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ABSTRACT 

Th i s  paper w i l l  p resen t  i n d u s t r y ' s  p r a c t i c e  
of t e s t i n g  space q u a l i f i e d  hardware. An over-  
view of t h e  GPS Tes t  Program w i l l  be d iscussed 
f rom t h e  component l e v e l  t o  t h e  sub-system 
c o m p a t i b i l i t y  t e s t s  w i t h  t h e  space v e h i c l e  
and f i n a l l y  t o  t h e  launch s i t e  t e s t s  a t  Van- 
denberg AFB, C a l i f o r n i a ,  a l l  r e l a t e d  t o  t h e  
Rubi d i  urn c l ock .  

INTRODUCTION 

Rockwell I n t e r n a t i o n a l  has been i n v o l v e d  i n  the  development and p ro -  
d u c t i o n  o f  space q u a l i f i e d  Rubidium Frequency Standards f o r  t h e  GPS 
Program s i n c e  t h e  i n i t i a l  i n c e p t i o n  o f  t h e  program i n  1974. To date,  
we have produced a t o t a l  of 29 Rubidium c locks  c o n s i s t i n g  o r  p ro to -  
types,  eng inee r i ng  models, and p roduc t i on  u n i t s .  

The f i r s t  s e r i e s  of s i x  s a t e l l i t e s  a re  i n  o r b i t  and have been dec la red  
o p e r a t i o n a l ,  w i t h  each c a r r y i n g  t h r e e  redundant Rubidium c l ocks .  
I n i t i a l  t e s t  r e s u l t s  demonstrated n a v i g a t i o n  accurac ies of a few 
meters i n  t h r e e  dimensions. Rockwell i s  c u r r e n t l y  i n  t h e  process o f  
deve lop ing Rubidium c l ocks  on t h e  Phase I I / I I I  Program f o r  t h e  GPS 
S a t e l l i t e s  9 through 12. 

The Rubidium c l o c k  t e s t  c y c l e  covers two major phases, t h e  p re -p ro -  
d u c t i o n  and t h e  acceptance l e v e l  t e s t i n g .  The p re -p roduc t i on  covers 
t h e  board, system assembly, and assembly t e s t s .  The acceptance l e v e l  
t e s t i n g  i nc l udes  t he  env i ronmenta l  and c e r t i f i c a t i o n  t e s t s .  A l l  
Rubidium c l o c k  t e s t s  a re  performed i n  d i f f e r e n t  t e s t  f a c i l i t i e s  of 
Rockwe l l ' s  Defense E l e c t r o n i c s  Operat ions i n  Anaheim, C a l i f o r n i a .  



The space v e h i c l e  undergoes i n t e g r a t e d  acceptance t e s t i n g  through t e s t  
c o n d i t i o n s  s i m u l a t i n g  and exceeding t h e  environments which i t  wi  11 en- 
coun te r  f rom launch through o n - o r b i t  opera t ion .  The acceptance t e s t  
o f  t h e  space v e h i c l e  i s  performed a t  Rockwe l l ' s  Space Operat ions and 
Sate1 1 i t e  Sys tems D i  v i s i o n  a t  Seal Beach/Downey , Cal i f o r n i  a, and t h e  
Nor th  American A i r c r a f t  D i v i s i o n  l o c a t e d  i n  Los Angeles, C a l i f o r n i a .  

SPACE QUALIFIED TEST PROGRAM 

Rubidium Clock Automated Tes t  S t a t i o n  

Rockwe l l ' s  Rubidium c l o c k  has been developed f rom a commercial 
E f ra tom Rubid i  um Frequency Standard. Extens ive m o d i f i c a t i o n  and 
repackaging have been performed t o  meet spacec ra f t  requi rements 
and t o  improve r e l i a b i l i t y  and s t a b i l i t y .  Acceptance t e s t i n g  o f  
p roduc t i on  c l ocks  a re  r e q u i r e d  t o  assure compliance w i t h  t h e  
design goals  and con fo rm i t y  t o  t h e  procurement s p e c i f i c a t i o n .  

Computer automation of  t h e  Rubidium c lock  t e s t i n g  i s  u t i l i z e d  
because o f  t h e  l a r g e  amount o f  da ta  t o  be gathered over  an 
extended t ime  p e r i o d  and t he  need t o  e x t e n s i v e l y  process t h i s  
data.  

A c e n t r a l  o r  a t ime share computer concept was se lec ted  t o  
a l l o w  f o r  g r e a t e r  v e r s a t i l i t y  of u t i l i z a t i o n  and t o  a l l o w  i m -  
p lementa t ion  of a d d i t i o n a l  t e s t  s t a t i o n s .  The computer system 
u t i l i z e s  a s o p h i s t i c a t e d  ve rs i on  of BASIC as t h e  programming 
language a v a i l a b l e  t o  users and can be extended t o  s e r v i c e  up 
t o  16 t e rm ina l s .  The t ime share computer i s  a pdp-11/35 micro-  
computer which i nc l udes  256K, 16 b i t  word f i x e d  head d i sc ,  1 .2  
mega b i t  word movable head d i s c ,  dual  dectape s to rage  and 28K 
words of core memory. I t  i s  e s s e n t i a l l y  a minimum system re- 
quirement t o  suppor t  t h e  data s to rage  and p rocess ing  r e q u i r e -  
ments. 

I n  the e x i s t i n g  c o n f i g u r a t i o n ,  f o u r  t e rm ina l s  o r  t e s t  s t a t i o n s  
a re  suppor ted by t h e  pdp-11/35 minicomputer. Three of t h e  four  
t e s t  s t a t i o n s  a re  equipped w i t h  micro-computer systems t h a t  
p rov ide  redundant da ta  c o l l e c t i o n  and s torage c a p a b i l i t i e s  i f  
t h e  t ime shared computer should f a i l .  A t  t h e  end o f  t h e  t e s t ,  
these da ta  would then  be t r a n s f e r r e d  t o  t h e  pdp-11/35 f o r  
ana l ys i s .  System redundance p reven ts  t h e  l o s s  of t e s t  t ime  
w i t h o u t  i n t e r r u p t i o n .  A f u n c t i o n a l  b l ock  diagram o f  t h e  
Rubidium c l o c k  t e s t  s t a t i o n  and a photo o f  t h r e e  o f  t h e  four  
t e s t  s t a t i o n s  are shown i n  F igures  1 and 2 r e s p e c t i v e l y .  

A va luab le  f e a t u r e  o f  t he  RSTS t ime  share concept u t i l i z e d  i s  
t h e  a b i l i t y  t o  access data be ing  s t o r e d  on d i s c  f rom one program 
us ing  one 1/0 p o r t  by execu t ing  an independent program f rom a 



second port .  This f ea tu re  allows data analys is  without in ter rup-  
t i n g  data col lec t ion  program while using a number of d i f f e r e n t  
programs. 

Fai l safe  fea tures  a re  incorporated i n t o  a l l  t e s t  s t a t i o n s  t o  
protec t  agains t  loss  of data in the  micro-computer due t o  t r ans -  
i e n t  in the  power l i n e  voltage,  clock supply over-voltage and 
cur ren t ,  over and under base-plate temperatures, and water flow 
r a t e  r e s t r i c t i o n  in the  vacuum pumps. 

Rubidi u m  Clock Test 

The t e s t i n g  of Rockwell's Rubidium clock i s  cont ro l led  by two 
spec i f i ca t ions ,  one an assembly a n d  alignment procedure and the  
second an Acceptance Test Procedure ( A T P ) .  These t e s t  procedures 
have been w i  tnessed and c e r t i f i e d  by Qua1 i ty  Engineering . There 
a re  approximately 76 inspection points  where a Q u a l i t y  Assurance 
Inspector must approve and stamp off  the  work before addit ional  
t e s t i n g  can proceed. All these s t eps  are  planned and recorded 
in a F A I R  book system, FAIR i s  an acronym f o r  Fabrication- 
Assembly-Inspection-Record. 

This system a l s o  keeps track o f  a l l  par ts  i n s t a l l e d  i n t o  the 
Rubidium clock. I f  a f a i l u r e  occurs during assembly, the  r e t e s t  
must s t a r t  over per the r e t e s t  matrix l i s t e d  in the  assembly 
procedure. I f  a f a i l u r e  occurs during the ATP,  the  f a i l u r e  
must be documented by R e l i a b i l i t y  Engineering, who a l s o  n o t i f i e s  
the  prime contrac tor ,  and generates a f a i l u r e  analys is  repor t .  

A t  the completion of a successful ATP the  t e s t  data i s  assembled 
i n t o  a data package by Q u a l i t y  Engineering and a formal data 
review i s  conducted with the  prime contrac tor ,  Air Force (SAMSO) 
and the  technical  consultants  f o r  the  Air Force. 

After  the  data review, the Rubidium clock i s  packaged and shipped 
t o  the  prime contrac tor .  The data i s  impounded in the  Data 
Submittal department where i t  i s  avai lable  f o r  review a t  a l a t e r  
date.  This data includes a l l  acceptance t e s t  record ca rds ,  
"FAIR" books, computer pr in touts  and s t r i p  cha r t s .  

Figure 3 shows the  Product Acceptance t e s t  flow f o r  the  Rubidium 
clock from the  Module Assembly level  t o  the point of shipment, 
the space vehicle fac tory  t e s t .  A typical  calendar time f o r  
product acceptance t e s t  i s  approximately three  months. 

Space Vehicle Factory and Launch S i t e  Tests 

As prime contrac tor  f o r  the  GPS Space Vehicle, i n s t a l l a t i o n  of 
sub-systems and in tegra t ion  t e s t s  a re  i n i t i a t e d  a t  Rockwell's 



Seal Beach Operat ion Fac to ry  Tes t  Clean Room F a c i l i t y .  F igure  4 
shows t h e  t e s t  f low and the  t ype  of t e s t s  performed a t  these 
l e v e l s  on t h e  space veh i c l e .  The Rubidium c l o c k  i s  p r i m a r i l y  
t e s t e d  f o r  i n t e r f a c e  compati b i  1  i ty  w i t h  t h e  d i f f e r e n t  sub-systems. 
The performance of t he  i n d i v i d u a l  sub-system i s  t e s t e d  a t  each 
phase o f  b u i l d u p  t o  assure re1  i a b l e  ope ra t i on  d u r i n g  t h e  f i v e  yea r  
m iss ion  l i f e .  The t e s t  c r i t e r i a  a re  s t r u c t u r e d  t o  v e r i f y  t h a t  
each sub-system performance i s  w i t h i n  s p e c i f i e d  l i m i t s ,  and t he  
performance i s  moni tored f o r  s t a b i l i t y  and c o n t i n u i t y  from t e s t  
phase- to - tes t  phase. Departures from expected performance, even 
w e l l  w i t h i n  s p e c i f i c a t i o n  l i m i t s ,  a re  eva lua ted  i n  d e t a i l  and 
c o r r e c t i v e  a c t i o n s  a re  implemented. 

Two mob i le  vans equipped w i t h  t e s t  systems t o  per fo rm f a c t o r y  
t e s t s  f o l l o w s  t h e  space veh i c l e  t o  Rockwe l l ' s  acous t i cs  and 
thermal vacuum chamber environmental  t e s t  f a c i l i t i e s  l o c a t e d  
i n  t h e  Los Angeles area. 

A t  Rockwe l l ' s  Los Angeles Operat ion Acous t i c  Chamber, t h e  space 
v e h i c l e  i s  sub jec ted  t o  a broad spectrum o f  acous t i c  f requencies 
t o  s imu la te  t he  l i f t - o f f ,  boost ,  and separa t ion  environment.  
The thermal vacuum chamber a t  Rockwe l l ' s  Downey, C a l i f o r n i a ,  
ope ra t i on  s iumla tes  t h e  heat ,  co ld ,  and vacuum of space t o  
v e r i f y  assembly, workmanshi p  o f  space v e h i c l e  components. 

F igure  5 shows t h e  q u a l i f i c a t i o n  space v e h i c l e  i n  a  thermal 
vacuum chamber. Each i n d i v i d u a l  sub-system component i s  mounted 
on t h e  Space Veh ic le  thermal c o n t r o l  p l a t e s  and d r i v e n  t o  tem- 
pera tu res  exceeding o n - o r b i t  temperatures by 21°C f o r  qua1 i f i c a -  
t i o n  t e s t i n g  and 11°C f o r  acceptance t e s t i n g .  The thermal design 
o f  t h e  e n t i r e  spacec ra f t  i s  thus v a l i d a t e d  by thermal-vacuum 
t e s t i n g  i n  a  l a r g e  vacuum chamber w i t h  a t y p i c a l  t e s t  t ime  o f  
about 3 months. Each Rubidium c l o c k  i s  t u rned  on i n  a  programmed 
sequence t o  t e s t  s t a b i l i t y  a t  t h e  temperature extremes w i t h  t h e  
f o u r  d i f f e r e n t  sub-systems du r i ng  t h e  thermal vacuum t e s t s .  
These f o u r  sub-systems i n c l u d e  nav iga t i on ;  e l e c t r i c a l  power 
(N i  -Cd b a t t e r i e s )  ; a t t i t u d e  and v e l o c i t y  c o n t r o l  ; and t h e  
t e l eme t r y ,  t r a c k i n g ,  and command (F igu re  6 ) .  

A f t e r  t h e  complet ion o f  t h e  Thermal Vacuum Test ,  t h e  space 
v e h i c l e  i s  sh ipped t o  Rockwe l l ' s  Seal Beach Clean Room F a c i l i t y  
f o r  a s e r i e s  o f  f i n a l  t e s t s .  These t e s t s  i n c l u d e  t h e  miss ion  
p r o f i l e ,  space v e h i c l e ' s  s t a t i c  and dynamic balance and func- 
t i o n a l  t e s t s .  One o f  t he  key t e s t s  i s  t h e  s p i n  balance which 
i s  designed t o  make p r e c i s i o n  de te rmina t ions  o f  t h e  Space Veh ic le  
Mass P rope r t i es .  

A t  Vandenberg AFB, t h e  space v e h i c l e  i s  prepared f o r  launch by 
per forming s a t e l l i t e  and master c o n t r o l  L&S band RF l i n k  com- 



a t i b i l i t y  tests  and a simulated f l i g h t  and mission dress re- 
hearsal (Figure 7 ) .  Normal l y ,  one of three redundant Rubidium 
clocks i s  turned-on as a master clock fo r  the L-Band RF link 
compatibil i ty t e s t s .  The 5-Band l inks with the S a t e l l i t e  Control 
Fac i l i ty  located in Sunnyvale, Cal i fornia ,  a n d  i s  used as a down- 
l ink t o  receive the telemetry and other information from the 
s a t e l l i t e .  

SUMMARY 

I t  has been shown t h a t  the ro le  of automation i s  e ssen t ia l  in the 
development of a Space Qual i f ied  Test Program. Use of automation has 
been a key fac to r  in the success of the t e s t  program t o  date.  Because 
of the accelerated schedules and heavy demand on t e s t  systems, i t  i s  
highly unlikely t ha t  the present s t a t e  of development could have been 
achieved without automation techniques. Expertise in the f i e l d  of 
precision frequency and time measurements as well as  the capabi l i ty  
t o  in terface  special  t e s t  equipment w i t h  computer technology are 
essen t ia l  in meeting t e s t  requirements f o r  the space-qualified clocks. 
Automatic t e s t  systems have e s sen t i a l l y  provided unattended operation 
24 hours a day, thus reducing cost  and increasing productivi ty.  

The t e s t  program plays a major role in producing Rockwell International  
products f o r  Government contracts .  By employing a regimented type 
t e s t  program, i t  has been shown tha t  t e s t s  uncover l a t en t  f au l t s  
which otherwise may have gone undetected. The program has a l so  
demonstrated in te r face  compatibility among sub-systems. The use of 
well documented t e s t  procedures has provided uniform t e s t i ng  from 
location-to-location;  t e s t  personnel-to-test  personnel; and inspector- 
t o - i  nspector. 

In  conclusion, when involved in a major program such as GPS, a con- 
s iderable  amount of e f f o r t  i s  expended in t e s t s  and as such i s  
a key element i n  the success of the program. 
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QUESTIONS AND ANSWERS 

DR. VESSOT: 

If you could explain a little more about what I consider to be the 
most important test -- and that is the on-going operation of the 
clock and the monitoring of its operation for very, very long 
periods of time. Even though these are extreme stages of testing, 
in my opinion, you do not observe the clock operating for as long 
as you possibly can while it is in your possession before it goes 
into space. 

A lot o f  those long-term tests I feel are very minor. 

MR. KOIDE: 

The 1 ong-term tests uses trade-off schedules -- production schedule 
trade-offs. So, we felt that the long-term type testing will be 
the Allan variance test which will get out to 100,000 seconds. We 
get our data points up to about seven data points to give us some 
assurance of confidence that it has maintained this particular 
level of task. 

DR. VESSOT: 

This is not the kind of test I had in mind -- which is the test 
wherein you prove that this device is going to work for a period 
of several months while you still have it on the ground. A t  no 
time while it is in your possession, I feel, should you fail to 
take data from the clock in the operating condition. 

This is the clean shake, shock, vibration, thermal vac, and 
all the rest of it -- keep it running and monitor it. 

MR. KOIDE: 

Yes, we do have the acceptance level testing for the rubidium fre- 
quency standard. Once the rubidium frequency standard gets over 
to the factory test level and integrated into the space vehicle, 
you are primarily concerned with the interface compati bil ity be- 
tween systems. 

So, you do monitor all t h e  time -- you do the test while you 
are testing or monitoring the telemetry lines. You do a lot o f  
other types of tests, but is mainly for the interface compatibility 
of other systems. 



VESSOT: DR. 

MR. 

MR. 

Bu t  does t h a t  i n t e r f e r e  w i t h  t h e  frequency o r  t h e  s t a b i l i t y  t e s t i n g ?  

KOIDE: 

No, t h a t  i s  not  t h e  pr ime func t i on  when we g e t  i n t o  t h e  v e h i c l e  
t e s t i n g .  

VESSOT: 

I suggest t h a t  i s  a mis take;  t h a t  you c a n ' t  avo id  t h a t  i ssue  o f  
keeping an eye on t h e  p i ece  w h i l e  you s t i l l  have i t  as l ong  as you 
p o s s i b l y  can. 

KOIDE: 

Wel l ,  we t r y  t o  do t h a t .  We are t r y i n g  t o  s e t  up a  long- term t e s t ,  
a l i f e  t e s t  f o r  t h e  RFS and t h a t  i s  another  issue.  
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