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ABSTRACT 

The ever  inc reas ing  complexity of e l e c t r i c a l  networks 
combined wi th  t h e  inc reas ing  c o s t  of power l o s s e s  dur- 
ing  a  network f a i l u r e  has  l ed  pub l i c  u t i l i t i e s  t o  be- 
come equipped wi th  more powerful and p r e c i s e  t o o l s  f o r  
p inpoin t ing  t h e  causes of such a  f a u l t .  Hydro Quebec 
has developped and i s  now using a  t ime disseminat ion 
system which uses  a  modified I R I G  B code t ransmi t ted  
on i ts  own t e l ecomunica t ion  network. The reasons 
f o r  using such a system and t h e  way i t  was c a r r i e d  
o u t  a r e  d i s c r e t e ,  

INTRODUCTION 

After  a f a u l t  occur s  on a network it i s  a t  t i m e s  d i f f i c u l t  t o  r econs t i -  
t u t e  t h e  chain of even t s  without a  means of p r e c i s e l y  da t ing  each one 
of t hese  events .  I n  f a c t  when t h e  f a u l t  i s  s t ra ight forward  ( t h e  f a l l  
of a  t ransmission l i n e  o r  bu r s t ing  of a  t ransformer)  t h e  cause and thus  
t h e  remedy is easy t o  e s t a b l i s h .  I n  a  l o t  of cases  however t h e  s i tua -  
t i o n  i s  not  n e a r l y  s o  c l e a r  which leaves  t h e  a n a l y s t  wi th  a s e r i e s  of 
events  which a l l  took p lace  wi th in  a  few seconds o r  l e s s  (opening of a  
c i r c u i t  breaker ,  a l t e r n a t o r  t r i g g e r  o f f  e t c . )  without him being a b l e  t o  
determine p r e c i s e l y  t h e  cause o r  o r i g i n  of t hese  events .  

The p r e c i s e  da t ing  of each event has  proved t o  be an e f f e c t i v e  t o o l  i n  
e l imina t ing  any doubt i n  those  cases.  Indeed t h e  f a c t  of being a b l e  t o  
r e c o n s t i t u t e  t h e  order  of events  a l lows t o  recover  t h e  o r i g i n  and thus  
t h e  cause of t roub le  t o  be  pinpointed. 

I n  p r a c t i c e  each t r a n s p o r t  subs t a t ion  must t h e r e f o r e  have t h e  same time 
everywhere. The accuracy requi red  i s  i n  t h e  order  of 1 m s  o r  b e t t e r .  

Severa l  t e s t s  wi th  WWVB have proven t h a t  such exac t  t iming could not  be  
obtained,  not  t o  mention t h e  f a c t  t h a t  i n  t h e  no r th  e a s t  of Quebec and 
i n  Labrador t h e  VLF s t a t i o n  Rugby (uni ted  Kingdom) i n t e r f e r e s  wi th  t h a t  
of WWVB. 



HYDRO QUEBEC I R I G  B SYSTEM 

Hydro-Quebec has thus decided t o  synchronise its clocks using an I R I G  B 
code transmitted on its own telephone network. 
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A t  f i r s t  a 2 KHz ca r r i e r  (Figure 1 )  (TWG B2) was used i n  order t o  ob- 
t a in  a spectrum be t t e r  centered within the telephonic band (300 Hz - 
3 KHz). Closed loop measurements (go and return on the same telephone 
channel) have shown an excellent s t a b i l i t y  with t h i s  system (variations 
of l e s s  than 100 ps over 728 miles - Montreal Churchill). However mea- 
surements between two points (go only) have shown tha t  it i s  impossible 
t o  use such a method direct ly .  I n  f a c t  i t  was noticed tha t  the phase 
of the 2 KHz s i p a l  varied i n  a random fashion giving a var ia t ion of 
* 500 p s  of the loca l  hour a s  compared to the master clock and worse 
yet, that  a normal decoder could not read the code about 20% of the  
time. 
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After a study it was discovered tha t  t h i s  problem was re la ted t o  the 
use of SSB i n  the FDM microwave system. 
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I f  w e  s p l i t  t h e  I R I G  B s i g n a l  i n  a  Four ier  S e r i e s ,  each component 
fol lows the  equat ions of Figure 2 .  I f  A @  i s  t h e  phase d i f f e r e n c e  be- 
tween t h e  two l o c a l  o s c i l l a t o r s  of t h e  FDM t r a n s m i t t e r  and r ece ive r ,  
t h e  component w i l l  have a  phase s h i f t  equal  t o  A $ .  The r e s u l t a n t  from 
a l l  t hese  components g ives  a s i g n a l  which can be deformed, i nve r t ed  
e t c .  
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It was not iced  t h a t  i n  a  going and r e tu rn ing  s i g n a l  t h e  e r r o r  i n  t h e  
going s i g n a l  i s  almost exac t ly  co r rec t ed  by t h e  r e t u r n  e r r o r ;  thus  t h e  
idea o r i g i n a t e d  of s imulat ing a  r e t u r n  loca l ly .  For t h a t  purpose it 
was necessary t o  add a 1 KHz p i l o t  t o  t h e  T R I G  B2 code which i s  i n  
phase wi th  t h e  2 KHz c a r r i e r  of t h e  B2  code g iv ing  I R I G  B4  code 
(Figure 1).  
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I f  l o c a l l y  a t  t h e  a r r i v a l  we s p l i t  t h e  s i g n a l  by f i l t e r i n g  i t s  1 KHz 
and 2 KHz components, each one w i l l  have a  phase e r r o r  of A @ .  By mul- 
t i p l y i n g  t h e  l KHz component we o b t a i n  a  2 KHz s i g n a l  w i th  a  phase er- 
r o r  of 2 A@ which t h e r e  l o c a l l y  shows a phase d i f f e rence  A+ between 
t h e  two 2 KHz s igna l s .  
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FIGURE 3 

This  p a r t i c u l a r i t y  a l lows a c o r r e c t o r  t o  be developped a s  seen on t h e  
Figures 3 and 4. This appara tus  in t roduces  t h e  e r r o r  - A$ which now 
gives  u s  a convenient s igna l .  
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The r e c o n s t i t u t i o n  of a n  IRIG B 1  s i g n a l  ( c a r r i e r  a t  1 KHz) i s  then  as- 
sured by its a l l i e d  c i r c u i t r y  (Figure 5). 
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The appara tus  a l s o  incorpora tes  p r o t e c t i o n  a t  i ts  inpu t  and output  
which i s  necessary i n s i d e  a  high vo l t age  subs ta t ion .  

Severa l  measurements made i n  t h e  Montreal reg ion  and between Montreal 
and 7 I s l and  have shown t h e  q u a l i t y  of t h e  obtained r e s u l t s  (Figure 6). 

The method of measurements employed i s  shown on Figure 7. i 
The master clock used i s  a  rubidium c lock  loca ted  i n  Montreal. The ac- 
curacy of t h e  measuring c lock  i s  assured  by a  LORAN C rece iver .  
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Hydro-Quebec is p resen t ly  i n s t a l l i n g  a system based on a c e n t r a l i z e d  
master clock. A s m a l l  number of s l ave  clocks placed i n  some key a r e a s  
of t h e  network l i m i t s  t h e  number of necessary l i n k s  by avoiding t o  j o i n  
a l l  t h e  po in t s  t o  t h e  master clock and a l s o  a s su res  a permanent t ime 
code d i s t r i b u t i o n  i n  case  of a l i n k  break between t h e  master c lock  and 
a s l a v e  clock (Figure 8) .  

I n  J a r r y  S t a t i o n  we p lan  t o  have 3 c locks  with an automatic  Switch over  
based on a ma jo r i ty  dec is ion .  One of t h e  3 c locks  should be synchro- 
nized by GOES S a t e l l i t e .  
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QUESTIONS AND ANSWERS 

DR. BARTHOLOMEW: 

I would only observe that Hydro-Quebec, as  a public u t i l i t y ,  is  
not t o t a l l y  pre-occupied with f u e l  cos t  adjustments as  some of 
our loca l s  are.  


