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ABSTRACT 

As a power u t i l i t y ,  ~ y d r o - ~ u g b e c  used  t h e  PTTI t e c h n i q u e s .  The t i m e  
d i s s e m i n a t i o n  s y s t e m  i n  t h e  ~ y d r o - ~ u g b e c  Network ( 1 1 t h  PTTI) i s  now in -  
s t a l l e d  i n  s e v e r a l  p o i n t s .  

We have  s i n c e  b u i l t  a p o r t a b l e  c l o c k  u s i n g  a  rub id ium s t a n d a r d  and 
a s s o c i a t e d  c i r c u i t r y  (a m i c r o p r o c e s s o r  IRIG B r e a d e r - g e n e r a t o r ,  t ime  
i n t e r v a l  c o u n t e r ,  t i m e  a c c u m u l a t o r  e t c . )  which a r e  n e c e s s a r y  f o r  o u r  
measurement .  The a r t i c l e  d e s c r i b e s  t h e  a p p a r a t u s  and t h e  e x p e r i m e n t a l  
r e s u l t s  o b t a i n e d .  

We have  a l s o  used  GOES s y n c h r o n i z e d  c l o c k s  f o r  making p r e c i s e  v o l t -  
age  a n g l e  measurement  on t h e  ~ y d r o - ~ u g b e c  Network. Some m o d i f i c a t i o n s  
have  been made on a commercial u n i t .  A p p l i c a t i o n s  and r e s u l t s  w i l l  be  
p r e s e n t e d .  

I INTRODUCTION 

As a  Power U t i l i t y ,  ~ ~ d r o - ~ u g h e c  s h o u l d  u s e  a l l  f a c i l i t i e s  a v a i l a b l e  t o  
r e d u c e  o u t a g e  p r o b a b i l i t i e s .  We a r e  p r e s e n t l y  working on two main PTTL 
a p p l i c a t i o n s :  t i m e  d i s s e m i n a t i o n  f o r  e v e n t  r e c o r d i n g  p u r p o s e s  and a n g l e  
measurement  of  a  60 Hz v o l t a g e .  

The f i r s t  one was d e s c r i b e d  i n  more d e t a i l  a t  t h e  l a s t  PTTI ( 1 ) .  We 
show h e r e  t h e  deve lopment  and c o n s t r u c t i o n  o f  a p o r t a b l e  cl ,ock t o  make 
t ime  d e l a y  c a l i b r a t i o n s .  The second one i s  an a p p l i c a t i o n  of  a  GOES 
s y n c h r o n i z e d  c l o c k .  We p r e s e n t  t h e  w h y s ,  hows and prob lems  e n c o u n t e r e d  
i n  t h i s  c a s e .  

I1 TIME DISSEMINATION 

A c t u a l l y ,  from a  m a s t e r  c l o c k ,  we d i s s e m i n a t e  t ime  code t o  most of t h e  
main  power s t a t i o n s  o f  t h e  ~ ~ d r o - ~ u g h e c  ne twork .  The code  i s  used  i n  
each  p l a c e  t o  put  a  d a t e  on each  e v e n t ' s  r e c o r d i n g .  The p r e c i s i o n  r e -  
q u i r e d  i s  1 m s .  To c a l i b r a t e  t h e  p r o p a g a t i o n  d e l a y s  be tween  t h e  m a s t e r  
c l o c k  and t h e  remote  ones  we have  b u i l t  a p o r t a b l e  c l o c k  c a l l e d  HM2. 

The c h a r a c t e r i s t i c s  o f  t h e  c l o c k  a r e :  
- Weight 32 kg 
- Dimens ions :  9" x 16" x 20'' 
- ~ u b i d i u m  v a p o r  f r e q u e n c y  s t a n d a r d  
- IRIG B  d e c o d e r - g e n e r a t o r  
- U n i v e r s a l  c o u n t e r  ( f r e q u e n c y - t i m e  d e l a y )  w i t h  a n a l o g  o u t p u t  
- 24 h o u r s  autonomy on b a t t e r i e s  
- 110 VAC and 1 2  VDC i n p u t .  



The block  diagram is  shown i n  F igure  1. Only t h e  c lock p a r t  ( e x c l u d i n g  
the  d i s p l a y )  runs  on b a t t e r y  d u r i n g  t r a v e l .  The d i v i d e r  i s  synchronized 
by an e x t e r n a l  1 pps source .  

The t ime code r e a d e r  h a s  an 1 pps o u t p u t ,  s o  an o p e r a t o r  can r e c e i v e  a 
t ime code i n  a  power s t a t i o n ,  check the  v a l u e  of  t h e  t r a n s m i t t e d  d a t e  
and measure the delay  between the  i n t e r n a l  1 pps of t h e  c l o c k  and t h e  
one decoded from t h e  ti.me code us ing  t h e  u n i v e r s a l  c o u n t e r .  F igure  2 
g i v e s  a t y p i c a l  r e c o r d i n g .  
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One could use HM2 as code g e n e r a t o r  t o  send a time code t o  o t h e r  appara- 
t u s  i n  o r d e r  t o  check them. 

The p o r t a b l e  c l o c k  w i l l  a l s o  be used t o  c a l i b r a t e  i n  t h e  f i e l d  Xta l  0s- 
c i l l a t o r s  wi th  t h e  h e l p  of  a  f requency comparator .  This  is  u s e f u l  f o r  
s t a t i o n a r y  a p p a r a t u s  o r  f o r  p r e c i s e  s e t t i n g  of running o s c i l l a t o r s .  We 
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a l s o  p lan  t o  use  t h e  p o r t a b l e  c l o c k  a s  backup o f  t h e  main f requency 
s t a n d a r d  a t  t h e  mas te r  s t a t i o n  because  i n  c a s e  of f a i l u r e  it can t a k e  
some months t o  r e p a i r  i t .  

I11 60 Hz VOLTAGE ANGLE OF A TRANSMISSION LINE 

The 60 Hz v o l t a g e  a n g l e  i s  t h e  phase a n g l e  between t h e  two v o l t a g e s  
which e x i s t  a t  t h e  ends of  a t r a n s m i s s i o n  l i n e .  Roughly t h e  a n g l e  
depends on t h e  load of  t h e  l i n e ,  the l e n g t h  o f  the l i n e ,  and t h e  number 
of  l i n e s  used i n  p a r a l l e l  between two p o i n t s .  

Vol tage  ang le  is t h e  most important  parameter  of a power system n e t -  
work. U n t i l  now, i t  was on ly  c a l c u l a t e d .  I ts  d i r e c t  measurement gives  
a l o t  of in fo rmat ion  on t h e  behav io r  of t h e  power system network.  I t s  
r e c o r d i n g s  d u r i n g  f a u l t  can be used i n  postmortem s t u d i e s  o f  t h e  ne t -  
work, o r  used t o  a d j u s t  or c o r r e c t  the t h e o r e t i c a l  model. 

3 .2  Measurement p rocedures  

P o i n t s  of measurement a r e  f a r  away from each o t h e r  (hundreds  of km) and 
most of  t h e  a t t e m p t s  t o  code and send v o l t a g e  waveforms from one po in t  
t o  the  o t h e r  f a i l e d  due t o  t r a n s m i s s i o n  t ime d e l a y  v a r i a t i o n s  of  t h e  
same order of the thing to be measured (lo at 60 Hz equals 40 us).  

So we ( 2 )  and o t h e r s  ( 3 )  i n  t h e  p a s t  have done some exper iments  us ing  
two ( o r  more) l o c a l  r e f e r e n c e s  a t  60,000 Hz synchronized t o g e t h e r .  
Then one can measure and code t h e  l o c a l  ( o r  a b s o l u t e )  v o l t a g e  ang le  and 
send those  v a l u e s  t o  a  c e n t r a l  s t a t i o n  which now may c a l c u l a t e  t h e  v o l t -  
age ang le  by s u b s t r a c t i o n .  F i g u r e  3 i l l u s t r a t e s  t h i s  method. 

Method o f  measurement 

FIG. 3 



Using t h i s  concept  we b u i l t  a system wi th  the  fo l lowing  o b j e c t i v e s  i n  
mind : 
- f u l l y  au tomat ic  system 
- 24 hour o p e r a t i o n  every  day of the  y e a r  
- accuracy of  measurement b e t t e r  than  l o  a t  60 Hz ( =  40 p s )  
- 30 measurements per second. 

Using t h e  GOES t ime code t o  synchron ize  t h e  60,000 Hz r e f e r e n c e  h a s  
c r e a t e d  some problems. 

3 . 3  Problems i n  us ing  GOES t ime code-Hydro-~u6bec I s  improvements 

GOES t i m e  code i s  i n  an exper imenta l  phase. From t ime t o  t ime d a t a  are 
wrong o r  a b s e n t .  O r  t h e r e  i s  a  change i n  t h e  s a t e l l i t e  used,  s o  the  
h e l i x  an tennas  are i n  t h e  wrong d i r e c t i o n .  

GOES f requency is  not e x c l u s i v e :  so there are several r ad io  interferences 
due t o  mobile r a d i o  and the  on ly  commercial c l o c k  a v a i l a b l e  wi th  auto- 
m a t i c  c o r r e c t i o n  of  t ime d e l a y  p ropaga t ion  has  a l a c k  of s e l e c t i v i t y  
which p e r t u r b s  i t s  o p e r a t i o n  dur ing  RFI. 

We made two m o d i f i c a t i o n s  of  the  c lock  ( F i g u r e  4 )  
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1) We added a c a v i t y  f i l t e r  t o  l i m i t  RF band pass and possible 
s a t u r a t i o n  of  t h e  RF preampl i f  i es  

2 )  We changed the  IF  q u a r t z  f i l t e r .  The o r i g i n a l  one g i v e s  40 t o  45 dB 
of u l t i m a t e  r e j e c t i o n ,  the  new one g i v e s  75 t o  80 dB of r e j e c t i o n  
l i m i t e d  mainly by t h e  p r i n t e d  c i r c u i t  on which i t  i s  i n s t a l l e d .  

By comparison a t y p i c a l  mobile r a d i o  h a s  over  90 dB o f  r e j e c t i o n .  



I n  s e v e r e  environment t h e  unmodified c l o c k  synchronized o n l y  d u r i n g  t h e  
n i g h t  (no o r  few u s e r s  of mobi le  radio) but remains t o t a l l y  unsynchro- 
n i z e d  d u r i n g  t h e  day (excep t  on weekends). The modi f i ed  model remains 
synchronized d u r i n g  t h e  day.  In  o t h e r  environments  (few mobi le  r a d i o )  
t h e  improved model makes l e s s  e r r o r s  t h a n  t h e  unmodified one. F igure  5 
shows t y p i c a l  r e s u l t s  of t h e  modif ied  one ( i n  f a v o r a b l e  environments)  
and F igure  6 t y p i c a l  e r r o r s  when we remove t h e  c a v i t y  ( b u t  improved 
f i l t e r  i n   lace). We d o n ' t  have r e c o r d i n g s  of the  o r i g i n a l  c l o c k ,  b u t ,  
e r r o r s  a r e  more numerous. 
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FIG. 6 



3.4 R e s u l t s  

F i g u r e s  7 ,  8 ,  9 show a t y p i c a l  r e c o r d i n g s  o f  l o c a l  a n g l e ,  v o l t a g e  a n g l e  
and f r e q u e n c y  d u r i n g  s h o r t - c i r c u i t s  on two p a r a l l e l  l i n e s ,  w i t h  au to -  
m a t i c  open ing  and r e c l o s u r e .  
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QUESTIONS AND ANSWERS 

MR. DAVID HOME, National Bureau of Standards 

I am delighted t ha t  you a r e  using the GOES experiment time code and 
i t  represents an important applicat ion of such dedication. However, 
you pointed out ,  i t  i s  an experimental system. What a r e  your plans 
in the fu tu re  f o r  t ha t  system? Have you got any? 

MR. MISSOUT: 

There a r e  some possible plans. F i r s t  of a l l ,  we will t r y  t o  f ind a 
new system of dissemination on the Hydro-Quebec microwave network t o  
find the same accuracy as  we have now. 

Secondly, i f  t h i s  f a i l s  we may wait f o r  a system l i k e  GPS 
which gives us more than one s a t e l l i t e .  Because, ac tua l ly ,  we use 
phase angle measurement f o r  postmortem. B u t ,  i t  i s  possible t o  use 
automation. I f  you use the phase angle measurement f o r  automatic 
control of the system, you have t o  be sure t h a t  i t  works. 

So,  ac tua l ly  each time we lose  the s a t e l l i t e  f o r  whatever 
reason, the system doesn ' t  work properly, and i n  f a c t ,  gives f a l s e  
measurements. So, we t r y  t o  operate independently in our system; 
and secondly i f  i t  doesn ' t  work we t r y  your other system. 


