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I IB  STRACT 

Thi.s pape r  d e s c r i b e s  a r edundan t  f r e q u e n c y  and t ime  
d i s t r i b u t i o n  sys tem p r o v i d i n g  a m u l t i p l i c i t y  of 
i s o l a t e d  o u t p u t s ,  a l l  of which a r e  d e r i v e d  from t h r e e  
a t o m i c  f r e q u e n c y  s t a n d a r d s .  The d i s t r i b u t i o n  sys t em 
m o n i t o r s  i n p u t  p a r a m e t e r s  of t h e  s i g r r a l s  coming from 
t h e  Cesium S t a n d a r d s  arid s e l e c t s  one t o  be t h e  p r imary  
s t a n d a r d ,  phase  l o c k s  an i n t e r n a l  o s c i l l a t o r  which has  
e x c e l l e n t  a g i n g  c h a r a c t e r i s t i c s  i n  t h e  open l o o p  [node 
and a c t s  a s  a f i l t e r  t o  p r o v i d e  phase n o i s e  
improvement,  and g e n c r a t e s  1 megahe r t z  and 100 kHz by 
d i r e c t  s y n t h e s i s .  

A d d i t i o n a l l y ,  t h e  sys t em d i s t r i b u t e s  RF and t i m i n g  
s i g n a l s  c o n s i s t i n g  of  5 MHz, 1 MHz, 100 kHz, R C D  
Time-of-Day, 1  pps  and 1  ppm. 

INTRODUCTION 

Modern submar ines  u s e  a m u l t i t u d e  of f r equency  s t a n d a r d s  f o r  n a v i g a t i o n ,  
m i s s i l e  g u i d a n c e ,  commtl t~ ica t ions  and t ime-keeping  p u r p o s e s .  I t  h a s  
become n e c e s s a r y  t o  d e v e l o p  a s i g n a l .  p r o c e s s i n g  a n d  d i s t r i b u t i o n  u n i t  
which  a c c e p t s  t h e  i n p u t  s i g n a l s  from t h e  p r imary  s t a n d a r d s ,  p r o v i d e s  
r e a d o u t s  of  s i g n a l  i n t e g r i t y ,  improves  s i g n a l  c h a r a c t e r i s t i c s ,  and 
d i s t r i b u t e s  t h e  s i g n a l s  t o  v a r i o u s  u s e r s  on t h e  b o a t .  The 
SA-2239/WLQ-4(V) T i m e  S t a n d a r d  S e l e c t o r  Un i t  pe r fo rms  t h e s e  f u n c t i o n s  
u t i l i z i n g  r edundan t  hardware  w i t h  automatic s w i t c h o v e r  t o  maximize 
r e l i a b i l i t y  and e l i m i n a t e  s i n g l e  p o i n t  f a i l u r e s .  The sys t em i s  
q u a l i f i e d  t o  o p e r a t e  i n  a submar ine  envi ronment  and h a s  b a t t e r y  backup 
p r o v i d i n g  t h i r t y  m i n u t e s  of o p e r a t i o n  d u r i n g  a c  mains f a i l u r e .  

SYSTEM DESCRIP'TION 

The C u t t y  S a r k  sys t em c a n  bc s p l i t  i n t o  t h r e e  tnajor subsys t ems .  The 
f i r s t  is  t h e  RF p r o c e s s i n g  and d i s t r i b u t i o n  sys t em,  t h e  second i s  t h e  
t i m e k e e p i n g ,  t e s t  arid d i s t r i b u t i o n  sys t em,  and t h e  t h i r d  is  power 
g e n e r a t i o n  and d i s t r i b u t i o n .  Tab le  1 i t e m i z e s  t h e  v a r i o u s  i n t e r f a c e  
s i g n a l s  of  t h e  s A - ~ ~ ~ ~ / w L Q - ~ ( V ) ,  The t h r e e  Cesium S t a n d a r d s  s u p p l y  
5 MHz, 1 PPS, 1 PPM, BCD Time-Of-Day ( T O D ) ,  and a S t a n d a r d  f a u l t  s i g n a l .  



A d d i t i o n a l  1 PPS and TOD i n p u t s  a r e  f e d  from t h e  Navigat ion Center  and 
Time Code Genera to r  (TCG). Twenty-four sinewave s i g n a l s ,  twelve t iming 
p u l s e s ,  and s i x  TOD o u t p u t s  are genera ted .  

RF D i s t r i b u t i o n  

F i g u r e  1 i s  a block diagram of t h e  RF d i s t r i b u t i o n  system. Three 5 MHz 
s i g n a l s  a r e  accep ted  from t h e  Cesium Standards  and feed  f a s t  f a u l t -  
d e t e c t o r  c i r c u i t s  which d e t e c t  a dropout of a  s i g n a l  and swi tch  over  t o  
a s tandby  i n p u t  wi thout  i n t r o d u c i n g  a phase s h i f t  i n  t h e  system o u t p u t  
s i g n a l  exceeding 90'. The phase p e r t u r b a t i o n  i s  r e l a t i v e l y  slow so ;as 
n o t  t o  u p s e t  u s e r  equipment. The 5 MHz i n p u t  is m u l t i p l i e d  t o  30 MHz 
and f a u l t  d e t e c t e d .  The d e t e c t i o n  c i r c u i t r y  s e n s e s  a  f a i l u r e  w i t h i n  one 
c y c l e  a t  30 MHz. The 30 MHz s i g n a l  then  passes  through a h igh  speed,  
h i g h  i s o l a t i o n  diode switch.  The o u t p u t s  from t h e  t h r e e  I n p u t  Modules 
a r e  combined a t  t h e  i n p u t  t o  t h e  two phase locked o s c i l l a t o r s .  A 30 MHz 
narrow band f i l t e r  p rov ides  a  f lywhee l  e f f e c t  e l i m i n a t i n g  s i g n a l  dropout 
and a  h i g h  speed comparator c o n v e r t s  t h e  sinewave t o  a TTL l e v e l .  A 
divide-by-s ix  c i r c u i t  p rov ides  5 MHz which phase l o c k s  a low n o i s e  VCXO. 
The o s c i l l a t o r  p rov ides  r e j e c t i o n  t o  s p u r i o u s  s i g n a l s ,  improves the 
phase n o i s e  f l o o r  and a c t s  a s  a redundant s i g n a l  source  i n  t h e  even t  of 
E a i l u r e  o r  removal of t h e  primary i n p u t s .  The o s c i l l a t o r  ou tpu t  f e e d s  a  
f requency  d i v i d e r  subassembly g e n e r a t i n g  1 MHz and 100 kHz. These 
s i g n a l s  a r e  f i l t e r e d  t o  provide sinewaves and a r e  fed t o  a  t h r e e  channel  
d r i v e r  a m p l i f i e r  which boos t s  t h e  s i g n a l  l e v e l  f o r  d r i v i n g  t h e  ou tpu t  
a m p l i f i e r s .  S ince  t h e r e  a r e  twenty-four RF o u t p u t s  each at: a l e v e l  of 
+27 dBm, i t  i s  necessa ry  t o  d e s i g n  t h e  ou tpu t  a m p l i f i e r s  w i t h  h i g h  
e f f i c i e n c y  t o  minimize power d r a i n  and permit  c o o l e r  system o p e r a t i o n .  
Thus a  Class  C c o n f i g u r a t i o n  is  chosen w i t h  hybr id  coupled a m p l i f i e r s  
used t o  provide improved o p e r a t i n g  parameters .  

Time D i s t r i b u t i o n  System 

The D i g i t a l  System, shown i n  F igure  2 ,  a c c e p t s  t h r e e  1 PPS and 1 PPM 
i n p u t s  from t h e  Cesium Standards .  These s i g n a l s  a r e  f a u l t  d e t e c t e d ,  
s e l e c t e d ,  and a m p l i f i e d .  Redundant ou tpu t  a m p l i f i e r s  a r e  s e l e c t e d  autlo- 
m a t i c a l l y  o r  manually. An a d d i t i o n a l  f u n c t i o n  of t h e  SA-2239/WLQ-4('V) 
i s  t o  check and compare 1 PPS and TOD which i s  i n p u t t e d  from t h e  Cesium 
S t a n d a r d s ,  Time Code G e n e r a t o r ,  and t h e  Naviga t ion  Center .  Once a  par- 
t i c u l a r  source  is s e l e c t e d  as t h e  primary s o u r c e ,  a l l  o t h e r  i n p u t s  a r e  
compared t o  t h a t  s i g n a l  and t h e  i n f o r m a t i o n  is  p r e s e n t e d  on t h e  f r o n t  
panel .  Time co inc idence  e r r o r s  i n  t h e  l e a d i n g  edge of t h e  1 PPS o r  1 
PPM s i g n a l s  of g r e a t e r  t h a n  200 microseconds t r i g g e r  an a larm c o n d i t i o n .  

Power Management 

The Cut ty  Sark requ i rements  p r e s e n t  a  unique s e t  of o p e r a t i n g  
c o n s t r a i n t s  r e g a r d i n g  t h e  g e n e r a t i o n  and d i s t r i b u t i o n  of dc power 
i n t e r n a l  t o  t h e  c h a s s i s .  Power source  p r i o r i t i e s  a r e  e x t e r n a l  ac ;  



e x t e r n a l  d c ;  and i n t e r n a l  b a t t e r y .  When o p e r a t i r l g  on b a t t e r y ,  
n o n - c r i t i c a l  c i r c u i t s  a r e  d i s a b l e d  b u t  f r o n t  p a n e l  d i s p l a y s  can  be  
m a n u a l l y  e n a b l e d .  h e  t o  t h e  t i g h t  packaging  d e n s i t y  and i n t e r n a l  power 
d i s s i p a t i o n  of 120 w a t t s ,  a low-noise (RF and a c o u s t i c a l )  f a n  c i r c u l a t e s  
a i r  t h r o u g h o u t  t h e  c h a s s i s .  The sys t em i s  d e s i g n e d  t o  o p e r a t e  w i t h o u t  
e x t e r n a l  c o o l i n g  a l t h o u g h  r a c k  c o o l i n g  i s  n o r m a l l y  p rov ided  i n  t h e  
submar ine  env i ronmen t .  To minimize power d i s s i p a t i o n ,  r edundan t  dc t o  
d c  s w i t c h i n g  r e g u l a t o r s  and power s u p p l i e s  a r e  u t i l i z e d .  On board  
l i n e a r  r e g u l a t i o n  i s  p rov ided  f o r  t h o s e  c i r c u i t s  which c a n n o t  t o l e r a t e  
25  kHz s w i t c h i n g  t r a n s i e n t s .  Each module i s  RFI f i l t e r e d  wi th  low p a s s  
f i l t e r s  hav ing  a 5 kHz bandwidth.  C o a x i a l  l i n e  f i l t e r s  a r e  used  a t  t h e  
ac and d c  i n p u t  i n t e r f a c e .  The e n t i r e  package i s  R F L  s h i e l d e d  t o  meet 
t h e  r e q u i r e m e n t s  of  MIL-STD-461A. I n t e r n a l  t e m p e r a t u r e  i s  mon i to red  f o r  
p r e s e n t a t i o n  on t h e  f r o n t  p a n e l  t e s t  me te r .  

C I R C U I T  DESCRIPTION 

The Cutty S a r k  m i s s i o n  r e q u i r e m e n t s  of  non-dropout i r ~ p u t  s w i t c h o v e r ,  
m u l t i p l e  4-27 dBm o u t p u t s  w i t h  low s o u r c e  VSWR, and c o n t i n u o u s  
compar i son  of m u l t i p l e  t iming  i n p u t s  r e q u i r e d  t h e  development of s e v e r a l  
u n i q u e  c i r c u i t s .  The f o l l o w i n g  p a r a g r a p h s  d i s c u s s  s p e c i f i c  c i r c u i t s  
deve loped  t o  meet t h e s e  g o a l s .  

I n p u t  P r o c e s s i n g  

The i n p u t  module s e n s e s  t h e  i n t e g r i t y  of  t h e  Cesium S t a n d a r d  output: 
s i g n a l s  and s w i t c h e s  ove r  t o  s t a n d b y  i n p u t s  i n  t h e  e v e n t  of  f a i l u r e .  
T h r e e  i n p u t  modules a r e  u t i l i z e d ,  one f o r  e a c h  a tomic  s t a n d a r d .  As  
shown s c h e m a t i c a l l y  i n  F i g u r e  3 t h e  5 MHz i n p u t  i s  a m p l i f i e d  by QI a n d  
t h e n  m u l t i p l i e d  by s i x  wTth Q2. The 30 megacycle  s i g n a l  p a s s e s  t h rough  
a h i g h  i s o l a t i o n  switch which h a s  a n  on t o  o f f  r a t i o  of 120 dB and a 
s w i t c h i n g  speed  of 30 nanoseconds .  F a u l t s  a r e  d e t e c t e d  bo th  a t  5 MHz 
and 30 MHz. These d e t e c t o r s  p r o v i d e  a s w i t c h o v e r  command i n  l e s s  t h a n  
20  nanoseconds  i f  t h e  i n p u t  s i g n a l  a m p l i t u d e  f a l l s  below +10 dHm. The 
t h r e e  module o u t p u t s  a re  combined a f t e r  s e l e c t i o n  by t h e  h i g h  i s o l a t i . o n  
s w i t c h .  O n l y  one  o f  t h e  t h r e e  i n p u t s  i s  s e l e c t e d  a t  a g i v e n  t ime .  
F a i l u r e  i s  d e t e c t e d  and s w i t c h o v e r  o c c u r s  i n  l e s s  than  one c y c l e  at: 30 
megahe r t z  which c o r r e s p o n d s  t o  60"  a t  5 MHz. T h e  s e l e c t e d  30 MHz s i g n a l  
passes t h r o u g h  a na r row band LC f i l t e r  and i s  d i v i d e d  by s i x  i n  t h e  
p h a s e  l o c k e d  o s c i l l a t o r  t o  r e s t o r e  5 MHz.  The pu rpose  o f  t h e  
m u l t i p l i e r ,  f i l t e r ,  h igh speed  s e n s i n g  c i r c u i t ,  and h i g h  i s o l a t i o n  
s w i t c h  is  t o  e n a b l e  s e l e c t i o n  of t h e  s t a n d b y  p a s s  w i t h o u t  i n t e r r u p t t o n  
o f  t h e  o u t p u t  s i g n a l  and with a phase p e r t u r b a t i o n  of less than  90 
degrees. 

F i g u r e  4 i s  t h e  schemat i c  d iagram of t h e  1 PPM t iming  f a u l t  d e t e c t i o n  
c i r c u i t  i n  t h e  i n p u t  module. The + l O V  input: p u l s e  i s  a t t e n u a t e d  by a 
f a c t o r  of two and f e e d s  one-shot  m u l t i v i b r a t o r  U 1  whose o u t p u t  i s  a 3 
m i l l i s e c o n d  wide p u l s e  a t  a rate of  1 PPM. T h i s  s i g n a l  f e e d s  t i m e r  U2 



which is  conf igured  as a  r e t r i g g e r a b l e  one-shot wi th  a t ime c o n s t a n t  of 
s i x t y - f i v e  seconds.  A p u l s e  dropout  c a u s e s  an a larm s i g n a l  which is 
summed wi th  t h e  o t h e r  module a larms.  A composite alarm s i g n a l  i s  thus  
genera ted  which s e l e c t s  t h e  a p p r o p r i a t e  cesium s t a n d a r d  i n p u t .  F a u l t  
d e t e c t i o n  of t h e  1 PPS and BCD i n p u t s  is accomplished i n  a s i m i l a r  
manner w i t h  t h e  r e t r i g g e r a b l e  one-shot time c o n s t a n t  set t o  be 10% 
g r e a t e r  t h a n  t h e  i n p u t  s i g n a l  pe r iod  i n  each case. Th is  system i s  
r e l a t i v e l y  s t r a i g h t f o r w a r d  but  a  f a i l u r e  occurrence may n o t  be d e t e c t e d  
f o r  approx imate ly  one p u l s e  r e p e t i t i o n  per iod  i f  t h e  f a i l u r e  occurs  
immediate ly  a f t e r  a t r i g g e r i n g  p u l s e  sets t h e  one s h o t .  Th i s ,  however, 
i s  s u f f i c i e n t  s i n c e  o t h e r  a larm s i g n a l s  w i l l  g e n e r a l l y  f l a g  a  p a r t i c u l a r  
f a i l u r e  c o n d i t i o n  b e f o r e  t h e  d i g i t a l  d e t e c t o r s .  Each module has an 
independent  LED i n d i c a t o r  showing module s t a t u s .  These i n d i c a t o r s  a r e  
i l l u m i n a t e d  when a module f a i l u r e  occurs .  A d d i t i o n a l l y ,  a  f r o n t  panel  
summary Eaul t i n d i c a t o r  a l e r t s  t h e  o p e r a t o r  t o  a p a r t i c u l a r  a la rm 
c o n d i t i o n .  

F i g u r e  5 shows t h e  mechanical  c o n s t r u c t i o n  of t h e  i n p u t  module. 
Independen t ly  s h l e l d e d  compartments a r e  used f o r  t h e  d i f f e r e n t  f u n c t i o n s  
and dc power is  R F I  f i l t e r e d  a t  s e c t i o n  i n t e r f a c e s  t o  main ta in  a  h i g h  
degree  of i s o l a t i o n  between RF s e c t i o n s  and KP t o  power c a r r y i n g  l i n e s .  

RF A m p l i f i c a t i o n  

The f o u r  channe l ,  5 MHz a m p l i f i e r  shown i n  F igure  6 was developed 
s p e c i f i c a l l y  f o r  t h e  Cut ty  Sark d i s t r i b u t i o n  system. The two major 
d e s i g n  c h a r a c t e r i s t i c s  a r e  a c o l l e c t o r  e f f i c i e n c y  of 72%, and a c o n s t a n t  
low ou tpu t  VSWK over  a  broad range of f r e q u e n c i e s .  The f i r s t  goa l  is 
accomplished through Class C o p e r a t i o n .  The r e s u l t a n t  h igh  l e v e l  of 
harmonics are reduced t o  40 dB t o  below t h e  c a r r i e r  with LC ou tpu t  
f i l t e r i n g  . Each a m p l i f i e r  uses  two q u a d r a t u r e  hybr id  coupled 
t r a n s i s t o r s  t o  minimize t r a n s i s t o r  power d i s s i p a t i o n  and p rov ide  a 
c o n s t a n t  i n p u t  and ou tpu t  VSWR. Since  t h e  t r a n s i s t o r s  a r e  e s s e n t i a l l y  
o p e r a t i n g  i n  a swi tch ing  mode dur ing  C l a s s  C o p e r a t i o n ,  t h e y  p r e s e n t  
i d e n t i c a l  impedances t o  t h e  i s o l a t e d  p o r t s  of t h e  h y b r i d s  and any 
r e f l e c t e d  power is  absorbed i n  t h e  hybr id  50 ohm t e r m i n a t i n g  l o a d s .  
Hence t h e  o v e r a l l  a m p l i f i e r  i n p u t  and ou tpu t  impedances i s  50 ohms -t 10% 
over  a 10% bandwidth. The hybr id  i s  implemented as two 90 degree  p h a s e  
s h i f t  low pass s e c t i o n s  which a r e  c a p a c i t i v e l y  coupled.  The b a s i c  d e s i g n  
of t h e  1 MHz and 100 kHz a m p l i f i e r s  is i d e n t i c a l  t o  t h e  5 MHz u n i t .  A 
sample of each  RF ou tpu t  i s  f e d  t o  a d iode  d e t e c t o r  and low l e v e l  
s e n s i n g  comparator c i r c u i t .  The comparator o u t p u t s  a r e  wire-or 'd t o  
p r e s e n t  a s i n g l e  l o g i c a l  ze ro  i n  t h e  even t  of f a i l u r e  of any a m p l i f i e r .  
High c u r r e n t  PIN d i o d e s  a t  each a m p l i f i e r  ou tpu t  enab le  t h e  a p p r o p r i a t e  
a m p l i f i e r  o u t p u t s  upon command from t h e  fault: l o g i c  p r i o r i t y  c i rcu : i t .  
F i g u r e  7 shows t h e  5 MHz a m p l i f i e r  package. S ince  a  h i g h  degree  of 
i s o l a t i o n  i s  n o t  r e q u i r e d  between t h e  a c t i v e  s t a g e s  a  s i n g l e  non- 
enc losed  double-sided PC board w i t h  a con t inuous  ground plane i s  
u t i l i z e d  f o r  t h e  s t r u c t u r e .  



Time-of-Day and 1 PPS Comparison 

The system a c c e p t s  f i v e  independent  time-of-day (TOD) i n p u t s .  Four a r e  
24 b i t  BCD codes  from the  t h r e e  Cesium S t a n d a r d s  and t h e  Navigat ion 
C e n t e r  and t h e  f i f t h  i s  a 2137 code from a  t ime code g e n e r a t o r .  The 
2137 code i s  an ampl i tude  modulated 1 kHz sinewave c o n s i s t i n g  of 20 b i t s  
o f  TOD at: a 25 PPS p u l s e  r a t e .  Four of t h e  TOD i n p u t s  a r e  compared t o  
t h e  f i f t h  which i s  manually o r  a u t o m a t i c a l l y  s e l e c t e d  as t h e  primary TOD 
i n p u t .  The 2137 i n p u t  i s  normal ized t o  24 b i t s  by a pu l se  i n j e c t i o n  
t e c h n i q u e  and t h e  ampl i tude  i s  s h i f t e d  f o r  c o m p a t i b i l i t y  w i t h  the  BCD 
s i g n a l s .  The f o u r  TOD p u l s e  t r a i n s  a r e  then compared on a bit: by b i t  
b a s i s  w i t h  t h e  primary.  Any d e v i a t i o n  of more than 2 m i l l i s e c o n d s  
g e n e r a t e s  a  f r o n t  panel  alarm and remote a larm o u t p u t .  The o p e r a t o r  can 
t h e n  s e q u e n t i a l l y  d i s p l a y  t h e  f i v e  TOD's t o  de te rmine  the e r r o r  l o c a t i o n  
and magnitude . 
The 1 PPS i n p u t s  from t h e  f i v e  s o u r c e s  a r e  s i m i l a r l y  compared t o  
d e t e r m i n e  l e a d i n g  edge co inc idence .  An o f f s e t  of more than 200 micro- 
seconds  t r i g g e r s  an  alarm. Time c o i n c i d e n c e  is  measured by coun t ing  
p u l s e s  genera ted  from a 1  MHz s i g n a l  de r ived  from t h e  s e l e c t e d  primary 
i n p u t .  

The d i s p l a y  s e c t i o n  u s e s  a s i x  d i g i t  numeric LED i n d i c a t o r  which 
i n d i c a t e s  TOD o r  1 PPS c o i n c i d e n c e  w i t h  a  r e s o l u t i o n  of 50 nanoseconds.  
A s e r i a l  t o  p a r a l l e l  c o n v e r t e r  and s t o r a g e  r e g i s t e r  d r i v e s  t h e  d i s p l a y .  
I n f o r m a t i o n  is updated every  second. 

Power S p l i t t e r s  

The 5 MHz, 1 MHz and 100 kHz o u t p u t s  from t h e  SA-2239lWLQ-4(V) feed  
power s p l i t t e r s  which p rov ide  t e n  i s o l a t e d  o u t p u t s  f rom one o u t p u t .  The 
s p l i t t e r s  have 12  dB of i n s e r t i o n  l o s s ,  i s o l a t i o n  i n  excess of 40 dB 
from dc t o  500 megaher tz ,  and a  VSWR of 1.3 t o  1 maximum. A s  was 
d i s c u s s e d  i n  t h e  s e c t i o n  RE: A m p l i f i c a t i o n ,  the  ou tpu t  VSWR of  t h e  system 
i s  h e l d  t o  1 .10: l  over a t en  pe rcen t  bandwidth i n  o r d e r  t o  p rov ide  a 
p r o p e r  source  impedance f o r  t h e  power s p l i t t e r s .  T h i s  i s  n e c e s s a r y  t o  
i n s u r e  t h a t  t h e  i s o l a t i o n  requ i rement  i s  met. Outs ide  of 10% band 
ex t remes ,  t h e  i s o l a t i o n  between o u t p u t s  i s  mainta ined by two-pole LC 
f i l t e r s  on each  o u t p u t  p o r t .  These f i l t e r s  have 60 dB of a t t e n u a t i o n  a t  
t h e  f r e q u e n c i e s  where t h e  i n h e r e n t  power s p l i t t e r  i s o l a t i o n  p r o p e r t i e s  
a r e  no l o n g e r  e f f e c t i v e .  F i g u r e  8 i s  a  view of t h e  power s p l i t t e r  
showing t h e  f i l t e r i n g  components and F i g u r e  9 shows t h e  o v e r a l l  power 
s p l i t t e r  e n c l o s u r e .  In  c o n j u n c t i o n  wi th  t h e  power s p l i t t e r s ,  a s i n g l e  
C u t t y  Sark  s w i t c h  i s  capab le  of supp ly ing  150 5 MHz o u t p u t s ,  30 1 MHz 
o u t p u t s ,  and 30 100 kHz o u t p u t s  a t  a l e v e l  of +13 dSm. P h y s i c a l l y  
i d e n t i c a l  power s p l i t t e r s  a r e  used f o r  d i s t r i b u t i o n  of 1 MHz and 100 
kHz. A s  shown i n  the  f i g u r e s  t h e  modules a r e  po t t ed  t o  reduce v i b r a t i o n  
induced n o i s e  and s idebands .  



MECHANICAL PACKAGING 

F igu re s  10, 11 and 12 show var ious  e x t e r n a l  views of t he  Cutty Sark 
D i s t r i b u t i o n  System. A s  seen i n  Figure 12, the  t o p  view, high d e n s i t y  
packaging is  necessary  t o  provide t he  requi red  func t ions  i n  a  s i n g l e  
r ack  panel assembly. Since t h e  u n i t  d i s s i p a t e s  120 w a t t s  i n  t he  AC mode 
o f  ope ra t i on ,  the  subassemblies a r e  heatsunk t o  the  main c h a s s i s  and a i r  
f low is  provided by a high volume fan. Each module and subassembly is 
d i r e c t l y  removable from the  t op  without d i s tu rb ing  o the r s .  The modules 
have alarm ove r r ide  switches which enable  the  module t o  be turned of f  t o  
conserve power when c e r t a i n  ou tputs  a r e  no t  needed apd yet  not  c r e a t e  an 
alarm condi t ion .  A v i s u a l  LED i n d i c a t o r  on the  t op  of each module 
i n d i c a t e s  module f a i l u r e .  The t h r e e  redundant input  modules a r e  seen i n  
t h i s  Figure a s  a r e  t h e  two VCXO's and var ious  ampl i f i e r  boards. With 
t h e  except ion of t he  b a t t e r y  and time d i sp l ay  c i r c u i t r y ,  every module is  
redundant and switchover t o  a  s tandby module is  accomplished 
au tomat ica l ly .  The e n t i r e  c h a s s i s  i s  of mi l led  cons t ruc t ion  to  meet the  
s t r i n g e n t  naval shock and v i b r a t i o n  requirements.  The e n t i r e  assembly 
weight 68 pounds. 

CONCLUSION 

This  paper desc r ibes  the main f e a t u r e s  of the Cutty Sark D i s t r i b u t i o n s  
System. The EW and timing d i s t r i b u t i o n  system a r e  discussed and a 
d e t a i l e d  d e s c r i p t i o n  of t h r e e  unique func t iona l  blocks is  presented.  
The mechanical package is  photographica l ly  shown and the  design of the 
a u x i l i a r y  CU-2253/U 1 x  10 power s p l i t t e r  i s  descr ibed.  




























