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T h i s  s y s t e m  is  d e s i g n e d  to t r a n s f e r  p r e c i s i o n  time from t h e  

VAFB M a s t e r  T i m i n g  S y s t e m  t o  a  remote l o c a t i o n .  

F i g u r e  o n e  is  a b l m k  d i a g r a m  s h o w i n g  t h e  Master T i m i n g  S y s t e m ,  

t h e  Local I R I G  G S y s t e m ,  t h e  T r a n s m i  t / R e c e i v e  S y s t e m  a n d  t h e  

Remote I R I G  G S y s t e m .  Notice t h a t  t h e  t i m i n g  i s  t r a n s m i t t e d  t o  

t h e  remote s i t e  v i a  a n  R F  l i n k .  T h i s  method was c h o s e n  b e c a u s e  

of t h e  r o u g h  t e r r a i n  a t  VAFB. I n  other a p p l i c a t i o n s  l a n d  l i n e s  

c o u l d  be u s e d  i n  l i e u  of t h e  R F  l i n k .  

T h e  Master S y s  t e m  is d u a l  r e d u n d a n t  a n d  i t s  t i m e  b a s e  is a pa i r  

of Ces ium s t a n d a r d s  a l s o  i n  a d u a l  r e d u n d a n t  c o n f i g u r a t i o n .  

The  two t i m i n g  t e r m i n a l  g e n e r a t o r s  (TTG) i n  t h e  Kode Local 

S y s t e m  s y n c h r o n i z e  t o  t h e  time c o d e  s u p p l i e d  by t h e  Master 

S y s t e m .  T h e i r  o u t p u t s  a r e  moni tored by t h e  Fault Sense a n d  

S w i t c h i n g  u n i t .  T h i s  u n i t  a u t o m a t i c a l l y  s w i t c h e s  to t h e  

s e c o n d a r y  TTG i f  a f a i l u r e  i s  d e t e c t e d  i n  t h e  primary. T h e  

o u p u t s  of t h e  F a u l t  S e n s e  u n i t  d r i v e  t h e  D i s t r i b u t i o n  

Ampl i f i e r s  that b u f f e r  t h e  t i m i n g  s i g n a l s  f rom the s y s t e m  to  

t h e  l o c a l  u s e r s  and  t h e  T r a n s m i t  S y s t e m .  



The I R I G  G t r a n s m i t t e r  is a f u l l y  r e d u n d a n t  u n i t  wh ich  accepts 

t h e  IRIG-GO02 i n p u t ,  c o n v e r t s  i t  t o  B i -phase  m o d u l a t i o n ,  and  

a m p l i f i e s  i t  to a power l e v e l  of 40 watts at  a f r e q u e n c y  of 

1740  MHz.  The t r a n s m i t t e r  s y s t e m  c o n t a i n s  a s e p a r a t e  F a u l t  

S e n s i n g  and S w i t c h  Uni  t wh ich  m o n i t o r s  c r i  t i c a l  p a r a m e t e r s  of 

b o t h  t r a n m i t t e r s  and  s w i t c h e s  t o  t h e  s t a n d b y  u n i t  upon p r i m a r y  

s o u r c e  f a i l u r e .  The  T r a n s m i t t e r  o u t p u t  feeds a n  

o m n i d i r e c t i o n a l  a n t e n n a  t h r o u g h  a p r e s s u r i z e d  c o a x i a l  c a b l e .  

T h i s  a n t e n n a  r a d i a t e s  t h r o u g h o u t  t h e  e n t i r e  base as d o e s  t h e  

p r e v i o u s l y  e x i s t i n g  L O O  w a t t  I R I G  A T r a n s m i t t e r .  

A t  t h e  r e c e i v e  si tes, two 4 foot p a r a b o l i c  a n t e n n a s  a imed a t  

both the I R I G  G and  I R I G  A s o u r c e s  f e e d  a s p e c i a l  r e c e i v e r  

a s s e m b l y  t h r o u g h  i n d i v i d u a l  p r e s s u r i z e d  c o a x i a l  c a b l e s .  The 

r e c e i v e r s  c o n t a i n  f u l l y  i n d e p e n d e n t  d u a l  I R I G  G r e c e i v e r s  and 

one  I R I G  A r e c e i v e r .  The o v e r a l l  T iming  D i s t r i b u t i o n  

r e l i a b i l i t y  is a s s u r e d  by u s e  of t h i s  r e d u n d a n t  s y s t e m .  

The Remote Kode Sys t em a l so  c o n t a i n s  two TTG1s. T h e s e  TTGs 

e a c h  p h a s e  l o c k  t o  t h e  c o d e s  s u p p l i e d  by t h e  R F  r e c e i v e r s .  The 

o u t p u t s  of  t h e  TTG's are  m o n i t o r e d  by a n  i d e n t i c a l  F a u l t  S e n s e  

U n i t  which  a g a i n  p l a c e s  t h e  o u p u t s  o f  t h e  s e c o n d a r y  TTG o n  l i n e  

i n  t h e  e v e n t  of a f a i l u r e  i n  t h e  p r i m a r y  TTG. The D i s t r i b u t i o n  

A m p l i f i e r  f u r n i s h e s  b u f f e r e d  o u t p u t s  t o  t h e  remote u s e r s .  

The Local and  R e m o t e  S y s t e m s  are i d e n t i c a l  e x c e p t  that t h e  

L o c a l  Sys tem d o e s  n o t  c o n t a i n  t h e  r e c e i v e r  c h a s s i s .  



T h e  s y s t e m s  a re  e n c l o s e d  i n  a n  e q u i p m e n t  c a b i n e t  ( s e e  f i g u r e  3 )  

that c o n t a i n s  a Power C o n t r o l  P a n e l ,  t h e  t w o  T T G ' s ,  t h e  F a u l t  

S e n s e  u n i t ,  a S i g n a l  Bypass c h a s s i s  and  f i v e  D i s t r i b u t i o n  

A m p l i f i e r s  c h a s s i s .  

T h e  P m e r  C o n t r o l  P a n e l  c o n t a i n s  t h e  c i r c u i t  b r eake r s  fo r  t h e  

primary power and  a l s o  c o n t a i n s  t w o  h e a t  s e n s o r s ;  o n e  f o r  over 

h e a t i n g  a n d  o n e  f o r  f i r e .  

The  TTG's are  t h e  h e a r t  of t h i s  s y s  tern. T h e y  a r e  capable  af 

o p e r a t i n g  a s  s t a n d  a l o n e  time code g e n e r a t o r s .  I n  t h i s  mode 

they may be p r e s e t ,  s t o p p e d  and  s t a r t e d  and  h a v e  a d v a n c e / r e t a r d  

c o n t r o l s  that allow them t o  be m a n u a l l y  s y n c h r o n i z e d  t o  w i t h i n  

5 0  n a n o s e c o n d s .  T h e  time base is  d e r i v e d  f r o m  a n  i n t e r n a l  oven 

c o n t r o l l e d  q u a r t z  o s c i l l a t o r .  T h e  o u t p u t s  of t h e  TTG's inc1.ude 

f i v e  I R I G  t i m e  c o d e s ,  f o u r  s i n e  waves and vax ious decade pulse 

r a t e s .  

I n  the S y n c h r o n i z e d  G e n e r a t o r  mode t h e  TTG's phase l o c k  t o  t h e  

i n p u t  t i m e  code and  f r e q u e n c y  c o r r e c t  t h e  i n t e r n a l  osc i l . l a tor  

to  m a t c h  t h e  f r e q u e n c y  o f  the o s c i l l a t o r  t h a t  is g e n e r a t i n g  t h e  

i n p u t  c o d e ,  i n  t h i s  case t h e  Cesium s t a n d a r d s  i n  t h e  M a s t e r  

S y s  tem. 

The phase e r ro r  b e t w e e n  t h e  TTG a n d  t h e  i n p u t  code i s  resolved 

t o  less t h a n  1 0 0  n a n o s e c o n d s ,  t y p i c a l l y  7 0  n a n o s e c o n d s .  T h e  



f r e q u e n c y  er ror  is r e s o l v e d  t o  1 . 5  p a r t s  i n  1 0  lo and  c a n  

6 h a n d l e  f r e q u e n c y  e r r o r s  of  g r e a t e r  t h a n  1 p a r t  i n  1 0  . I n  

t h e  e v e n t  of i n p u t  c o d e  f a i l u r e  t h e  f r e q u e n c y  e r r o r  c o r r e c t i o n  

is c o n t i n u e d  u s i n g  t h e  last known c o r r e c t i o n  c o n s t a n t .  

The f r o n t  end  of t h e  TTG c o n t a i n s  s o p h i s t i c a t e d  error d e t e c t i o n  

l o g i c  a l l o w i n g  i t  t o  i g n o r e  f a u l t y  c o d e  d a t a  or i n c o r r e c t  c o d e  

f o r m a t s .  T h i s  l o g i c  a l s o  c o m p e n s a t e s  f o r  i n p u t  s i g n a l  

p r o p a g a t  i o n  d e l a y .  The d e l a y  i s  u s e r  p rogrammable  i n  100  

nanosecond  s t e p s  t o  a maximum of o n e  m i l l i s e c o n d .  

( F i g u r e  2 is  a s i m p l e  b l o c k  of a TTG). 

The F a u l t  S e n s e  u n i t  m o n i t o r s  t h e  o u t p u t s  of each of t h e  

TTG's. TTGA is d e s i g n a t e d  as t h e  p r i m a r y .  S h o u l d  c e r t a i n  of 

i ts  o u p u t s  f a i l ,  TTGB w i l l  be a u t o m a t i c a l l y  p l a c e d  o n  l i n e  

a s s u m i n g  t h a t  t h e r e  are no p r e - e x i s t i n g  f a i l u r e s  i n  TTGB. A l s o  

o n c e  TTGB h a s  b e e n  s e l e c t e d  TTGA c a n  n o t  be r e t u r n e d  t o  o n  l i n e  

u n t i l  i t  is d e t e r m i n e d  t o  be  e r r o r  f ree .  The c r i t e r i a  for  a u t o  

s w i t c h i n g  i n c l u d e  c o d e  a m p l i t u d e  and  r a t i o ,  s i n e  wave a m p l i t u d e  

and  i n p u t  c o d e  f a i l u r e .  Also moni t o r e d  a r e  b i  t e r r o r s  and  

p h a s e  e r rors  be tween  t h e  two TTG's. T h e s e  e r r o r s  d o  n o t  e n a b l e  

a u t o  s w i t c h i n g  i n  t h i s  s y s t e m  b e c a u s e  t h e  l a c k  of a t h i r d ,  o r  

r e f e r e n c e  i n p u t ,  p r e v e n t s  t h e  F a u l t  S e n s e  u n i t  f rom d e t e r m i n i n g  

wh ich  TTG is i n  e r ror .  

( S u b s e q u e n t  d e s i g n s  i n c o r p o r a t e  t h i s  f e a t u r e  w i t h  t h e  t h i r d  

i n p u t  b e i n g  l o g i c a l l y  s y n t h e s i z e d )  . 



The F a u l t  S e n s e  u n i t  a l s o  i n c o r p o r a t e s  a v e r y  f l e x i b l e  s e l f  

t e s t  p r o g r a m  w h i c h  allows t h e  u s e r  t o  s i m u l a t e  any of t h e  

p o s s i b l e  TTG f a i l u r e  modes.  The  F a u l t  S e n s e  u n i t  w i l l  i n  e v e r y  

way r e s p o n d  t o  t h e  s i m u l a t e d  f a u l t s  a s  i f  t h e y  were c a u s e d  by 

t h e  TTG ( s )  . T h i s  f e a t u r e  a l l o w s  s o p h i s t i c a t e d  d i a g n o s t i c  

t e s t i n g  t o  b e  r u n  pr ior  t o  times of a n t i c i p a t e d  c r i t i c a l  t i m i n g  

n e e d s .  

The I R I G  G S y s t e m  a l s o  i n c l u d e s  a  S i g n a l  B y p a s s  c h a s s i s .  T h i s  

d e v i c e  a l l o w s  t h e  t i m e  c o d e  o u t p u t s  f r o m  a u s e r  selected TTG t o  

b e  a p p l i e d  t o  t h e  D i s t r i b u t i o n  A m p l i f i e r  i n p u t s .  T h i s  f e a t u r e  

a l l o w s  t h e  F a u l t  S e n s e  u n i t  t o  be removed f o r  m a i n t e n a n c e  and 

s t i l l  s u p p l y  t i m i n g  t o  t h e  u s e r s .  

The r e m a i n d e r  o f  t h e  s y s t e m  is  d e d i c a t e d  t o  t h e  f i v e  

D i s t r i b u t i o n  A m p l i f i e r  c h a s s i s .  Each c h a s s i s  w i l l  h a n d l e  u p  t o  

30 c h a n n e l s  of AC or DC a m p l i f i e r s .  The  i n p u t s  t.o e a c h  

a m p l i f i e r  are u s e r  p r o g r a m m a b l e  f rom one  o f  f i v e  i n p u t  

s o u r c e s .  The a m p l i f i e r s  a re  w i d e  band a n d  w i l l  b u f f e r  a n y  of 

t h e  a v i a l a b l e  TTG o u t p u t  s i g n a l s .  These s i g n a l s  r a n g e  f r o m  the 

I R I G  H t i m e  c o d e  m o d u l a t i n g  a  lKHz c a r r i e r  u p  t o  a lMHz s i n e  

wave. E a c h  a m p l i f i e r  is  t h o r o u g h l y  p r o t e c t e d  f r o m  s h o r t  

c i r c u i t s  t o  e i t h e r  g r o u n d ,  a n o t h e r  a m p l i f i e r ,  or a v o l t a g e .  I n  

t h e  u n l i k e l y  e v e n t  that  a n  a m p l i f i e r  is damaged,  t h e  i s o l a t i o n  

between a m p l i f i e r s  is  s u c h  t h a t  any of the other c h a n n e l s  w i l l  

n o t  be a f f e c t e d .  



I n  summary t h e s e  sys  terns provide a method of t r a n s f e r r i n g  t i m e  

de r ived  f r o m  Cesium time s tandards t o  remote loca t ions .  The 

timing a c c u r a c y  p rov ided  approaches t h e  a c c u r a c y  of the C e s i u m  

standard o v e r  a l o n g  period of t i m e  and a l s o  provides a wide 

v a r i e t y  of v e r y  r e l i a b l e  timing s i g n a l s  to the users. 
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QUESTIONS AND ANSWERS 

None f o r  Paper #21.  




