o n t r o l  systems i n c l u d e d  r e a c t i o n  c o n t r o l  
j e t s ,  c o n t r o l  moment gyros and var ious combinations of bath. 
SP 590-0097 Completion date: 7 )  68 

Microwaue Power Transmiss ion  Study f o r  Space &p I i c a t  ions 

Cons idered the feas i b  i I i t y  of transmiss ion F P o u r e r  by  micro~uaue beaming 

f r o m  a master s a t e l l i t e  t o  one o r  more sma a t e l l i t e s .  Theore t i ca l  and 

q u a n t i t a t i v e  r e s u l t s  a re  presented d e t  ' e e f f i c i e n c y  o f  each sub- 

system p l u s  t o t a l  system e f f i c i e n c y  u the e l l i p t i c  o r  the para-  
b o l i c  r e f l e c t o r  antenna. 
SP 590 -0072  t i o n  date: 4 / 6 8  

Presented data  t h a t  h&s,upaas 

ment of  c r i t e r i a  t o  po 
o f  m a t t e r  i n  t h e  g a l a  
o f  magnetic and electr&ic f2  

cosmic rays  and t h e  
SP 5PO-0110 

Performed c o n t r o  I &:gs<s,Z 
aper tu re  telescopes. T 
c f  a one meter d i a  

o r b i t a l  worksho 
arc  second mainta 

A two body a$ 

conf  i o u r a t i o n s  d . " 

motion. on p o i n t  

SP 590-FP34-0.1.2. 

n t a l  in fo rmat ion  on e s t a b l i s h -  

a t u r e ,  d e n s i t y  and composi t ion 
i c  space, presence and s t r e n g t h  

, the  o r i g i n  and d i s t r i b u t i o n  o f  

Coma.&$ i o n  da te  : 8/68 

. - 
i s  o@+@@gested h i g h  accuracy  l a r g e  

+>*&a$+ *:$37< 

conf kid* t o  the  f i n e  p o i n t i n g  c o n t r o l  

u re  te lescope mounted on an SlVB t ype  
ccuracg o f  t h e  systems analyzed i s  0.01 

d per iods of  t ime. 

was developed t o  t e s t  the var ious  hardware 
& t h e  e f f e c t s  of  d i s t u r b a n c e s ,  i n c l u d i n g  man 

Completion date: 5/68 





Phased Array Antenna Study - Phase I and II 

A comprehensive study of  the c h a r a c t e r i s t i c s  of  phased ar rays  was pe r -  

formed. S t a t e - o f - t h e - a r t  i n fo rma t ion  i s  presented from the  l i t e r a t u r e  on 

weigbt .  s i z e .  gain,  number of  elements, scan and e f f i c i e n c y .  41so d e t a i l e d  
i s  the  p a t t e r n  e f f e c t  due t o  r a d i a t o r  m i s l o c a t i o n  caused by manufactur ing 
e r r o r s  and thermal g rad ien ts .  
SP 590-01C8 
SP 390-0134 

Completion da te :  8 68 
Comp I date:  1) 68 

Boom Extended Nuclear (Orb i t i ng )  Reactor CPI 01  Study 

I n  suggest ing  nuc lea r  r e a c t o r s  f o r  l a rge  space s t a t i o n s  the ques t i on  

o f  v e h i c l e  c o n t r o l  came t o  the  f o r e f r o n t .  This  s tudy  endeavers t o  answer 
t h a t  ques t i on  by c o n s i d e r i n g  the  r e a c t o r  mounted on a boom extended from 

t h e  s i d e  o r  end of  the  u e h i c l e .  

4n i n v e s t i g a t i o n  i n t o  the i n te r r , , a t i ons  vetween the  boom mounted r e -  

a c t o r  and t h e  u e h i c l e  c o n t r o l  system was per formed.  Analog and D i g i t a l  
s i n u l a t i o n  programs were deueloped t o  compute ex terna l  d is turbance torques, 

composite mass and i n e r t i a  data.  I n  a d d i t i o n ,  a complete two-body u e h i c l e  
dynamic s i m u l a t i o n  c o n t a i n i n g  a v e h i c l e  c o n t r o l  system was deueloped t o  
v e r i f y  a n a l y t i c a l  r e s u l t s .  

Completion date: 12/68 

Sensors 

S t r ~ g d o u n  i n e r t i  v i g a t o r s  appear aue a p l a c e  i n  l a r g e  space 

s t a t i o n s  of the  f u t u r  s tudy i npu t ,  t o  m development, was a method 

t a  d e t e c t  and i s o l a t g  de fec t ive  sensors by comparing i nd iu idua l  sensor ou t -  
p u t  w i t h  the  mean output  of  a l l  the sensors- 

4 d i g i t a l  program was developed t o  study var ious approaches and eualuate 
t rade -o f f s  i n  t h e  d e t e c t i o n  and i s o l a t i o n  of  sensor malfunct ions. 
SP 590-0084 Completion date: 7/68 

Caturn  I / V  S i x  Degree Dynamical S i m u l a t i o n s  w i t h  I t e r a t i v e G u i d a n c e  
Mod i f  i e d  f o r  Aduanced Veh ic les  and M iss  ions  

C t rap -on  s o l i d  f u e l  eng ines .  Sa tu rn  V u e h i c l e s  w i t h o u t  t h e  $11 s tage 
clrtd uol r iab le t h r u s t  l i q u i d  fue l  engines are analyzed t o  determine impacton 



50-56 X-Rau Te I  escope 

Ray d iagram o f  p e r f e c t  x - r a y  t e l e s c o p e  v i e w i n g  a p o i n t  source o f  x - r a y s  
on o p t i c a l  a x i s  100 meters  d i s t a n t .  



the  p r e s e n t  guidance modes. F u l l  sca le  d i g i t a l  s imulat ions have been de- 

veloped u t i l i z i n g  the  l a t e s t  M A R V E S S  t r a j e c t o r y  techniques making l i f t - o f f  
t o  i n j e c t i o n  studies poss ib le .  
SP 209-TD-04 Completion date:  I 6 9  





WORKSHOP CAPABILITIES SUMMARY 

PHASE B - PROJECT DEFINITION 

I n  the p r o j e c t  d e f i n i t i o n  phase selected concepts are re f ined,  assess- 
ments o f  t o t a l  mission requirements are made and a  system analysis prepared. 

From the study r e s u l t s  presented a  p r o j e c t  p lan  emerges which spec i f i es  a  

s i n g l e  concept, recommends a  p l an  f o r  phase C ~d presents a  p re l im ina ry  
P r o j e c t  Development Plan. 

The Sperry Rand Space Support D i o i s i  p p o r t i n g  the A s t r i o n i c s  
Laboratory on the Apol lo Telescope Mount (ATA) was an i n t eg ra l  p a r t  
o f  the ATM Phase B endeavor. This prod ence by associat ion which, 
i n  our op i n i on ,  g ives a  depth o f  kno the area of  la rge o r b i t a l  

space s t a t i o n  technology obta inab le  y- to-day con tac t  w i t h  the 
cognizant NASA organizat ions.  A sampl r t s  appl icable t o  the phase 
B planning process i s  presented belo 

Antenna Pat tern  Measuremen 

Ana I yzed three methods .,,ma pat terns  i n  r e l a t i o n  t o  the 
antenna a t t i t u d e  i n  a  200 r b i t .  The study was made t o  eva l -  

uate a  cont rac tor 's  prop measuring the charac te r i s t i cs  of a  
large space e rec t  studies were conducted 

and recommendat t e  method of measuring 
antenna pat terns  

9L # 16-022 on date: 5/66 

Discussion o  

S c r u t i n i z e d  co osa l  f o r  a  g r a v i t y  g rad ien t  dump scheme 
designed f o r  mome he Contro l  Moment Gyros. The scheme u t i -  

l i z e d  the r e c t i f  y c l i c  g r a v i t y  gradient  torques by changing 
s igns of  the co r angles a t  s p e c i f i e d  t imes i n  the o r b i t .  

The a t t r a c t i v e  a c t i v e  features of the scheme was presented 
a f t e r  a  d e t a i l e d  ana and computer s imu la t ion  study was performed. 

ORS-2-1 Completion date: 4/67 

Double Gimbal Control b e n t  Gryos i n  Vehicle A t t i t ude  Control 

The System f o r  I n e r t i a l  Experiment Po in t i ng  and A t t i t u d e  Contro l  ( S I X -  
PAC) as proposed by NASA (Langley F i e l d ,  V i rg in ia )  i s  investigated. 



B I A S  FOR NEXT ORBIT  
I N  SUCCESSION 

" 94 "188 

ORBITAL PERIOD I N  MINUTES 

Angular momentum change due t o  aerodynamic drag torques about the elongated 
a x i s  of an Apol l o  Telescope Mount (ATM) type veh ic le .  



The fundamentals of  the CM6 system are presented and the de r i va t i on  of 

the equations f o r  a  space veh ic le  using the SIXP,4C conf igura t ion i s  devel-  
oped. Along w i t h  t h i s  a  b lock  diagram of the CMG and veh ic le  dynamics are 
deve loped for  system study. 

The c h a r a c t e r i s t i c s  of  the CMG as an a t t i t u d e  c o n t r o l  device are a lso  
discussed and a  comparison w i t h  o ther  a t t i t u d e  c o n t r o l  schemes i s  made. 

Then advantages of  the various systems are pre ed i n  conclusion. 
5P 517-67-1 Comp I e  date: 1 67 

C h a r g e r - b u t t e r u e  

An engineer ing ana lys is  was per fo r  a b l i s h  design requirements 
f o r  the thermal ,  mechanical and v i v  to type  of  the 4TM charger-  
ba t te ry - regu la to r -modu le .  The pack n  r equ i r ed  compliance w i t h  

MSFC Document 50M02408, Environmen and Q u a l i f i c a t i o n  Test C r i -  
t e r i a  f o r  ATM Components. The t h  v i b r a t i o n a l  a n a l y s i s  of  the 

pro to type charger -bat tery  r e  nducted t o  v e r i f y  the packaging 
design per requirements of  5 
RF # 14-004 ,amp l e t  ion date : 7/68 

Generat ion of  O r b i t a l  stems and Aerodynamic and Grav i t y  
Grad i e n t  Torques 

To evaluate 
face a  d e t a i l e  
deve loped. 

conf igura t ion and i n t e r -  

ng and con t ro l  system was 

The developed program presen ts  a  coiilr te Mathemat ical  Model of  an 
ear th  o r b i t a l  space s ta t i on .  The Ea r t h - sun -sa te l l i t e  motion model i s  simu- 

l a t e d  a long tuith a l l  e x te rna l  torques a c t i n g  on the veh ic le .  The c o n t r o l  
system conta in ing con t ro l  moment gyros and reac t ion  j e t s  i s  a lso  simulated 
making it poss ib le  t o  do de ta i l ed  fuel  s tudies of any earth o r b i t a l  vehic le 

c o n t r o l  system. Presen t l y  t h i s  s imu la t ion  i s  programmed on both  the 7094 
d i g i t a l  and 89QO h y b r i d  c pu ters .  
SP 522-0058 Completed: 4/67 

Updated : 4  /68 

ATM Command and Telemetry Antennas 

Or i g i na ted  the design concept and f ab r i ca ted  scale models and p r o t o -  
types o f  ATM antennas. The antennas are  mounted on the s o l a r  wings. An 
edge-mounted sc im i t a r  antenna was used f o r  the 450 MHz command system and 





an edge-mounted d ipo le  antenna f o r  the VHF te lemetry.  The design concept 

was formulated by b u i l d i n g  I:20 scale models of the proposed antennas and 
checking the rad ia t i on  charac te r i s t i cs  on a I:2C scale model of the Apol lo 
Telescope Mount c lus te r .  

RL # 16-006 Completion date: 11/68 

R Techni-for S t a b i l i z i n g  the ATM Vehicle f o r  Extended Time Periods 
By use of Momentum Exchange Devices - 

If an ATM r e v i s i t  i s  envis ioned thermal o l  w i l l  be necessary. To 

supply thermal con t ro l  a source of power e required.  I f  t h i s  power 
i s  provided by so lar  c e l l s  facing the su o f  system w i l l  be required 

e i t he r  ac t i ve  o r  inact ive .  If an a c t i u  s used the system described 

i n  t h i s  repor t  i s  appl icable.  

The study presents a momentum ma cheme t o  permi t  c o n t r o l  of  

the ATM w i t h  con t ro l  moment gyros d nmanned phase of the mission. 

The momentum management scheme r d i r ec t i on  of disturbance torque 

through simple CMG-control us e l im ina t i ng  the requirement 

f o r  r e a c t i o n  j e t s  t o  r e l i  c t iona l  s t o r e d  momentum of  the 
c o n t r o l  moment gyros.  
Presented t o  May 1967 

American A s t r o n a u t i c a l  Soc ie ty  
Nat iona l Sympos ; l ~ r n  

SlVBStagf l '  [ F i l t e r  

An a l l - d i g i t a l  f l i g h t  c o n t r o l l e r  f o r  IVB stage i s  considered i n  
d e t a i l .  Several mechanizations of the d compensator are  designed 
and comparisons made bu means r frequency response measurements and hybr id  

r imulat ion. 
SP 551-9045 Completion date: 4/24/68 





WORKSHOP CAPA3ILITIES SUMMARY 

PHASE C - DESIGN 

I n  t h i s  phase t h e  f i n a l  concepts are  developed: designs a re  made t o  
r e q u i r e d  s p e c i f i c a t i o n s ;  and a  t o t a l  system ana lys i s  made. Fromthis an ma- 

l y t i c a l  r e p o r t  i s  assembled and the  f i n a l i z e d  P r o j e c t  Ceuelopment P lan  
(PQP) r e  leased.  

The A p o l l o  Telescope Mount (ATMI, as the f i r s t  la rge o r b i t a l  workshop, 
has been through t h i s  phase. The Space Support D i u i s i n n ' s  c o n t r i b u t i o n  i n  

t h i s  phase, as documented. i s  presented i n  the fo l l ow ing  paragraphs. 

ATM 50-56 X-Ray Telescope: F i n a l  R e p z t  

F i n a l  a n a l y s i s  o f  t h e  o p t i c a l  p r o p e r t i e s  of t l i e  SO-56 K-Ray T e l e s c ~ p e  

i s  presented. Ana lys is  inc ludes r a y  t r a c i n g  w i t h  s p e c i a l  emphasis on r a y  
diagrams, spo t  diagrams and p o i n t  spread f u n c t i o n s .  A l l  aspects o f  t h e  
X- ray  r e f l e c t i o n  dynami-- were cons idered.  
085-3- 1 Comnletion date: 3 / 6 9  

ATM Conf jgurat ion Management 

E 

f o r  
p l a n  

s t a b l i s h e d  a  system f o r  c o n f i g u r a t i o n  c o n t r o l  and documentation f low 

t h e  ATM program. The concept  o f  a  workable c o n f i g u r a t i o n  management 
and documentat ion c o n t r o l  p l a n  was presented t o  and approved by the  

MSFC ATM P r o j e c t  O f f i ce ;  then documented and implemented. Technical docu- 
menta t ion  i s  generated from research and data  ga the r ing ,  as requ i red ,  t o  

determine a  bas ic  f o r  t he  ATM program. The c o n f i g u r a t i o n  management p l a n  

keeps eng ineer ing  management informed on the program s ta tus .  
RL # 18-002 Completion date: This i s  a  con- 

t i n u i n g  program. 

4TM Experiment In te r face  Contro l  Documents 

Reviewed and ana lyzed exper imenter  and ATM e l e c t r i c a l  c i r c u i t s ,  and 
main ta ined e l e c t r i c a l  systems c o m p a t i b i l i t y  between exper imenters,  MSFC, 
and Manned Spacecra f t  Center by genera 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. Reuiewed e x p e r i -  
menter's proposed changes and recommended acceptance or  re fusa l  by the Con- 
f i g u r a t i o n  Contro l  Board. 
RL # 09-01? Completion date : 4 th  Quarter /70 



SO-56 X-Ray T e l e s c o p e  

Energy d i a g r a m  o f  image formed bg x - r a y s  i n  f i l m  p l a n e  

o f  t e l e s c o p e  



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  be ing  designed t o  p rou ide  

c o n t r o l ,  power d i s t r i b u t i o n ,  and data t ransmiss ion in terconnect 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 ana lys i s  has been made o f  the e n t i r e  cable and d i s t r i b u t i o n  check- 

ou t  system t o  e s t a b l i s h  design goals and c r i t e r i a .  4 study of  the Saturn V .  
500FS system was made t o  determine u s a b i l i t y  o f  cables f o r  t he  design. 4 

c o n t i n u i n g  systems i n t e r f a c e  study i s  be ing  per  -:med and cable i n t e r f a c e  
c o n t r o l  i s  be ing  mainta ined.  

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

Compfetion date: 11/68 

P re l im ina ry  s tud ies  of  ATM power, measur g ,  and command s i g n a l  d i s t r i -  

b u t i o n  requi rements 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 -  

butors.  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 capsu le  c o n t r o l  p a n e l ,  t he  ATM exper iment  packages, 

and the  e l e c t r i c a l  support  equipment, bo th  p r i o r  and subsequent t o  launch 
of  the ATM. Designed the complete h i s t r i b u t o r s  t o  inc lude housing, cab l ing ,  
and components. Thermal vacuum t e s t s  are performed t o  v e r i f y  the  design. A 
r e d u c t i o n  i n  the  number o f  d i c + r i b u t o r s  r e q u i r e d  i s  achieved through the  
u t i l i z a t i o n  of  TO-5 type rnlay! 
RL # 9-00? Camp1et;sn date: 81'68 

Optimal Desatur - ion o f  Conrrol  Moment Gyrc; ystems i n  O r b i t  

Space u e h i c l e s  on m i s s i o n s  t h a t  r e q u i r e  f i n e  p o i n t i n g  w i l l  perhaps 

u t i l i z e  Cont ro l  MomentGyros (CMGs) f o r  a long t i m e  t o  come because of  the  
p rec i se  p o i n t i n g  c a p a b i l i t y  o f fe red  by a cont inuous c o n t r o l l e r .  L i k e  o ther  

systems, CMGs do r u n  o u t  of " f u e l "  (which, i n  t h i s  appl i c a t i o n  i s  measured 
by CMG g imbal  ang les ) .  The " s a t u r a t e d "  c o n d i t i o n  (analogous t o  an empty 
f u e l  t ank )  i s  reached when the  CMG gimbal ang les  approach t h e i r  l i m i t s .  
E x t e r n a l  t o rques  must be a p p l i e d  t o  the  uehicle/CMG system t o  r e s e t  t he  
g imbal  angles.  A sys temat i c  approach t o  t h i s  " r e f u e l i n g "  p rocess  i s  de-  
s c r i b e d  u s i n g  the  f r - 7  " f u e l "  source aua i  l a b l e  i n  the  g r a v i t y  g r a d i e n t s .  

The problem o f  momentum d e s a t u r a t i o n  o f  p o i n t i n g  c o n t r o l  systems w i t h  

CMG c o n t r o l l e r s  i s  c a s t  i n t o  the  format  o f  a minimal  energy o p t i m i z a t i o n  
problem. The system model has the  form o f  a l i n e a r  t ime-ua ry ing  equa t i on  
w i t h  a s t a t e  and c o n t r o l  independent. t ime-uary ing  f o r c i n g  func t ion .  
OWS-3-4 Completion date: 1/69 



T E L E S C O P E  T O  WORKSHOP M A G N E T I C  S U S P E N S I O N  D Y N A M I C S  

WOW KSHOP 

( 

A magnetic suspension of  t h i s  type can be 
an almost p e r f e c t  i s o l a t o r ,  expec ia l ly  when 
feedback p r i n c i p l e s  a r e  app l ied.  Coupled 
force due t o  workshop motion i s  reduced by 

open loop ga in  A .  I n  a d d i t i o n ,  the i s o l a t i o n  
c h a r a c t e r i s t i c s  are  e s s e n t i a l l y  frequency 
i n v a r i a n t .  

FROM WORKSHOP 
THRU S U S P E N S  

FORCE = K l  i ( S )  



ATM Clock 

Designed t h e  l o g i c  and packaging of t h e  AT1 c l o c k  t o  p r o u i d e  u l t r a -  
s t a b l e  t i w e  references f o r  uar ieus  ATM experiments. The c l o c k  i s  capable 

o f  p r o v i d i n g  t i m e  references i n  m i l l i seconds ,  seconds. ~ i r u t e s ,  hours, and 
8 days, w i t h  a  s t a b i l i t y  of I x  10 throughout the  temperature range o f  -20 

degrees t o  85 degrees C e l s i u s .  The c l o c k  can be r e s e t  t o  any t i w e  p e r i o d  
by ground command s igna ls .  and has a  r e l i a b i l i t y  of 0.99965. One pro to type 
u n i t  was fab r i ca ted  and tested.  
RL # 17-008 CorttpIetig,@ 'date: 9 67 

WTM Switch Selector  Panel 

Prepared Class I documentat ion o f  t h  t c h  s e l e c t o r  pane I. The 
panel i s  requ i red  fo r  ATM se lec tor  s w i t  check out .  The packaging 

design of t h e  panel (component l ayou t )  r e d  t o  meet MSFC r e q u i r e -  
ments. Documentation was completed i n  ce w i t h  M S F C  Drawing 40M- 
0922461. 
RL # 10-013 t ion date: 12/67 

ATM E l e c t r i c a l  Sustem ketUIorR! 

The e l e c t r i c a l  c i r c u i t  e c t  a l l  4TM subsystems and t o  
per form s w i t c h i n g ,  c o n t r o  u t i o n .  and s i g n a l  c o n d i t i o n i n g  
func t i ons  i s  cur  system cons is t s  of t h ree  power 
d i s t r i b u t o r s .  f i  s. t h r e e  measuring d i s t r i b u t o r s ,  a  
t r a n s f e r  assembly ay l o g i c  d i s t r i b u t o r .  and approx i -  
ma te l y  590  i n t e  e subsustems a r e  designed t o  4TM 
spec i f i ca t i ons .  

Time - D i u i s i o n  h u l t r p r e x a r  

Comprerron date: 1/69 

A t ime-d iu i s ion  - designed t o  accept up t o  270 data inputs 
o f  0 t o  5  u o l t s  nd  t o  p r o v i d e  two p a r a l l e l  o u t p u t  waue 
t r a i n s .  The m u l t r  p r i m a r y  channels w i t h  a  sampl ing r a t e  o f  
I 2 0  samples p e r  se r p a l  subassemblies of t he  m u l t i p l e x e r  are :  

t h e  d c l d c  conuer te r  and r e g u l a t o r s  t h a t  p rou ide  i s o l a t i o n  o f  s i g n a l  and 
m i s s i l e  power grounds: an i s o l a t i o n  a m p l i f i e r  f o r  each output ;  main channel 
rnwl t ip lexer  cards: c a l i b r a t o r ;  and c lock  and t im ing  subassembly. One m u l t i -  
p l e x e r  was breadboarded and successfu l ly  t es ted .  !?ocumentation and p r o t o -  
type f a b r i c a t i o n  are  i n  process Seucral o f  these m u l t i p l e x e r s  s h a l l  be 
used on the  secand 4TM f l i g h t .  

RF # 16-P25 Completion date: 9,'68 



50-56 X-Ray Telescope 

D i s t o r t i o n  i n  ray  bundle introduced by alignment inperfect ions i n  the 
r e f l e c t i v e  elements of the telescope - hyperboloidal element de-centered 
by 0.002 inches. 



Contro l  C i r c u i  t rg- for  Data Acqu is i t i on  System 

Designed t h e  a m p l i f i e r  and s w i t c h  assembly t o  be used on t h e  ATM t o  
amp1 i f y  and s e l e c t  the proper output  o f  redundant PCM d i g i t a l  data acqu is i -  

t i o n  subsystems. Swi tch ing  between the  two PCM subsystems i s  accomplished 
by commands t o  i n t e r n a l  c o n t r o l  c i r c u i t r y .  These c o n t r o l  c i r c u i t s  employ 

e l e c t r o - o p t i c a l  devices t o  p rov ide  maximum i s o l a t i o n  between the e x t e r n a l  
command s igna l  c i r c u i t r y  and the c o n t r o l  c i r c u i t s ,  
RL # 17-005 Completinn dote:  11 67 

Th is  e f f o r t  inuolues p r e p a r a t i o n  of  t f i c a t i o n ,  and the  accept-  

ance p r e l i m i n a r y  and q u a l i f i c a t i o n  t e s t  s  f o r  the Apo l lo  Telescope 

Mount (ATMI c h a r g e r - b a t t e r y - r e g u l a t o  A rev iew of  the  ATM power 
requirements and p ro to t ype  c i r c u i  t r y  d e t a i l  requi rements f o r  the  
t h r e e  documents. The spec i f  i c a t  i o n  s purchas ing imanufac tur ing  
requ i rements ;  t he  acceptance t e s t  se ts  f o r t h  module acceptance 
s tandards :  and t h e  qua1 ocedure d e t a i l s  enu i ronmenta l  

opera t ing  requirements 

RL # 10-001 ~ p l e t i n n  date:  4/68 



$0-56 X-Ray Telescope 

D i s t o r t i o n  i n  r a y  bundle int roduced by a l ignment  i n p e r f e c t i o n s  i n  t h e  
r e f l e c t i v e  elements of  t h e  te lescope  - hyperbo lo id  t i l t e d  15 a r c  seconds 
w i t h  r e s p e c t  t o  t h e  o p t i c a l  a x i s .  
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