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Description 

This  invention  relates  to  systems  for  measuring  and  communicating  various  operating  parameters 
associated  with  electrical  power  conductors;  more  specifically,  the  invention  relates  to  systems  which 

5  include  line-mounted  sensor  modules  having  means  for  both  transmitting  signals  commensurate  with 
parameter  values  and  optionally  for  receiving  signals  to  permit  time-synchronized  data  sampling  and 
transmission  in  a  manner  allowing  highly  accurate  measurement  and  analysis  of  data  from  a  large  number 
of  modules  at  a  single  ground  station. 

Various  power  line  mounted  apparatus  for  sensing  operating  parameters  of  an  associated  conductor 
w  have  been  disclosed  in  the  prior  art.  See,  for  example,  U.S.-A-.  3,428,896,  3,633,191,  4,158,810  and 

4,261,818,  as  well  as  the  improved  systems  disclosed  in  the  co-pending  application  referenced  herein.  In 
general,  such  systems  include  line-mounted  sensor  modules  which  measure  certain  quantities  associated 
with  operation  of  overhead  power  lines,  namely,  current,  conductor  temperature  and  ambient  temperature, 
and  transmit  such  data  via  a  radio  link  to  a  nearby  ground  station.  Data  from  several  ground  stations  is  then 

75  transmitted  to  a  central  control  station  where  it  is  processed  and  used  to  assist  in  control  of  the  power 
supplied  to  the  various  transmission  lines  in  accordance  with  the  measured  parameters. 

Prior  art  systems  of  this  type,  while  representing  a  significant  improvement  over  traditional  means  of 
measurement  and  control  of  power  line  operating  parameters,  still  have  a  number  of  inherent  limitations  and 
disadvantages,  some  of  which  are  addressed  in  copending  application  EP-A-314849  of  the  present  inventor, 

20  filed  concurrently  herewith.  Said  application,  for  example,  provides  means  for  simultaneously  measuring 
current,  voltage  and  phase  angle  on  multiple  conductors  of  a  single  circuit  or  of  many  circuits  thereby 
permitting  monitoring  of  an  entire  substation.  It  is  possible,  however,  that  the  accuracy  of  measurement  of 
quantities  such  as  voltage  on  a  particular  circuit  may  be  adversely  affected  by  adjacent,  energized  circuits. 
Also,  time  synchronized  data  collection  for  sequence-of-events  application  is  not  possible.  Other  drawbacks 

25  of  the  previously  disclosed  systems  are  high  speed  sampling  for  relaying  and  harmonic  measurements  is 
not  possible  for  an  entire  substation  installation;  and,  the  use  of  certain  sensor  modules  on  distribution 
circuits  with  relatively  small  conductor  clearances,  as  compared  to  extra  high  voltage  transmission  circuits, 
is  difficult  if  not  prohibitive. 

EP-A-218224  discloses  a  system  for  installation  on  energized  AC  power  conductors  and  for  accurately 
30  measuring  the  value  of  the  voltage  and  current  associated  with  each  of  a  plurality  of  adjacent  AC  power 

conductors,  the  system  comprising  sensing  means  mounted  upon  each  of  the  conductors  for  sampling  the 
values  of  the  voltage  simultaneously  at  a  plurality  of  predetermined  times  and  the  current  simultaneously  at 
a  plurality  of  predetermined  times;  signal  transmitting  means  associated  with  each  of  the  sensing  means  for 
transmitting  signals  commensurate  with  the  voltage  value  at  each  of  the  predetermined  times;  and  signal 

35  receiving  and  processing  means  for  receiving  the  transmitted  signals;  and  according  to  the  present 
invention  such  a  system  is  characterised  by  means  for  calculating  from  the  transmitted  signal  the  true  value 
of  the  voltage  on  each  of  the  conductors  taking  into  account  the  influence  of  adjacent  conductors  on  the 
measured  voltage  by  measuring  at  precisely  determined  times  with  respect  to  zero-crossing  the  total 
electric  charging  current  on  each  conductor  produced  by  the  voltage  on  all  conductors,  determining  the 

40  voltage  frequency,  and  calculating  from  these  values  the  electric  charging  current  due  only  to  the  voltage 
on  the  conductor,  thereby  obtaining  the  actual  voltage  on  the  conductor. 

This  provides  good  accuracy  of  voltage  measurement  in  the  presence  of  adjacent  conductors,  invention 
contemplates  a  hot-stick  mountable  sensor  module  having,  in  a  principal  aspect  of  the  invention,  a 
configuration  uniquely  suitable  for  employment  on  power  lines  where  spacing  presents  a  constraint.  That  is, 

45  modules  of  the  prior  art  are  typically  toroidal  in  shape  and  have  a  diameter  on  the  order  of  12",  which  is 
suitable  for  mounting  on  extra  high  voltage  power  transmission  lines,  but  not  on  the  more  closely  spaced, 
lower  voltage  (e.g.,  below  34.5KV)  power  distribution  lines.  In  an  embodiment  particularly  adapted  for  use 
where  lateral  clearances  are  constrained,  the  present  invention  comprises  a  compact,  generally  cylindrical, 
metallic  housing  for  the  electrical  components  of  the  module,  including  the  parameter  sensing,  transmitting 

50  and  receiving  equipment,  with  the  mechanical  members  of  the  mounting  means  positioned  outside  the 
cylindrical  housing.  The  mounting  members  are  enclosed  in  an  arcuate,  insulated  housing  portion  affixed  to 
the  exterior  of  the  cylindrical  housing  and  extending  not  more  than  about  150°  around  the  periphery  thereof 
in  order  to  avoid  clearance  problems  due  to  spacing  of  the  conductors. 

The  modules  include  means  for  sampling  the  values  of  voltage  and  current  on  the  associated  conductor 
55  at  a  rapid  rate,  i.e.,  at  relatively  short,  evenly  spaced  time  intervals,  e.g.,  24  times  in  each  cycle  of  voltage 

and  current.  This  high  speed  sampling  permits  use  of  the  monitoring  system  for  relaying  and 
In  the  accompanying  drawings:- 
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Figure  1A  is  a  perspective  view  of  several  sensor  modules  of  the  invention  attached  to  the  three  phase 
conductors  of  an  electric  power  line  showing  a  first  means  of  data  communication  with  a  ground  station; 
Figure  1B  is  a  perspective  view,  as  in  Figure  1A,  showing  a  second  means  for  communication  between 
the  sensor  modules  and  ground  station; 

5  Figure  2  is  a  perspective  view  of  a  sensor  module  embodying  the  present  invention  being  mounted  on  a 
high  voltage  line; 
Figure  3  is  a  diagrammatic  illustration  of  the  sensor  modules  mounted  within  a  substation  fence; 
Figure  4  is  an  enlarged,  perspective  view  of  a  preferred  embodiment  of  the  sensor  modules  of  Figures  1- 
3; 

io  Figure  5  is  a  cross-sectional  view  of  the  sensor  module  on  the  line  5-5  of  Figure  4; 
Figure  6  is  an  end  elevational  view  on  the  line  6-6  of  Figure  5; 
Figure  7  is  a  diagrammatic  block  diagram  of  the  sensor  module  subsystem  components; 
Figure  8  is  an  overall  schematic  block  diagram  of  the  transceiver  sensor  module  electronics; 
Figure  9  is  a  diagram  of  the  voltage  and  current  waveforms  sampling,  storage  and  comparison; 

is  Figure  10  illustrates  how  Figures  10A  and  10B  together  form  a  block  diagram  of  the  Combined  Remote 
Terminal  Unit  ground  station  utilized  with  the  sensor  modules; 
Figure  1  1  displays  the  transceiver  sensor  module  message  format; 
Figure  12  displays  the  Scale  Factors  used; 
Figure  13A  is  a  diagrammatic  illustration  of  apparatus  used  in  field  voltage  calibration  of  the  sensor 

20  modules; 
Figure  13B  is  a  schematic  diagram  of  the  electrical  implementation  of  the  calibration  system  of  Figure 
13A; 
Figure  14  is  a  composite  graphical  representation  related  to  the  explanation  of  error  elimination  in  voltage 
measurement; 

25  Figure  15  shows  how  Figures  15A  and  15B  together  form  a  schematic  block  diagram  of  a  common  three 
phase  transceiver  with  fiber  optic  communications  interface  to  the  transceiver  sensor  modules; 
Figure  16  is  a  schematic  block  diagram  showing  signal  generation  for  distribution  power  line  carrier 
transceiver  sensor  module  synchronization  with  neutral  injection  of  the  Power  Line  Carrier  signal; 
Figure  17  is  a  schematic  block  diagram  of  a  differential  relay  protection  system  incorporating  the 

30  transceiver  sensor  modules;  and 
Figure  18  is  an  elevational  view  of  a  transceiver  sensor  module  hub  for  use  on  insulated,  overhead 
conductors. 

Sensor  modules  10,  shown  in  Figure  1A  and  in  more  detail  in  Figure  4,  are  of  a  type  suitable  for 
mounting  upon  energized  power  lines  for  sensing  various  parameters  associated  with  operation  of  the 

35  power  line  and/or  environmental  parameters,  and  have  a  physical  configuration  particularly  well  suited  for 
use  on  power  conductors  which  are  spaced  more  closely  to  one  another  than  typical  EHV  power  lines. 
Modules  10  include  housing  means  which  enclose  the  necessary  elements  for  sensing  the  values  of  the 
parameters  to  be  measured,  and  transmitting  signals  commensurate  with  the  sensed  values  to  signal 
receiving  and  processing  means,  collectively  referred  to  as  Combined  Remote  Terminal  Unit  (CRTU)  14,  in 

40  control  house  15  at  ground  level.  Each  module  normally  obtains  its  operating  power  from  the  magnetic  field 
generated  by  current  flowing  in  the  associated  conductor,  and  preferably  include  power  backup  means  such 
as  rechargeable  batteries  which  provide  the  necessary  operating  power  when  line  current  is  not  present,  or 
is  below  a  predetermined  value,  as  described  more  fully  in  the  previously  referenced  application  filed  of 
even  date  herewith. 

45  Modules  10  of  Figure  1A  each  contain  an  RF  transmitter  and  antenna  for  transmitting  data  to  the  ground 
station,  whereas  modules  10'  of  Figure  1B  are  each  connected  by  optical  fibers  16  terminating  in  male  fiber 
optic  termination  ferrules  to  data  concentrator  module  18  (with  fiber  optic  ferrule  connecting  socket)  which 
then  transmits  a  sequence  of  coded  signals  indicating  the  values  of  the  various  parameters  sensed  by  all 
three  modules  10'  to  CRTU  14  via  an  RF  radio  link.  In  some  instances,  it  may  be  desireable  to  eliminate  RF 

50  links  altogether  and  provide  instead  optical  fibers  extending  directly  from  the  individual  modules  10',  or 
concentrator  module  18,  to  the  CRTU.  Figure  2  illustrates  the  manner  in  which  modules  10,  10'  and  18,  the 
external  configurations  and  mounting  mechanisms  of  which  are  essentially  identical,  are  mounted  on  an 
energized  conductor  12  by  an  individual  manipulating  conventional  hot-stick  20.  Any  special  tool  which  may 
be  required  for  cooperative  engagement  with  the  particular  mounting  mechanism  used  in  the  modules  is 

55  attached  to  the  end  of  hot-stick  20,  as  described  later.  The  sensor  modules  may  also  be  installed  using 
insulated  rubber  gloves  on  energized  distribution  voltage  power  conductors. 

Before  proceeding  with  further  details  of  construction  and  operation  of  the  individual  sensor  modules,  a 
typical  power  monitoring  system  employing  such  modules  will  be  described  with  reference  to  Figure  3 

3 
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wherein  is  shown  a  diagrammatic  representation  of  an  electrical  power  substation  enclosed  by  station  fence 
22.  A  plurality  of  three  phase  circuits,  numbered  1-8,  are  fed  from  a  common  bus  comprising  three  phases 
24,  26  and  28,  each  connected  through  circuit  breaker  30  to  transformer  bank  32.  The  latter  is  fed  by  an 
incoming  three-phase  power  circuit  comprising  three  conductors  denoted  collectively  by  reference  numeral 

5  34.  Sensor  modules  10  are  mounted  upon  each  of  the  three  phases  of  line  34,  and  of  line  36,  connecting 
transformer  bank  32  to  breakers  30.  Conductors  carrying  each  phase  of  all  circuits  emanating  from  the 
substation  are  equipped  with  a  line-mounted  sensor  module  10.  Conventional  circuit  breakers  38  are 
interposed  in  each  conductor  between  its  respective  connection  to  the  common  bus  phase  and  the 
associated  sensor  module  10. 

io  Each  of  modules  10  is  equipped  to  measure  the  values  of  voltage  and  current,  and  to  determine  the 
phase  relationships  thereof,  of  its  associated  conductor  and  may,  if  desired,  be  further  equipped  to  measure 
other  parameters  such  as  frequency,  conductor  temperature,  ambient  temperature,  vibration,  etc.  The 
sensed  values  are  digitized,  encoded  and  transmitted  using  an  RF  signal  to  the  ground  station.  Transmis- 
sions  from  each  module  are  controlled  to  occur  in  bursts  of  predetermined  duration  in  such  a  way  that  no 

is  two  modules  are  transmitting  at  the  same  time  on  the  same  frequency. 
The  previously  referenced,  concurrently  filed  application  describes  two  means  of  controlling  the  time 

and  intervals  at  which  transmissions  begin  by  each  of  the  modules  in  the  system.  The  first  means  is  self- 
contained  within  the  modules  and  involves  using  a  zero  crossing  of  the  voltage  on  one  phase  of  a  bus  line 
as  a  reference  signal  for  timing  transmissions  by  all  modules  mounted  on  conductors  connected  to  the 

20  common  bus.  The  second  means  involves  providing  each  module  with  a  receiver,  as  well  as  a  transmitter, 
for  receiving  messages  from  a  transmitter  at  the  ground  station;  the  messages  include  an  address  unique  to 
each  module  and  an  assigned  time  slot  for  transmission  of  data  by  the  module  transmitter.  For  example, 
CRTU  14  may  communicate  with  all  modules  in  the  system  through  transmit  and  receive  antennae  42  and 
44,  respectively. 

25  Corresponding  communication  equipment  of  the  sensors  is  shown  and  described  later.  All  sensors 
transmit  data  on  a  single  frequency  channel  for  reception  by  antenna  44;  signals  are  transmitted  by  the 
ground  station  from  antenna  42  on  a  second  frequency  channel  for  reception  by  the  sensor  receivers.  For 
example,  the  system  may  employ  a  950  MHz  FM  "uplink"  (from  the  ground  station  to  the  sensor  modules) 
and  a  928  MHz  FM  "downlink".  This  Time  Division  Multiple  Access  (TDMA)  technique  is  useful  for 

30  controlling  the  timing  of  parameter  sensing  as  well  as  data  transmissions  by  the  various  modules  and  is 
necessary  in  order  to  carry  out  a  number  of  desireable  features  of  the  present  invention. 

Sensor  module  electronics  include  a  microprocessor,  RAM,  I/O,  and  timer  components,  as  disclosed  in 
US-A-4689751  .  The  sampled  values  of  the  monitored  parameters  are  digitized,  stored  in  RAM,  and 
communicated  to  the  ground  station  during  the  established  time  interval  as  a  burst  of  signals.  The  ground 

35  station  includes  a  microprocessor  to  which  signals  received  from  modules  10  are  supplied  for  further 
processing,  such  as  calculation  of  total  circuit  and/or  substation  kilowatts,  kilowatt  hours,  kilovars,  etc.  The 
data  is  then  communicated  to  a  central  data  receiving  and  control  facility  by  a  data  link  schematically 
indicated  at  46,  such  as  radio,  land  lines  or  satellite  channels.  Thus,  all  parameters  necessary  for  monitoring 
and  control  of  an  entire  substation,  including  relaying  and  post-fault  analysis  functions,  may  be  measured, 

40  processed  and  communicated  through  the  present  invention,  details  of  construction  and  operation  of  which 
appear  in  the  balance  of  the  disclosure. 

Constructional  details  of  module  10  are  shown  in  more  detail  in  Figures  4  and  5.  The  outer  physical 
configuration  of  module  10  is  basically  defined  by  two  housing  portions,  a  first,  essentially  cylindrical  portion 
48,  and  a  second  portion  50  in  the  form  of  a  circumferentially  truncated  cylinder,  affixed  to  and  extending 

45  less  than  half  the  distance,  preferably  not  more  than  about  150°,  around  first  portion  48.  At  least  the  outer 
skin  of  first  housing  portion  48  is  metallic;  for  example,  the  entire  cylinder  may  be  a  metal  casting,  or  the 
substructure  may  be  Fiberglas  or  other  dielectric  material  with  an  outer  coating  of  electrically  conducting 
metal.  Second  portion  50  is  made  of  heavy  duty  plastic  or  other  such  non-conducting  material.  Fiber  optic 
receptacles  1  1  for  fiber  optic  male  terminal  ferrules  for  interconnection  with  the  data  concentration  module 

50  18,  Fig  1B  are  also  shown  in  Figure  4. 
When  module  10  is  mounted  on  conductor  12,  as  seen  in  Figures  4  and  5,  the  latter  extends  along  the 

central  axis  of  the  cylinder  formed  by  first  housing  portion  48.  In  order  to  mount  the  module  upon  the 
conductor  in  this  manner,  the  module  is  divided  into  right  and  left  halves,  as  indicated  by  the  left  and  right 
halves  of  the  end  of  the  cylinder  seen  in  Figure  4  and  denoted  by  reference  numerals  52  and  54, 

55  respectively.  The  division  also  extends  through  second  housing  portion  50  and  the  left  and  right  halves  are 
coupled  for  relative  movement  by  a  hinge/pivot  mechanism  housed  principally  within  portion  50,  as 
discussed  later  in  more  detail. 

4 
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First  housing  portion  48  is  further  divided  into  front  and  rear  sections  56  and  58,  respectively,  by  a 
plane  transverse  to  the  axis  of  the  cylinder.  Sections  56  and  58  are  separated  by  gasket  60  of  a  suitable 
material  which  maintains  sections  56  and  58  electrically  insulated  from  one  another.  The  sections  may  be 
bolted  together,  but  the  bolts  (not  shown)  extend  through  plastic  inserts  to  avoid  completing  an  electrical 

5  path  between  the  two  sections.  This  prevents  an  electrical  short  circuit,  i.e.,  a  complete  conducting  path, 
from  extending  around  the  metal  housing  portion  in  a  direction  parallel  to  the  surrounded  conductor  which 
would  interfere  with  operation  of  electrical  components  which  are  mounted  within  housing  portion  48  in  a 
manner  described  later.  All  surfaces  of  housing  portion  48,  including  where  the  cylindrical  wall  meets  the 
ends,  are  rounded  and  free  of  sharp  edges  to  avoid  corona  conditions  which  could  occur  when  the  modules 

io  are  mounted  on  lines  carrying  higher  voltage  levels. 
Modules  10  are  constructed  as  double-walled  cylinders,  the  inner  wall  being  shown  in  Figure  5  and 

divided  in  the  same  manner  as  the  outer  wall  into  front  and  rear  sections  56  and  58,  respectively.  The  inner 
wall  is  also  divided,  of  course,  into  right  and  left  halves,  as  previously  described  in  connection  with  the  other 
elements,  for  opening  and  closing  movement  about  conductor  12.  A  hub  structure  for  engagement  of 

is  module  10  with  conductor  12  is  provided  within  both  the  front  and  rear  ends  of  the  module.  Electrically 
conductive,  annular  inserts  66  and  68  perferably  of  a  somewhat  resilient  material  such  as  Neoprene,  having 
a  central  opening  of  the  same  or  slightly  smaller  diameter  as  conductor  12  are  positioned  within  annular 
rings  70  and  72,  respectively,  also  of  electrically  conductive  material,  at  opposite  ends  of  module  10.  Rings 
70  and  72  are  surrounded  by  conductive  rings  74  and  76,  respectively,  which  are  in  electrical  contact  with 

20  housing  48.  A  layer  of  insulating  material  78  separates  rings  70  and  72  from  rings  74  and  76,  respectively, 
to  provide  a  portion  of  the  means  for  sensing  the  voltage  on  conductor  12,  as  explained  more  fully  in  the 
previously  referenced,  concurrently  filed  application.  Optional  heavy  duty  plastic  hub  caps  80  and  82  are 
affixed  to  the  front  and  rear  ends,  respectively,  of  module  10  to  provide  a  protective,  moisture-proof  seal  for 
the  hub  portions. 

25  As  seen  in  Figure  5,  Rogowski  coil  84  is  mounted  in  the  front  section  of  module  10  to  extend  around 
conductor  12  and  provide  a  means  for  sensing  the  current  flowing  through  the  conductor  when  module  10  is 
mounted  thereon.  Iron  core  86  is  mounted  in  the  rear  section  of  module  10,  surrounding  conductor  12  to 
provide  means  for  obtaining  the  power  necessary  for  operation  of  the  electronics  of  the  module  from 
conductor  12  when  sufficient  current  is  flowing  therethrough.  Conductor  12  serves  as  a  single-turn  primary 

30  and  power  pick-off  coils  88  and  90  (Figure  6)  on  core  86  as  the  secondary  windings  of  a  power  transformer. 
Core  86  is  divided  into  right  and  left  halves  for  movement  with  the  other  portions  of  the  right  and  left  halves 
of  module  10  as  the  latter  is  opened  and  closed  for  mounting  upon  conductor  12.  The  pole  faces  at  the 
upper  end  of  core  86  are  respectively  surrounded  by  a  moisture-proof  recess  92  and  a  mating,  plastic 
shroud  94,  as  also  disclosed  and  claimed  in  the  companion  application  filed  of  even  date  herewith. 

35  As  previously  mentioned,  module  10  is  divided  into  two  relatively  moveable  sections  for  mounting  upon 
an  existing  power  conductor  in  surrounding  relationship  thereto.  There  are,  of  course,  many  mechanical 
systems  suited  to  accomplish  such  mounting  of  the  module  and  the  present  invention  is  not  concerned  with 
details  of  design  of  the  mounting  means.  One  such  means  which  may  be  employed,  with  suitable 
modifications  to  take  into  account  the  particular  configuration  of  module  10,  is  the  hinge/pivot  mechanism 

40  disclosed  in  US-A-4689751  .  In  that  application,  the  hinge/pivot  mechanism  is  disclosed  in  connection  with  a 
toroidal  module  and  the  mechanical  elements  are  housed  within  the  toroid.  Since  the  present  application  is 
concerned  in  one  aspect  with  providing  a  module  of  more  compact  dimensions,  at  least  in  that  portion 
containing  the  electronic  elements  and  conductive  housing  surface,  most  of  the  mechanical  members  of  the 
structure  providing  relative  movement  of  the  two  sections  are  contained  in  second  insulated  housing  portion 

45  50.  This  permits  cylindrical  housing  portion  48  to  have  a  diameter  on  the  order  of  one-half  that  of  the 
toroidal  modules  of  the  previously  referenced  application. 

The  structure  providing  relative  movement  of  the  left  and  right  housing  sections  includes  a  pair  of  arms 
96  and  98,  each  pivotally  connected  at  one  end  by  fixed  pivot  pins  100  and  102,  respectively.on  base 
structure  104  within  second  housing  portion  50  and  at  the  other  end  by  moveable  pivot  pins  106  and  108, 

50  respectively,  to  support  members  110  and  112,  which  are  contained  within  and  affixed  to  the  inner  walls  of 
housing  portion  48.  By  appropriate  mechanical  couplings,  rotation  of  a  socket  member  within  guide  member 
114  is  translated  to  movement  of  pivot  pins  106  and  108,  and  thus  support  members  110  and  112  and  to 
the  right  and  left  halves  of  module  10  away  from  and  toward  one  another.  As  discussed  more  fully  in  US-A- 
4689751,  this  movement  is  effected  by  clockwise  and  counterclockwise  rotation,  respectively,  of  a  tool 

55  carried  on  the  end  of  a  conventional  hot-stick. 
Turning  now  to  Figure  7,  a  general  block  diagram  of  the  electronic  subsystem  components  is  shown  in 

connection  with  an  outline  drawing  of  the  module  housing  portions  48  and  50.  In  operation  of  module  10, 
only  cylindrical  housing  portion  48  serves  to  collect  charging  current  for  the  voltage  sensor  and  for 
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electrostatic  charging  of  rechargeable  batteries  of  subsystem  116,  which  includes  the  circuitry  for  rechar- 
ging  and  controlling  the  use  of  back-up  power  as  well  as  the  batteries  themselves.  Power  supply  118 
receives  electrical  power  from  pick-off  coils  88  and  90  when  sufficient  current  is  flowing  through  conductor 
12,  and  otherwise  from  batteries  116,  and  supplies  power  at  appropriate  levels  to  signal  processing 

5  subsystem  120.  The  elements  for  sensing  the  parameters  to  be  measured,  indicated  collectively  as 
subsystem  122,  are  connected  to  provide  signals  to  subsystem  120,  which  in  turn  is  connected  to  RF 
transmitter  124  and  to  receiver  126  in  the  embodiments  which  include  the  latter.  These  features  are 
discussed  more  fully  in  companion  application  EP-A-314849. 

Referring  now  to  Figure  8,  current  and  voltage  on  the  conductor  at  a  predetermined  point  in  time  are 
io  sensed  simultaneously  by  Rogowski  coil  84  and  housing  section  48,  respectively,  in  the  manner  previously 

described.  Rogowski  coil  84  is  connected  to  input  amplifier  128  through  current  range  select  resistors  130. 
The  voltage  sensor  is  connected  through  capacitor  132  to  low  impedance  operational  amplifier  134  with 
feedback  capacitor  136,  as  previously  described,  to  provide  an  output  signal  in  phase  with  the  line-to- 
neutral  voltage.  A  novel  means  for  improving  the  accuracy  of  voltage  readings  by  compensating  for  the 

is  effects  of  adjacent,  energized  conductors  is  described  later  herein. 
Additional  amplifiers  such  as  that  indicated  at  138  may  be  provided  for  measurement  of  additional 

parameters,  such  as  conductor  temperature,  ambient  temperature,  conductor  vibrations,  etc.  The  output  of 
each  of  the  parameter-measuring  amplifiers  is  connected  through  multiplexer  140  for  comparison  with  the 
output  of  digital/analog  converter  means  142,  which  receives  an  input  from  voltage  reference  144,  at 

20  comparator  146,  under  the  control  of  digital  computer  148.  The  latter  may  be,  for  example,  a  Motorola 
CMOS  6805  microprocessor  having  I/O,  RAM  and  timer  components.  Programmable  read  only  memory  150 
is  connected  to  the  computer  CPU  for  storing  the  program. 

Current  and  voltage  zero  crossing  detection  is  provided  by  amplifiers  152  and  154,  respectively,  each 
having  one  input  connected  to  the  output  of  the  respective  current  and  voltage  measuring  amplifiers,  and 

25  the  other  input  connected  to  ground.  The  outputs  of  both  zero  crossing  detectors  are  connected  directly  to 
microprocessor  148  for  phase  measurement.  In  addition  to  providing  the  signals  necessary  for  measure- 
ment  of  phase  angle  and  frequency  (which  is  the  inverse  of  the  time  between  successive  positive  going 
zero  crossings)  the  signals  from  voltage  zero  crossing  detector  154  may  be  used  for  synchronization  of 
data  transmissions  by  transmitter  124  without  requiring  a  receiver  in  the  sensor  module  and  a  transmitter  at 

30  the  ground  station. 
A  transceiver  system  is  shown  which  permits  time  synchronized,  sequential  data  transmission  from  a 

relatively  large  number  of  modules,  e.g.,  all  modules  necessary  for  monitoring  an  entire  substation,  such  as 
that  of  Figure  3,  to  a  single  ground  station  on  a  single  broadcast  frequency.  The  zero  crossing  detectors 
described  in  companion  application  EP-A-314849  for  controlling  the  timing  of  transmissions  from  the  three 

35  modules  of  one  circuit  may  also  be  used  to  provide  basic  synchronization  with  TDMA  coded  timing  signals 
transmitted  from  the  ground  station  and  received  at  the  module  by  receiver  126.  Each  module  is  assigned 
an  identifying  number  which  is  selected  initially  through  module  156.  The  digitized  data  representing  the 
parameter  values  is  assembled  into  appropriate  messages,  encoded  in  Manchester  code  by  encoder  158 
and  supplied  to  transmitter  124  via  line  159  for  transmission  in  assigned  time  slots  designated  by  TDMA 

40  data  burst  control  signals  received  by  receiver  126.  The  timing  signals  from  the  ground  station  are  passed 
on  from  receiver  126  to  demodulator  160  (which  can  be  part  of  the  receiver  126).  The  demodulated  TDMA 
signal  contains  information  on  the  assigned  time  slot  for  transmission  by  the  particular  sensor  module.  The 
signal  is  passed  through  CRC  check  module  162,  for  error  detection  and  the  pulse  code  is  detected  by 
module  164,  providing  the  microprocessor  with  information  to  control  the  transmitter  burst  timing. 

45  Sensor  modules  10  are  in  a  high  voltage  environment  isolated  from  ground.  It  is  desirable,  therefore,  to 
derive  as  much  information  as  possible  from  the  sensors  within  the  system  with  a  minimum  of  complexity 
and  to  transmit  this  raw  data  to  the  ground  station  for  processing.  Various  derived  quantities  can  then  be 
calculated  by  the  microprocessor  CRTU  ground  station. 

Because  of  the  high  data  transmission  rates  provided  by  the  TDMA  technique,  it  is  possible  to  sample 
50  and  hold  both  current  and  voltage  values  24  times  per  cycle,  as  indicated  in  Figure  9.  Fourier  components 

may  be  calculated  by  the  sensor  module  processor  and  values  thereof  transmitted  to  the  ground  station 
sequentially  by  pulse  code  modulation.  Alternatively,  the  values  of  voltage  and  current  sampled  24  times 
per  cycle  may  be  transmitted  to  the  ground  station  and  the  Fourier  components  calculated  therein.  The 
RMS  values  of  voltage,  current  and  the  phase  angle  may  also  be  calculated  within  each  module  and  the 

55  values  directly  transmitted  to  the  ground  station. 
When  it  is  desired  to  derive  phase  and  harmonic  data  rather  than  merely  transmitting  the  fundamental 

Fourier  components  of  the  voltage  and  current  to  the  ground  station,  the  shape  of  the  waveforms  and  their 
relative  phase  must  be  transmitted.  The  ground  station  can  then  easily  compute  the  quantities  of  interest, 
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for  example,  RMS  amplitude  of  voltage  and  current,  their  relative  phase  and  harmonic  content.  Since 
current  and  voltages  are  sampled  simultaneously,  their  relative  phases  are  the  same  as  the  relative  phases 
of  the  sample  sequence.  By  using  zero  crossings  of  the  voltage  waveform  for  sample  timing  improved 
accuracy  and  stability  is  obtained.  Zero  crossing  detection  of  the  current  waveform  and  the  time  difference 

5  between  the  voltage  and  current  zero  crossing  provides  a  phase  angle  measurement  check. 
The  date  transmissions  take  place  in  e.g.,  4.5  millisecond  time  slots  at  a  data  rate  of  approximately  20 

kilobits/sec.  Time  slots  of  individual  sensor  modules  are  synchronized  through  a  950  MHz  timing  signal 
received  simultaneously  by  all  sensor  modules  in  a  station.  This  signal  also  contains  address  information  as 
to  the  time  slot  allocation  for  the  data  burst  from  a  particular  sensor  module.  With  this  information  all 

io  voltage,  current,  phase  angle,  power  and  energy  measurements  of  the  fundamental  and  harmonic  compo- 
nents  can  be  calculated  by  the  ground  station  processor.  For  example,  the  fundamental  Fourier  components 
of  voltage  and  current  VA,  VB  and  lA,  Ib  are: 

15 

20 

25 

45 

vA  =  -2.  ST  ys  cos   .  s )  

bT  S=l  &T 

VB  =  2  ST  vs  s i n   .  S) 

Ia  =  2 ^ I t   l s   cos   ( 2a_   .  s )  

ST  S=l  ST 

IB  =  2  ST  Is  s i n   (2n_   .  s )  

where  ST  equals  the  total  number  of  samples;  in  the  apparatus  disclosed  this  is  24.  S  equals  the 
sample  number,  and  Vs  and  ls  are  values  of  measured  voltage  and  current  at  sample  S.  From  these  RMS 

35  voltage  V  and  current  I  may  be  derived  from  the  standard  formulas: 

V=  |(VA)2  +  (VB)2[V2 
1=  |(Ia)2  +  (Ib)2|1/2 

40  Real  Power  is: 

Pr=  (Vax  U)  +  (VBx  lB) 

and  Reactive  Power  is: 
45 

Qr=  (Va  x  Ib)  -  (Vb  x  U) 

Referring  to  Figure  3,  a  single  large  substation  22  may  have  over  100  sensor  modules  10  transmitting 
data  to  a  single  receiver  24.  Since  frequency  spectrum  is  difficult  to  obtain,  data  collisions  must  be  avoided, 

50  and  synchronized  data  is  required  for  sequence-of-events  applications,  it  is  important  that  all  sensor 
modules  in  a  substation  collect  time  synchronized  data  by  receiving  synchronizing  signals  through  a 
transceiver  configuration.  This  technique  also  permits  high  data  transmission  rates  needed  for  relaying 
applications  and  harmonic  measurements. 

Again  referring  to  Figure  9,  the  timing  diagram  is  shown  where  the  voltage  and  current  sine  waves  are 
55  measured  by  the  voltage  sensor  and  Rogowski  coil.  At  the  first  zero  crossing,  labeled  t  =  o,  after  receipt  of 

the  TDMA  clocking  signal,  timing  is  started.  Twenty  four  simultaneous  voltage  and  current  waveform 
samples  are  taken  successively.  The  sampling  interval  is  defined  by  equal  segments  within  successive 
voltage  zero  crossings.  These  measurements  are  utilized  to  compute  VA,  VB,  lA  and  lB-  the  program  loads 
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shift  registers  with  the  identification  number  of  the  sensor  module,  auxiliary  number,  the  Fourier  compo- 
nents  VA,  VB,  lA,  Ib,  the  digitized  auxiliary  parameters  and  the  CRC  (a  check  sum).  At  the  allocated  time  slot 
for  each  sensor  module  established  by  the  received  TDMA  synchronizing  signal  the  Fourier  components  of 
voltage  and  current,  frequency,  phase  angle  and  auxiliary  parameters  are  transmitted.  The  process  is 

5  repeated  as  the  program  is  reset  at  the  end  of  each  transmission.  All  samples  of  voltage  and  current  are 
stored  for  comparison  with  the  next  set  as  shown  in  Table  1  . 

With  the  high  speed  sampling  afforded  by  the  TDMA  approach  the  same  sensor  modules  can  be  used 
for  relaying.  Each  string  of  samples  starting  with  the  voltage  zero  crossings  is  stored  in  RAM  for 
comparison  with  the  next  string  of  samples  at  the  same  point  in  each  waveform.  If  the  deviations  exceed  the 

io  relay  settings  based  on  a  predetermined  initialization  the  data  is  immediately  communicated  to  the  ground 
station  CRTU  or  a  separate  but  simplified  "Relay  Ground  Station"  on  one  of  eight  emergency  time  slots 
provided  in  the  TDMA  burst  stream.  An  alarm  is  simultaneously  triggered.  Alternatively,  a  second  crystal 
can  be  switched  in  to  transmit  abnormal  data  on  a  second  frequency  channel  available  to  all  sensor 
modules  on  a  random  access  basis. 

is  Referring  again  to  Figure  8,  the  data  communicated  on  line  159  from  encoder  158  to  transmitter  124  is 
that  data  required  to  perform  the  normal  metering  functions.  A  second  line  161  may  be  provided  for 
communicating  data  to  perform  relaying  functions.  In  this  case,  both  lines  159  and  161  are  connected  to 
logic  module  163  which  is  adapted  to  disable  the  metering  channel  whenever  a  signal  is  present  on  relaying 
data  line  161.  First  and  second  crystals  165  and  167  allow  transmitter  124  to  transmit  metering  and  relaying 

20  signals  on  two,  mutually  exclusive  channels,  whereby  the  relaying  data  will  always  be  received  at  the 
ground  station  even  though  another  module  may  be  transmitting  at  the  same  time  on  the  metering  channel. 
Preferably,  a  test  signal  is  periodically  transmitted  on  the  relaying  channel  to  ensure  constant  operability. 

Abnormal  conditions  may  be  defined  in  a  number  of  ways,  e.g. 
If:  0.8  <  Vtp/V(t_1)p  or  \>1.2  pu 

25  or  'tp/i(t-i)p>  3pu  an  alarm  is  transmitted  to  the  ground  station. 
Where,  \   is  the  peak  voltage  for  a  sample  set 
V(t-1)p  is  the  peak  voltage  for  the  previous  sample  set 
'tp  is  the  peak  current  for  a  sample  set 
i(t-i)p  is  the  peak  current  for  the  previous  sample  set. 

30  Data  may  be  transmitted  in  Manchester  code  or  other  conventional  encoders.  Each  message  comprises 
the  latest  measured  Fourier  components  of  voltage  and  current  and  another  measured  auxiliary  parameter 
with  a  number  identifying  it.  Thus,  each  message  format  for  the  fundamental  and  its  harmonics  would  be 
repeated  as  follows: 

Sensor  Module  Identification  4  bits 
Auxiliary  Parameter  No.  4  bits 
Voltage  Sine  Component  12  bits 
Voltage  Cosine  Component  12  bits 
Current  Sine  Component  12  bits 
Current  Cosine  Component  12  bits 
Auxiliary  Parameter  12  bits 
Cyclic  Redundancy  Check  12  bits 

45  The  auxiliary  parameter  rotates  among  each  one  on  successive  transmissions,  e.g. 

Parameter  Parameter 
No. 

0  Check  Ground  (zero  volts  nominal) 
1  Check  Voltage  (1  .25  volts  nominal) 
2  Sensor  Module  Interior  Temperature 

A  block  diagram  of  CRTU  14  of  the  present  invention  is  shown  in  Figures  10A  and  10B.  It  is  important 
to  note  that  CRTU  14  combines  the  non-metering  functions  of  a  conventional  utility  Supervisory  Control  And 
Data  Aquisition  (SCADA)  system  with  the  Remote  Terminal  Interface  (RTI)  capability  of  US-A-4689751  .  That 
is,  a  conventional  SCADA  system  is  employed  at  a  power  substation  to  monitor  alarm  status,  receive  control 
signal  inputs  from  a  central  SCADA  master  computer  or  Energy  Management  System  (EMS)  computer, 
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record  the  sequence  in  which  substation  relays  operate,  monitor  analog  signals  associated  with  power 
transformer  banks  or  underground  cable  (temperature,  pressure,  etc.),  and  other  pulsed  inputs  and  outputs. 
The  RTI  disclosed  in  US-A-4689751  provided  signal  processing  means  for  performing  metering  functions  in 
conjuction  with  the  line-mounted  sensor  modules,  and/or  from  analog  signals  associated  with  underground 

5  power  cables  through  existing  current  and  potential  transformers.  Lower  overall  system  cost  is  achieved  by 
combining  these  separate  functions  in  the  CRTU  of  the  present  invention,  as  will  now  be  explained. 

In  addition  to  receiving  transmissions  from  multiple  sensor  modules  10,  via  928  MHz  receiving  antenna 
44  and  radio  receiver  166  the  CRTU  system  14  can  receive  analog  data  from  multiple  current  transformers 
168  and  potential  transformers  170  not  associated  with  the  overhead  lines.  CRTU  14  is  a  microprocessor- 

io  based  system  operated  by  Central  Processing  Unit  (CPU)  172,  such  as  a  type  68000®  microprocessor  or 
an  8386  Intel®  microprocessor.  The  coded  transmissions  from  sensor  modules  10  received  by  receiver  166 
are  transmitted  through  a  CRC  error  check  174  before  being  processed  by  CPU  172.  The  input  from  current 
and  potential  transformers  168  and  170  are  conditioned  by  conditioning  amplifiers  176,  sample  and  hold 
circuitry  178,  multiplexer  180,  and  A/D  conversion  circuits  182,  under  control  of  analog  metering  control 

15  board  184.  The  digitized  data  is  supplied  on  data  bus  186  to  CPU  172.  CPU  172  is  provided  with  RAM  188, 
PROM  190  for  storing  its  program,  and  an  Electronically  Erasable  Read  Only  Memory  192  for  storing  scale 
factors  and  personality  tables. 

CPU  172  is  provided  with  keyboard  194  and  a  16  character  single  line  display  196.  It  is  also  provided 
with  an  RS232  port  198  for  loading  and  unloading  personality  tables  comprising  scale  factors  and  the  like 

20  for  the  sensor  modules  and  the  inputs  from  transformers  168  and  170.  CRTU  172  supplies  data  via  current 
loop  200  from  an  RS232  communications  port  202  on  communications  board  204  to  a  substation  SCADA 
telemetering  link,  or  for  local  display  of  data  directly  on  an  IBM  XT®  or  Compaq®  microcomputer  screen. 
Complete,  conventional  non-metering  SCADA  function  capability  is  provided  by  scanning  inputs  from 
substation  pulse,  analog,  control  (Select-Before-Operate),  Sequence-of-Events,  and  Alarm  Status  signals, 

25  indicated  collectively  by  reference  numeral  206.  These  inputrs  are  connected  directly  to  I/O  interface  208  of 
CPU  172,  with  circuit  breaker  control  performed  through  interposing  relays  operated  by  the  Select-Before- 
Operate  control  port.  CPU  172  is  further  connected,  through  I/O  208,  to  spread  spectrum  satellite  controller 
210  for  two-way  data  communication  to  an  EMS  Master  Control  Center  or  SCADA  Dispatch  Center. 

CRTU  14  also  sends  a  TDMA  coded  synchronizing  message,  via  pulse  code  modulator  212,  Transmit- 
30  ter  214  and  950  MHz  transmit  antenna  42.  This  signal  is  received  by  all  sensor  modules  and  serves  to 

synchronize  transmission  of  data,  as  described  in  the  concurrently  filed  application. 
Figure  11  indicates  the  type  of  data  included  in  individual  messages  which  are  periodically  received 

from  each  of  sensor  modules  10  at  CRTU  14.  This  represents  the  data  temporarily  stored  in  an  individual 
buffer,  one  of  which  is  provided  for  each  sensor  module  in  the  system.  This  data  is  then  used  to  calculate 

35  desired  output  parameters  including  voltage,  current,  temperature,  frequency,  kilowatt  hours,  kilowatts,  kVA, 
and  KVAR's  (Reactive  Power).  Each  sensor  module  supplies  the  Fourier  components  of  voltage  and  current 
which  are  used  for  calculating  power,  reactive  power  and  energy  related  quantities.  Items  indicated  in  the 
word  column  are  used  to  identify  the  processing  status  of  data  from  the  indicated  sensor  module. 

Figure  12  displays  the  scale  factor  table  for  each  sensor  module,  such  tables  being  stored  in  EE  PROM 
40  192.  Note  that  there  are  4  voltage  scale  factors,  in  order  to  enhance  accuracy  of  voltage  measurement 

depending  on  the  status  of  adjacent  circuits,  i.e.,  whether  adjacent  conductors  are  energized. 
In  analog  metering  board  184  the  analog  inputs  from  current  and  potential  transformers  168  and  170, 

respectively,  are  sampled  in  turn.  After  its  condition  has  been  converted  to  digital  form,  an  interrupt  is 
generated,  and  the  data  is  supplied  to  data  bus  186.  It  should  be  noted  that  analog  board  184  causes  the 

45  inputs  from  the  current  and  potential  transformers  168  and  170  to  be  sampled  24  times  per  cycle,  just  as 
current  and  voltage  are  sampled  in  sensor  modules  10.  Data  supplied  to  data  bus  186  from  analog  board 
184  comprises  24  successive  values  over  one  voltage  and  current  cycle.  After  all  24  values  have  been 
stored  in  Random  Access  Memory  188,  and  appropriate  correction  factors  applied,  the  fundamental  sine 
and  cosine  Fourier  components  are  calculated,  just  as  for  sensor  modules  10.  From  these  all  other 

50  quantities  required  are  calculated  and  stored  in  RAM  188. 
When  CRTU  14  is  initially  set  up,  appropriate  sensor  module  scale  factors  are  loaded  through  RS232 

port  202  into  the  Electrical  Erasable  Read  Only  Memory  192.  The  output  personality  table  may  be 
displayed  on  display  196  and  entered  by  keyboard  194  or  entered  or  read  out  through  RS232  port  198.  A 
common  power  supply  is  used  for  the  integrated  CRTU  14,  thereby  reducing  cost  and  space  requirements. 

55  In  order  to  ensure  that  the  signal  indicative  of  line  voltage  transmitted  to  the  ground  station  by  the 
individual  sensor  modules  accurately  reflects  the  actual  line  voltage,  it  is  necessary  to  calibrate  the  modules 
with  a  known  calibration  potential  transformer.  Depending  upon  circuit  voltage,  a  ground  potential  trans- 
former,  such  as  indicated  generally  by  reference  numeral  215,  Fig.  13A  or,  for  voltages  below  35KV,  by  a 
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transformer  mounted  in  an  insulated  bucket  truck,  as  indicated  at  217.  Such  calibration  may  conveniently  be 
performed  utilizing  a  line-mounted  sensor  module  as  previously  described  with  some  very  simple  modifica- 
tions. 

Sensor  module  216  includes  all  physical  and  electrical  features  of  modules  10  as  previously  described 
5  and,  in  addition,  is  provided  with  a  threaded  socket  218  in  housing  portion  50,  connected  by  lead  220  to  the 

circuitry  within  housing  portion  48.  Rod  222  is  threaded  into  socket  218  at  one  end,  and  carries  spherical 
probe  224  at  the  other  end.  Probe  224,  rod  222  and  socket  218  are  all  of  electrically  conducting  material, 
whereby  probe  224  is  in  electrical  communication  with  one  of  terminals  226  (Fig.  13B)  of  range  select 
resistors  228.  Common  reference  numerals  are  used  in  Figure  13B  to  denote  circuit  elements  previously 

io  described  in  connection  with  Figure  8. 
When  concave  probe  230  is  raised,  by  means  of  telescopic  mount  232,  operated  manually  or  by  radio 

controlled  servo-motor  234,  into  conducting  contact  with  spherical  probe  224,  the  current  flow  through  probe 
230  to  the  winding  of  transformer  215  is  directly  proportional  to  the  actual  voltage  on  the  line  upon  which 
module  216  is  mounted.  This  current  also  is  made  to  flow  through  the  appropriate  resistor  228  to  the 

is  previously  mentioned  spare  operational  amplifier  138.  The  output  signal  of  amplifier  138  is  thus  proportional 
to  this  current,  and  hence  to  the  line  voltage.  The  sensor  module  216  electronics  beyond  the  multiplexer 
140  is  identical  to  sensor  module  10  electronics  shown  in  Fig.  8.  The  normal  voltage  sensing  means  of 
sensor  module  10  is  provided  by  operational  amplifier  134.  Thus,  the  voltage  measurements  of  the  sensor 
module  and  of  the  calibration  potentiometer  from  amplifiers  134  and  138  respectively,  are  processed 

20  through  multiplexer  140  and  the  rest  of  the  previously  described  circuitry. 
Zero  crossings  of  the  calibration  voltage  signal  determined  by  operational  amplifier  154  and  the  current 

sensed  by  the  Rogowski  coil  84  are  used  to  provide  an  accurate  measurement  of  the  line  power  factor 
angle  through  phase  angle  detector  236,  provided  for  this  purpose  in  calibration  module  216.  This  is  also 
processed  and  transmitted  to  the  ground  receiver  in  the  same  fashion  as  the  other  signals.  Both  voltage  and 

25  phase  angle  measurement  is  repeated  for  each  phase,  by  mounting  module  216  on  each  individual  line,  and 
the  calibration  factors  are  entered  into  the  personality  table  for  the  particular  circuit  at  the  ground  station. 

An  alternative  voltage  calibration  procedure  is  described  below  with  respect  to  Figure  14.  Due  to  the 
proximity  of  the  other  conductors,  each  sensor  module  collects  charging  currents  from  adjacent  phases.  For 
example,  the  sensor  module  mounted  on  phase  1  ,  in  addition  to  collecting  the  desired  phase  one  charging 

30  current  'ci  ,  collects  phase  two  and  three  charging  currents  'C2  and  'C3.  The  effects  of  these  unwanted 
charging  currents  must  be  measured  and  eliminated  in  the  calibration  procedure.  With  the  transceiver 
sensor  modules  and  the  TDMA  synchronizing  signals  this  is  efficiently  achieved  by  measuring  the  total 
charging  current  (the  vector  sum  of 

35  1 1 1  
c - i   c0>  and  c 0 )  

on  a  given  conductor  at  precise  time  intervals,  as  indicated  below.  After  the  frequency  is  determined 
40  through  measurement  of  successive  zero  crossings  of  the  voltage  waveform,  as  previously  described,  the 

total  charging  current  of  sensor  module  10  is  measured  at  ti  =60°  +  2?rf,  t2  =90°  +  2-ni  and  t3  =  120°  + 
2-ni.  The  total  charging  current  measured  at  these  times  (with  reference  to  the  zero  crossing)  is  held  in  RAM 
by  the  processor  when  the  coded  TDMA  signal  received  by  the  sensor  module  processor  puts  the 
processor  in  this  calibration  mode. 

45  The  total  charging  current  due  to  the  phase  one  voltage  alone,  denoted  'ci  is  obtained  by  solving  the 
following  equations: 

ic1  m/wt  =  60  °  =  'ci  sin  60  °  -'c2  sin  60  °  (1  ) 

50  ic1  m/wt  =  90  °  =  'ci  -'c2  sin  30  °  Jc3  sin  30  °  (2) 

ic1  m/wt  =  1  20  °  =  'ci  sin  1  20  °  Jc3  sin  60  °  (3) 

lc1m  is  the  phase  one  charging  current  measured  by  the  voltage  sensor.  From  the  3  sampled  measurements 
55 
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the  charging  current  due  to  voltage  Vi  alone  is  calculated.  From  the  relationship 

V,  ( a c t u a l )   =  Irt  V  ♦  I  
i  c  ,  im  c  1m 

» 
5 

where 

w I  

is  obtained  by  solving  equation  (1),  (2)  and  (3).  The  calibration  factor 

15 

=  1  / I  d m *  

20 By  calculating 

and  I  

25 
from  the  above  data  the  voltage  phase  angle  error  introduced  by  the  charging  currents 

on  phase  1  can  also  be  established.  The  actual  voltage  then  relates  to  the  measured  voltage  by  the 
equation: 

Vi  (actual)  =  kVi«V1m.  For  ultimate  accuracy  in  voltage  measurements  under  all  circuit  conditions,  all 
35  adjacent  circuit  data  must  be  recorded  in  the  CRTU  14  as  such.  When  there  are  two  adjacent  circuits  there 

are  4  scale  factors  for  voltage  which  are  applied  based  on  detection  of  whether: 
1.  both  adjacent  circuits  are  energized, 
2.  only  phase  1  adjacent  circuit  is  de-energized, 
3.  only  phase  2  adjacent  circuit  is  de-energized,  or 

40  4.  both  adjacent  circuits  are  de-energized.  These  factors  are  stored  in  the  CRTU  14  electronically 
eraseable  PROM  as  shown  in  Figure  12  for  each  sensor  module  voltage  measurement,  and  the 
applicable  scale  factor  is  applied  to  each  voltage  measurement  depending  on  the  state  of  adjacent 
conductors. 

Overall  costs  and  complexity  of  individual  distribution  feeder  transceiver  sensor  modules  can  be 
45  reduced  through  the  use  of  fiber  optic  communications  between  individual  transceiver  sensor  modules  and 

a  common  electronics  signal  processing,  synchronization  pulse  code  detector,  timing,  storage,  program 
control  and  transmitter/receiver  burst  control  system  common  to  all  3  phases.  This  option  was  previously 
mentioned  and  a  physical  description  of  the  sensor  module  mounting  given  in  connection  with  Figure  1  B.  A 
block  diagram  of  the  interconnection  and  operation  of  a  system  employing  fiber  optic  links  is  shown  in 

50  Figure  15  wherein  individual  sensor  modules  238,  239  and  240  are  shown  for  each  phase.  These  modules 
contain  the  basic  Rogowski  coil  current  and  insulated  housing  voltage  sensors.  The  individual  current  and 
voltage  analog  signals  are  converted  through  commerically  available  electro-optic  circuitry  241  ,  242,  243,  in 
modules  238,  239  and  240,  respectively,  to  optical  signals  which  are  transmitted  via  optical  fiber  cables 
244,  245  and  246  to  opto-electronic  receivers  248,  250  and  252.  These  opto-electronic  receivers  are  housed 

55  in  a  separate  sensor  module  18  (Fig.  1B)  which  carries  zero  crossing  current  and  voltage  detect  op-amps 
254,  256,  258,  260,  262  and  264.  The  latter  are  all  connected  to  the  common  multiplexer  and  remaining 
circuitry  which  is  the  same  as  that  of  the  individual  sensor  modules  previously  described  and  shown  in 
Figure  8.  For  each  phase,  current  and  voltage  analog  signals  are  measured  by  the  Rogowski  and  voltage 
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sensor  coils,  converted  into  optical  signals  and  transmitted  as  analog  signals  to  the  common  3-phase 
transceiver  module  18  via  fiber  optic  termination  ferrule  receptacles  11.  The  power  supply  module  for  the 
individual  phase  sensor  modules  and  the  common  transceiver  module  is  as  described  in  connection  with 
the  module  configuration  of  Figure  1A.  In  common  3-phase  sensor  module  18  the  optical  signals  are 

5  converted  to  electronic  signals.  The  zero  crossings  for  current  and  voltage  measurements  are  monitored  by 
the  respective  op-amps  and  fed  to  the  multiplexer.  All  of  the  3-phase  signals  are  transmitted  through  the 
comparator  to  the  microprocessor  in  common  module  18,  and  processed  as  previously  described.  Voltage 
zero  crossings  are  used  to  control  sampling  in  conjuction  with  the  transmit  burst  control  signal  which  is 
enabled  upon  receipt  of  the  data  burst  control  TDMA  signal.  Alternatively,  analog  electrical  signals  from 

io  individual  circuit  phase  sensor  modules  can  be  communicated  as  analog  optical  signals  through  fiber  optic 
cables  to  the  CRTU  14  that  is  located  in  the  substation  control  house,  thereby  eliminating  all  radio  links. 
Here,  the  optical  signals  are  converted  to  electronic  signals  and  processed  in  the  manner  previously 
disclosed. 

An  alternative  to  FM  (950  MHz)  or  broadcast  FM  subcarrier  synchronization  would  be  the  injection  of  a 
is  7-30  khz  power  line  carrier  (PLC)  signal  Fig.  16.  The  PLC  signal  is  pulse  code  modulated,  for  example,  by 

mode  3  coupling,  as  shown,  through  the  transformer  bank  neutral  266  feeding  the  substation  buses  and 
hence  the  circuits  to  be  monitored.  The  PLC  signal  is  detected  by  an  inductive  pick-up  268  on  the  split  core 
86  of  the  sensor  module  10.  The  signal  is  filtered  by  a  high-pass  filter  270,  to  remove  60Hz  components  of 
the  power  line,  demodulated  by  demodulator  272  and  the  synchronizing  signal  detected  by  PCM  detector 

20  274.  The  sensor  module  processor  timing  sequence  is  initiated  upon  detection  of  the  synchronizing  signal 
message.  The  remaining  operation  of  the  sensor  module  is  the  same  as  for  the  FM  synchronizing  approach. 

With  this  technique  the  FM  receiver  on  the  sensor  module  is  not  required.  If  the  optical  data 
transmission  technique  is  utilized  for  the  link  to  the  CRTU  14  from  the  sensor  module,  the  need  for  an  FCC 
license  is  eliminated. 

25  It  is  further  pointed  out  that  the  compact  sensor  modules  10  disclosed  herein  may  be  synchronized  with 
respect  to  initiation  of  transmission  of  4.5  millisecond  signal  bursts  by  the  means  disclosed  in  the  related 
application  filed  concurrently  herewith.  That  is,  synchronization  may  be  effected  by  using  the  voltage  zero 
crossings  and  inherent  phase  shift  wt  =  120°  for  voltage  zero  crossings  of  adjacent  phases.  Adjacent 
circuits  can  then  transmit  every  7th,  11th,  13th,  17th  and  19th  cycle,  with  reference  to  the  voltage  zero 

30  crossing  of  cirucits  connected  to  the  same  bus.  This  eliminates  the  need  for  a  receiver  in  the  sensor 
modules,  and  a  transmitter  at  the  ground  station. 

The  transceiver  sensor  modules  can  be  applied  for  differential  relay  protection,  as  indicated  in  Figure 
17,  since  all  the  voltage  and  current  samples  are  collected  in  one  cycle  with  this  approach.  Sensor  modules 
10  indicated  by  the  notations  RDT1A  and  RDT1B  (in  accordance  with  conventional  differential  transformer 

35  bank  relay  protection  notation)  are  mounted  on  the  primary  and  secondary  sides  of  transformer  bank  276. 
These  modules  replace  the  current  transformer  inputs  of  a  power  transformer  bank  differential  relay.  The 
current  signals  of  sensor  modules  RDT1A  and  RDT1B  are  recieved  by  CRTU  14  and  compared  in  the 
microprocessor.  If  there  is  a  need  to  provide  a  separate  relaying  ground  station  due  to  utility  operating 
practices,  the  CRTU  for  the  relaying  function  alone  may  be  simplified  to  the  form  shown  in  Figure  17.  The 

40  differential  current  signal  measured,  if  above  the  relay  setting,  is  used  to  drive  a  digital  relay.  Alternatively, 
the  digital  signal  is  converted  in  D/A  converter  278  and  used  to  actuate  an  analog  relay.  The  RF  signals  to 
and  from  the  individual  sensor  modules  can  be  replaced  by  an  optical  cable,  and  converted  to  analog 
electrical  signals  that  drive  a  differential  op-amp  which  provides  a  driving  signal  for  a  differential  relay  circuit 
above  a  pre-determined  threshold.  As  also  shown  in  Figure  17,  bus  differential  relay  protection  can  be 

45  performed  in  a  similar  manner  by  communicating  the  current  signals  from  sensor  modules  RDT1B,  RDT2B 
and  RDT3B  (and  other  sensor  modules  connected  to  the  same  bus)  to  the  same  ground  station  and 
comparing  the  signals  digitally  to  determine  if  the  difference  exceeds  a  pre-set  threshold. 

If  the  transceiver  sensor  modules  are  to  be  mounted  on  insulated  distribution  conductors,  a  special  hub 
is  used.  Such  a  hub  is  shown  in  Figure  18,  having  sharp  metal  protrusions  280  extending  from  hub  inner 

50  ring  70,  72  (Fig.  5),  through  insert  66,  68  to  pierce  the  conductor  insulation  282  and  to  provide  a  conducting 
path  between  the  inner  ring  70,  72  and  the  conductor.  Alternatively,  a  bucket  crew  using  rubber  gloves 
could  mount  the  sensor  module  over  a  stripped  portion  of  the  conductor. 

Claims 
55 

1.  A  system  for  installation  on  energized  AC  power  conductors  (12)  and  for  accurately  measuring  the 
value  of  the  voltage  and  current  associated  with  each  of  a  plurality  of  adjacent  AC  power  conductors, 
the  system  comprising  sensing  means  (10,84)  mounted  upon  each  of  the  conductors  (12)  for  sampling 

12 



EP  0  314  850  B1 

the  values  of  the  voltage  simultaneously  at  a  plurality  of  predetermined  times  and  the  current 
simultaneously  at  a  plurality  of  predetermined  times;  signal  transmitting  means  (124)  associated  with 
each  of  the  sensing  means  (10)  for  transmitting  signals  commensurate  with  the  voltage  value  at  each  of 
the  predetermined  times;  and  signal  receiving  (210)  and  processing  means  (172)  for  receiving  the 

5  transmitted  signals;  characterised  by  means  for  calculating  from  the  transmitted  signal  the  true  value  of 
the  voltage  on  each  of  the  conductors  (12)  taking  into  account  the  influence  of  adjacent  conductors  on 
the  measured  voltage  by  measuring  at  precisely  determined  times  with  respect  to  zero-crossing  the 
total  electric  charging  current  on  each  conductor  produced  by  the  voltage  on  all  conductors,  determin- 
ing  the  voltage  frequency,  and  calculating  from  these  values  the  electric  charging  current  due  only  to 

io  the  voltage  on  the  conductor,  thereby  obtaining  the  actual  voltage  on  the  conductor. 

2.  A  system  according  to  claim  1,  wherein  the  influence  of  adjacent  conductors  (12)  comprises  the 
charging  current  on  any  one  of  the  conductors  as  a  result  of  the  charging  current  present  on  the  other 
conductors. 

15 
3.  A  system  according  to  any  one  of  the  preceding  claims,  wherein  the  processing  means  (172)  includes 

calibration  factor  storage  means  (192)  responsive  to  the  state  of  energisation  or  deenergisation  of  each 
of  the  conductors  (12). 

20  4.  A  system  according  to  any  one  of  the  preceding  claims,  further  comprising  a  module  (10)  associated 
with  each  conductor  (12),  each  module  comprising  a  first,  substantially  cylindrical  housing  portion  (48) 
including  the  sensing  means;  mounting  means  including  hinge  members  (106,  108)  for  mounting  the 
module  (10)  upon  the  conductor  (12)  with  the  latter  extending  along  the  central  axis  of  the  cylindrical 
housing  portion  (48);  and  a  second  housing  portion  (50)  affixed  to  the  exterior  of  the  first  housing 

25  portion  (48)  and  extending  about  the  axis  thereof  not  more  than  about  150°,  the  second  housing 
portion  containing  the  hinge  members  (106,  108). 

5.  A  system  according  to  claim  4,  wherein  the  first  housing  portion  (48)  has  a  metallic  outer  skin  for 
measuring  the  voltage  on  the  conductor  (12). 

30 
6.  A  system  according  to  claim  5,  further  including  at  least  one  electrical  element  responsive  to  the 

electro-magnetic  field  of  the  conductor  (12)  mounted  within  the  first  housing  portion  (48),  and  wherein 
the  metallic  skin  is  divided  by  an  insulating  member  (60)  along  at  least  one,  complete,  peripheral  path 
to  prevent  an  electrical  short  circuit  loop  extending  entirely  around  the  element,  allowing  the  elec- 

35  tromagnetic  field  to  be  coupled  to  the  element. 

7.  A  system  according  to  any  one  of  claims  4  to  6,  wherein  the  first  housing  portion  (48)  has  no  sharp 
edges,  thereby  eliminating  corona  effects  due  to  the  voltage  on  the  conductor  (12). 

40  8.  A  system  according  to  any  one  of  claims  4  to  7,  wherein  the  second  housing  means  (50)  includes  an 
outer  wall  constructed  entirely  of  electrically  insulating  material. 

9.  A  system  according  to  any  one  of  claims  4  to  8,  wherein  the  first  (48)  and  second  (50)  housing  portions 
are  both  divided  along  a  plane  parallel  to  the  central  axis  into  right  (54)  and  left  (52)  sections,  and  the 

45  mounting  means  includes  means  for  effecting  relative  movement  of  the  sections  away  from  and 
towards  one  another  for  mounting  of  the  module  upon  the  conductor  (12). 

10.  A  system  according  to  any  one  of  claims  4  to  9,  wherein  the  first  housing  portion  contains  synch- 
ronising  means  for  taking  simultaneous  measurements  of  the  voltage  and  current  on  the  conductor. 

50 
11.  A  system  according  to  claim  10,  wherein  the  synchronising  means  comprises  a  power  line  carrier 

signal  injected  on  the  conductor  (12)  and  detected  by  the  module  (10). 

12.  A  system  according  to  claim  10  or  claim  11,  further  including  means  for  taking  the  simultaneous 
55  measurements  of  voltage  and  current  at  a  plurality  of  spaced  times  within  a  single  cycle  of  each 

parameter. 
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13.  A  system  according  to  any  one  of  the  preceding  claims,  wherein  the  transmitting  means  (124) 
comprises  an  RF  transmitter  and  antenna. 

14.  A  system  according  to  any  one  of  claims  1  to  12,  wherein  the  transmitting  means  (124)  comprises  a 
5  fibre  optic  link  connecting  the  module  with  means  for  receiving  the  signals. 

15.  A  system  according  to  claim  14,  wherein  the  receiving  means  (210)  comprises  a  further  line-mounted 
module  (18)  and  means  carried  thereby  for  communicating  the  data  to  a  ground  station  (15). 

70  16.  A  system  according  to  claim  12,  wherein  the  plurality  of  predetermined  times  are  evenly  spaced  times 
within  each  cycle  of  the  parameter,  and  the  signal  transmitting  means  (124)  transmits,  in  use, 
predetermined  number  of  successive  values  sequentially  to  the  signal  receiving  means  (126)  which  is 
remote  from  the  module;  and  further  comprising  means  for  storing  the  sampled  values. 

75  17.  A  system  according  to  claim  16,  wherein  the  number  of  samples  within  each  cycle  is  related  to  the 
highest  frequency  component  of  the  parameter  to  be  measured. 

18.  A  system  according  to  claim  16,  wherein  the  number  of  samples  within  each  cycle  is  variable  in 
response  to  changes  in  parameter  from  one  cycle  to  the  next. 

20 
19.  A  system  according  to  claim  16,  wherein  the  number  of  samples  within  each  cycle  is  variable  in 

response  to  a  predetermined  rate  of  change  of  the  parameter  within  a  cycle. 

20.  A  system  according  to  claim  19,  wherein  the  number  of  samples  within  each  cycle  is  increased  by  a 
25  predetermined  multiple  in  response  to  a  predetermined  increase  in  the  rate  of  change  of  the  parameter. 

21.  A  system  according  to  claim  4,  wherein  the  sensor  module  (10),  in  use,  measures  the  voltage  during 
successive  cycles  of  the  parameter;  the  signal  transmitting  means  (124)  transmits,  in  use,  signals  on 
either  of  first  and  second  transmission  channels;  and  the  signal  processing  means  (172),  in  use,  stores 

30  and  compares  the  values  in  successive  cycles  of  the  parameter;  and  further  comprising  means 
responsive  to  the  difference  between  the  values  in  successive  cycles  to  cause  the  transmitting  means 
(124)  to  transmit  on  the  first  and  second  channels  when  the  difference  is  above  and  below,  respec- 
tively,  a  predetermined  threshold  level. 

35  22.  A  system  according  to  claim  21,  wherein  the  signal  transmitting  means  (124)  comprises  an  RF 
transmitter  having  at  least  two  crystals  for  respective  transmissions  on  the  first  and  second  channels. 

23.  A  system  according  to  claim  21  or  claim  22,  wherein  the  threshold  level  constitutes  a  magnitude  of  the 
voltage  indicating  an  alarm  condition. 

40 
24.  A  system  according  to  claim  23,  further  including  means  responsive  to  reception  of  signals  on  the  first 

channel  for  operating  an  alarm-responsive  device. 

25.  A  system  according  to  any  one  of  claims  21  to  24,  further  including  means  adapted  to  disable 
45  transmission  on  the  second  channel,  thereby  permitting  transmission  on  the  first  channel,  in  response 

to  the  difference  being  above  the  threshold  level. 

26.  A  system  according  to  claim  10  when  dependent  on  claim  4,  wherein  the  signal  receiving  and 
processing  means  (126)  are  situated  in  a  ground  station  (15);  the  ground  station  further  including 

50  means  for  receiving  substation  analog  signals  from  existing  current  and  potential  transformers  adapted 
to  measure  the  values  of  current  and  voltage  on  a  second  plurality  of  conductors  and  generate  second 
metering  signals  in  response  thereto;  and  further  comprising  means  for  multiplexing  the  second 
metering  signals  for  processing  at  the  ground  station;  and  means  at  the  ground  station  for  integrating  in 
a  single  processor  the  processing  of  the  first  and  second  metering  signals. 

55 
27.  A  system  according  to  claim  26,  wherein  the  ground  station  (15)  further  includes  means  for  monitoring 

alarm  status,  sequence-of-events,  and  performing  select-before-operate  control  functions  through  inter- 
posing  relays,  pulse  control  and  means  for  processing  non-metering  analog  and  pulse/digital  signals. 

14 
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28.  A  system  according  to  claim  26  or  27,  wherein  the  ground  station  (15)  further  includes  means  for 
establishing  from  the  first  metering  signals  whether  each  of  the  conductors  of  the  first  plurality  is 
energised,  and  means  for  selecting  an  appropriate  scale  factor  to  be  applied  to  the  voltage  reading  of 
each  of  the  sensor  modules  in  accordance  with  the  state  of  energisation  of  adjacent  conductors. 

5 
Patentanspruche 

1.  System  zur  Installation  an  spannungsfuhrenden  Wechselstromleitungen  (12)  und  zur  genauen  Messung 
der  Werte  von  Spannung  und  Strom,  die  einer  jeden  von  mehreren  benachbarten  Wechselstromleitun- 

io  gen  zugeordnet  sind,  wobei  das  System  an  jeder  der  Leitungen  (12)  angebrachte  Sensormittel  (10,  84), 
urn  die  Spannungswerte  gleichzeitig  zu  mehreren  vorbestimmten,  Zeitpunkten  und  die  Stromwerte 
gleichzeitig  zu  mehreren  vorbestimmten  Zeitpunkten  zu  messen;  einem  jedem  der  Sensormittel  (10) 
zugeordnete  Signalubertragungsmittel  (124),  urn  dem  Spannungswert  zu  jedem  der  vorbestimmten 
Zeitpunkte  entsprechende  Signale  zu  ubermitteln;  und  Signalempfangs-  (210)  und  -verarbeitungsmittel 

is  (172),  urn  die  ubertragenen  Signale  zu  empfangen,  umfaBt; 
gekennzeichnet  durch 

-  Mittel  zur  Berechnung  des  wahren  Wertes  der  Spannung  an  einer  jeden  der  Leitungen  (12)  aus 
dem  ubertragenen  Signal, 

-  wobei  der  EinfluB  benachbarter  Leitungen  auf  die  gemessene  Spannung  berucksichtigt  wird, 
20  -  indem  zu  genau  festgelegten  Zeitpunkten  relativ  zum  Nulldurchgang  der  durch  die  Spannungen 

auf  alien  Leitungen  erzeugte  elektrische  Gesamtaufladestrom  einer  jeden  Leitung  gemessen  wird, 
-  die  Frequenz  der  Spannung  bestimmt  wird, 
-  und  aus  diesen  Werten  der  lediglich  auf  die  Spannung  an  der  Leitung  zuruckzufuhrende 

elektrische  Aufladestrom  berechnet  wird, 
25  -  wodurch  man  die  tatsachliche  Spannung  an  der  Leitung  erhalt. 

2.  System  nach  Anspruch  1,  bei  dem  der  EinfluB  benachbarter  Leitungen  (12)  den  Aufladestrom  in 
irgendeiner  der  Leitungen  als  Resultat  der  in  den  anderen  Leitungen  vorhandenen  Aufladestrome 
umfaBt. 

30 
3.  System  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  Verarbeitungsmittel  (172)  Mittel  (192) 

zur  Speicherung  von  Kalibrierungsfaktoren  einschlieBen,  die  auf  den  spannungsfuhrenden  Zustand  oder 
nichtspannungsfuhrenden  Zustand  einer  jeden  der  Leitungen  (12)  reagieren. 

35  4.  System  nach  einem  der  vorhergehenden  Anspruche,  das  ferner  ein  jeder  Leitung  (12)  entsprechend 
zugeordnetes  Modul  (10)  beinhaltet,  wobei  jedes  Modul  einen  ersten,  im  wesentlichen  zylindrischen 
Gehauseteil  (48)  einschlieBlich  der  Sensormittel;  Befestigungsmittel  einschlieBlich  Gelenkbauteilen  (106, 
108),  urn  das  Modul  (10)  auf  der  Leitung  (12)  zu  montieren,  wobei  letztere  sich  entlang  der  Mittenachse 
des  zylindrischen  Gehauseteils  (48)  erstreckt;  und  einen  zweiten  Gehauseteil  (50)  umfaBt,  der  die 

40  Gelenkbauteile  (106,  108)  enthalt,  an  der  AuBenseite  des  ersten  Gehauseteils  (48)  angebracht  ist  und 
sich  nicht  mehr  als  etwa  150°  urn  die  Achse  desselben  herum  erstreckt. 

5.  System  nach  Anspruch  4,  bei  dem  der  erste  Gehauseteil  (48)  eine  metallische  AuBenhaut  aufweist,  urn 
die  Spannung  an  der  Leitung  (12)  zu  messen. 

45 
6.  System  nach  Anspruch  5,  das  ferner  mindestens  ein  elektrisches  Bauteil  enthalt,  das  auf  das 

elektromagnetische  Feld  der  innerhalb  des  ersten  Gehauseteils  (48)  befestigten  Leitung  (12)  anspricht, 
und  worin  die  metallische  AuBenhaut  durch  ein  isolierendes  Bauteil  (60)  entlang  mindestens  eines 
vollstandigen,  an  der  AuBenseite  befindlichen  Pfades  aufgeteilt  ist,  so  daB  eine  sich  vollstandig  urn  das 

50  Bauteil  erstreckende  elektrische  KurzschluBschleife  verhindert  wird  und  das  elektromagnetische  Feld  an 
das  Bauteil  ankoppeln  kann. 

7.  System  nach  einem  der  Anspruche  4  bis  6,  bei  dem  der  erste  Gehausteil  (48)  keine  scharfen  Kanten 
aufweist,  wodurch  Koronaeffekte  aufgrund  der  Spannung  an  der  Leitung  (12)  vermieden  werden. 

55 
8.  System  nach  eine  der  Anspruche  4  bis  7,  bei  dem  die  zweiten  Gehausemittel  (50)  ein  auBere  Wand 

beinhalten,  die  vollstandig  aus  elektrisch  isollierendem  Material  aufgebaut  ist. 

15 
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9.  System  nach  einem  der  Anspruche  4  bis  8,  bei  dem  die  ersten  (48)  und  zweiten  (50)  Gehauseteile 
beide  entlang  einer  zur  Mittenachse  parallelen  Ebene  in  rechte  (54)  und  linke  (52)  Abschnitte  aufgeteilt 
sind,  und  die  Befestigungsmittel  Mittel  beinhalten,  die  eine  relative  Bewegung  der  Abschnitte  voneinan- 
der  weg  und  aufeinander  zu  bewirken  und  der  Montage  des  Moduls  auf  der  Leitung  (12)  dienen. 

5 
10.  System  nach  einem  der  Anspruche  4  bis  9  ,  bei  dem  der  erste  Gehauseteil  Synchronisationsmittel 

enthalt,  urn  gleichzeitige  Messungen  von  Spannung  und  Strom  auf  der  Leitung  vorzunehmen. 

11.  System  nach  Anspruch  10,  bei  dem  die  Synchronisationsmittel  ein  Leitungs-Tragersignal  umfassen, 
io  das  in  die  Leitung  (12)  eingespeist  und  durch  das  Modul  10  detektiert  wird. 

12.  System  nach  Anspruch  10  oder  Anspruch  11,  das  ferner  Mittel  enthalt,  urn  die  gleichzeitigen 
Messungen  von  Spannung  und  Strom  zu  mehreren  verschiedenen  Zeitpunkten  innerhalb  einer  einzigen 
Periode  eines  jeden  Parameters  vorzunehmen. 

15 
13.  System  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  Ubertragungsmittel  (124)  einen  RF- 

(Radiofrequenz-)  Sender  und  eine  Antenne  umfassen. 

14.  System  nach  einem  der  Anspruche  1  bis  12,  bei  dem  die  Ubertragungsmittel  (124)  eine  faseroptische 
20  Verbindung  umfassen,  die  die  Module  mit  Mitteln  zum  Empfang  der  Signale  verbindet. 

15.  System  nach  Anspruch  14,  bei  dem  die  Empfangsmittel  (210)  ein  weiteres  auf  einer  Leitung  befestigtes 
Modul  (18)  und  von  diesem  getragene  Mittel  umfassen,  urn  die  Daten  an  eine  Bodenstation  (15)  zu 
ubermitteln. 

25 
16.  System  nach  Anspruch  12,  bei  dem  die  genannten  mehreren  vorbestimmten  Zeitpunkte  Zeitpunkte  mit 

regelmaBigen  Abstanden  innerhalb  jeder  Periode  des  Parameters  sind,  und  die  Signalubertragungsmit- 
tel  (124)  wahrend  ihres  Einsatzes  eine  vorbestimmte  Anzahl  aufeinanderfolgender  Werte  der  Reihe 
nach  an  die  entfernt  von  den  Modulen  angeordneten  Signalempfangsmittel  (126)  ubertragen;  und  das 

30  ferner  Mittel  zur  Speicherung  der  gemessenen  Werte  umfaBt. 

17.  System  nach  Anspruch  16,  bei  dem  die  Anzahl  der  MeBwerte  innerhalb  einer  jeden  Periode  mit  der 
hochsten  Frequenzkomponente  des  zu  messenden  Parameters  zusammenhangt. 

35  18.  System  nach  Anspruch  16,  bei  dem  die  Anzahl  der  MeBwerte  innerhalb  einer  jeden  Periode  als 
Reaktion  auf  Veranderungen  des  Parameters  von  einer  Periode  zur  nachsten  variabel  ist. 

19.  System  nach  Anspruch  16,  bei  dem  die  Anzahl  der  MeBwerte  innerhalb  einer  jeden  Periode  als 
Reaktion  auf  eine  vorbestimmte  Anderungsrate  des  Parameters  innerhalb  einer  Periode  variabel  ist. 

40 
20.  System  nach  Anspruch  19,  bei  dem  die  Anzahl  der  MeBwerte  innerhalb  einer  jeden  Periode  als 

Reaktion  auf  eine  vorbestimmte  Erhohung  in  der  Anderungsrate  des  Parameters  urn  ein  vorbestimmtes 
Vielfaches  erhoht  wird. 

45  21.  System  nach  Anspruch  4,  bei  dem  das  Sensormodul  (10)  wahrend  seines  Einsatzes  die  Spannung 
wahrend  aufeinanderfolgender  Perioden  des  Parameters  miBt;  die  Signalubertragungsmittel  (124)  wah- 
rend  ihres  Einsatzes  Signale  auf  einem  ersten  oder  auf  einem  zweiten  Ubertragungskanal  ubermitteln; 
und  die  Signalverarbeitungsmittel  (172)  wahrend  ihres  Einsatzes  die  Werte  in  aufeinanderfolgenden 
Perioden  des  Parameters  speichern  und  vergleichen;  wobei  das  System  ferner  Mittel  umfaBt,  die  auf 

50  die  Differenz  zwischen  den  Werten  in  aufeinanderfolgenden  Perioden  reagieren,  urn  die  Ubertragungs- 
mittel  (124)  zu  veranlassen,  auf  dem  ersten  und  dem  zweiten  Kanal  zu  ubertragen,  wenn  die  Differenz 
oberhalb  bzw.  unterhalb  eines  vorbestimmten  Schwellenwertes  liegt. 

22.  System  nach  Anspruch  21,  bei  dem  die  Signalubertragungsmittel  (124)  einen  RF-(Radiofrequenz- 
55  )Sender  umfassen,  der  mindestens  zwei  Quarze  fur  die  jeweilige  Ubertragung  auf  den  ersten  und 

zweiten  Kanal  besitzt. 

16 
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23.  System  nach  Anspruch  21  oder  Anspruch  22,  bei  dem  der  Schwellenwert  ein  MaB  der  eine  Alarmbedin- 
gung  anzeigenden  Spannung  ist. 

24.  System  nach  Anspruch  23,  das  ferner  Mittel  umfaBt,  die  auf  den  Empfang  von  Signalen  auf  dem  ersten 
5  Kanal  reagieren,  urn  ein  auf  eine  Alarmmeldung  reagierendes  Bauteil  zu  betreiben. 

25.  System  nach  einem  der  Anspruche  21  bis  24,  das  ferner  Mittel  umfaBt,  die  als  Reaktion  auf  eine 
oberhalb  des  Schwellenwertes  liegende  Differenz  eine  Ubertragung  auf  dem  zweiten  Kanal  verhindern, 
wodurch  eine  Ubertragung  auf  dem  ersten  Kanal  ermoglicht  wird. 

10 
26.  System  nach  Anspruch  10  in  Verbindung  mit  Anspruch  4,  bei  dem  die  Signalempfangs-  und  -verarbei- 

tungsmittel  (126)  sich  in  einer  Bodenstation  (15)  befinden;  wobei  die  Bodenstation  ferner  Mittel  enthalt 
zum  Empfang  von  Analogsignalen  aus  Unterstationen  von  existierenden  Strom-  und  Potentialumfor- 
mern,  die  fur  eine  Messung  der  Strom-  und  Spannungswerte  an  einer  zweiten  Anzahl  von  Leitungen 

is  ausgelegt  sind  und  als  Reaktion  darauf  eine  zweite  Anzahl  von  MeBsignalen  erzeugen;  und  ferner  Mittel 
umfaBt,  urn  die  zweite  Anzahl  von  MeBsignalen  fur  eine  Verarbeitung  in  der  Bodenstation  zu  multiple- 
xen;  und  Mittel  in  der  Bodenstation,  urn  die  Verarbeitung  der  ersten  und  der  zweiten  Anzahl  von 
MeBsignalen  in  einem  einzigen  Prozessor  zusammenzufassen. 

20  27.  System  nach  Anspruch  26,  bei  dem  die  Bodenstation  (15)  ferner  Mittel  enthalt,  urn  den  Alarmstatus 
und  die  Ereignisabfolge  zu  uberwachen  und  mittels  zwischengeschalteter  Relais,  Impulskontrolle  und 
Mitteln  zu  Verarbeitung  nicht  messender  analoger  und  gepulster/digitaler  Signale  Kontrollfunktionen 
auszuuben,  die  eine  Auswahlentscheidung  vor  dem  Ringreifen  erfordern. 

25  28.  System  nach  Anspruch  26  oder  27,  bei  die  dem  Bodenstation  (15)  ferner  Mittel  umfaBt,  urn  aus  den 
ersten  MeBsignalen  festzustellen,  ob  jede  der  Leitungen  in  der  ersten  Anzahl  Spannung  fuhrt,  sowie 
Mittel,  urn  einen  geeigneten  Skalenfaktor  auszuwahlen,  der  entsprechend  der  Spannungsfuhrung  der 
benachbarten  Leitungen  bei  den  SpannungsmeBwerten  eines  jeden  der  Sensormodule  angewandt  wird. 

30  Revendicatlons 

1.  Systeme  destine  a  etre  installe  sur  des  conducteurs  de  courant  alternatif  excites,  c'est-a-dire  sous 
tension,  (12)  et  servant  a  mesurer  avec  precision  les  valeurs  de  la  tension  et  du  courant  qui  sont 
associes  a  chaque  conducteur  d'une  pluralite,  de  conducteurs  de  courant  alternatif  adjacents,  le 

35  systeme  comprenant  un  moyen  de  detection  (10,  84)  monte  sur  chacun  des  conducteurs  (12)  afin 
d'echantillonner  les  valeurs  de  la  tension  simultanement  en  une  pluralite  d'instants  predetermines  et  du 
courant  simultanement  en  une  pluralite  d'instants  predetermines  ;  un  moyen  (124)  d'emission  de 
signaux  associe  a  chacun  des  moyens  de  detection  (10)  et  servant  a  emettre  des  signaux  proportion- 
nels  a  la  valeur  de  la  tension  en  chacun  des  instants  predetermines  ;  et  un  moyen  de  reception  (210) 

40  et  de  traitement  (172)  de  signaux  servant  a  recevoir  les  signaux  emis  ;  caracterise  par  un  moyen 
servant  a  calculer,  a  partir  du  signal  emis,  la  valeur  vraie  de  la  tension  sur  chacun  des  conducteurs 
(12),  tenant  compte  de  I'influence  des  conducteurs  adjacents  sur  la  tension  mesuree,  ce  moyen 
operant  par  la  mesure,  a  des  instants  determines  avec  precision  par  rapport  au  passage  par  zero,  du 
courant  de  charge  electrique  total  produit  sur  chaque  conducteur  par  la  tension  existant  sur  tous  les 

45  conducteurs,  la  determination  de  la  frequence  de  la  tension,  et  le  calcul,  a  partir  de  ces  valeurs,  du 
courant  de  charge  electrique  qui  n'est  du  qu'a  la  tension  presente  sur  le  conducteur,  de  sorte  qu'on 
obtient  la  tension  reelle  existant  sur  le  conducteur. 

2.  Systeme  selon  la  revendication  1,  oil  I'influence  de  conducteurs  adjacents  (12)  comprend  le  courant  de 
50  charge  existant  sur  I'un  quelconque  des  conducteurs  du  fait  du  courant  de  charge  present  sur  les 

autres  conducteurs. 

3.  Systeme  selon  I'une  quelconque  des  revendications  precedentes,  ou  le  moyen  de  traitement  (172) 
comporte  un  moyen  (192)  de  memorisation  de  facteurs  d'etalonnage  qui  repond  a  I'etat  d'excitation,  ou 

55  etat  sous  tension,  ou  a  I'etat  de  desexgitation,  ou  etat  hors  tension,  de  chacun  des  conducteurs  (12). 

4.  Systeme  selon  I'une  quelconque  des  revendications  precedentes,  comprenant  en  outre  un  module  (10) 
associe  a  chaque  conducteur  (12),  chaque  module  comprenant  une  premiere  partie  de  boltier 

17 
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sensiblement  cylindrique  (48)  comportant  le  moyen  de  detection  ;  un  moyen  de  montage  comportant 
des  elements  charnieres  (106,  108)  servant  a  monter  le  module  (10)  sur  le  conducteur  (12)  de  fagon 
que  ce  dernier  s'etende  suivant  I'axe  central  de  la  partie  de  boltier  cylindrique  (48)  ;  et  une  deuxieme 
partie  de  boltier  (50)  fixee  a  I'exterieur  de  la  premiere  partie  de  boltier  (48)  et  s'etendant  autour  de  son 

5  axe  de  fagon  a  ne  pas  depasser  Tangle  de  150°,  la  deuxieme  partie  de  boltier  contenant  les  elements 
charnieres  (106,  108). 

5.  Systeme  selon  la  revendication  4,  ou  la  premiere  partie  de  boltier  (48)  possede  un  recouvrement 
metallique  externe  servant  a  mesurer  la  tension  presente  sur  le  conducteur  (12). 

10 
6.  Systeme  selon  la  revendication  5,  comportant  en  outre  au  moins  un  element  electrique  qui  repond  au 

champ  electromagnetique  du  conducteur  (12)  monte  a  I'interieur  de  la  premiere  partie  de  boltier  (48), 
et  ou  le  recouvrement  metallique  est  divise  par  un  element  isolant  (60)  s'etendant  le  long  d'au  moins 
un  trajet  peripherique  complet  afin  d'empecher  une  boucle  de  court-circuit  electrique  qui  s'etendrait 

is  entierement  autour  de  I'element,  ce  qui  permet  le  couplage  du  champ  electromagnetique  a  I'element. 

7.  Systeme  selon  I'une  quelconque  des  revendications  4  a  6,  ou  la  premiere  partie  de  boltier  (48)  ne 
possede  aucune  arete  aigue,  ce  qui  elimine  les  effets  "corona"  dus  a  la  tension  presente  sur  le 
conducteur  (12). 

20 
8.  Systeme  selon  I'une  quelconque  des  revendications  4  a  7,  ou  la  deuxieme  partie  de  boltier  (50) 

comporte  une  paroi  externe  entierement  constitute  d'un  materiau  electriquement  isolant. 

9.  Systeme  selon  I'une  quelconque  des  revendications  4  a  8,  ou  les  premiere  et  deuxieme  parties  de 
25  boltier  (48  et  50)  sont  toutes  deux  divisees,  le  long  d'un  plan  parallele  a  I'axe  central,  en  sections  droite 

(54)  et  gauche  (52),  et  le  moyen  de  montage  comporte  un  moyen  permettant  de  realiser  un 
deplacement  relatif  des  sections,  de  fagon  a  pouvoir  les  ecarter  et  les  rapprocher  I'une  de  I'autre,  pour 
le  montage  du  module  sur  le  conducteur  (12). 

30  10.  Systeme  selon  I'une  quelconque  des  revendications  4  a  9,  ou  la  premiere  partie  de  boltier  contient  un 
moyen  de  synchronisation  servant  a  prendre  des  mesures  simultanees  de  la  tension  et  du  courant 
presents  sur  le  conducteur. 

11.  Systeme  selon  la  revendication  10,  ou  le  moyen  de  synchronisation  comprend  un  signal  porteur  sur 
35  ligne  de  transport  d'energie,  qui  est  injecte  sur  le  conducteur  (12)  et  est  detecte  par  le  module  (10). 

12.  Systeme  selon  la  revendication  10  ou  11,  comportant  en  outre  un  moyen  servant  a  prendre  les 
mesures  simultanees  de  la  tension  et  du  courant  en  une  pluralite  d'instants  separes  contenus  a 
I'interieur  d'un  unique  cycle  de  chaque  parametre. 

40 
13.  Systeme  selon  I'une  quelconque  des  revendications  precedentes,  ou  le  moyen  d'emission  (124) 

comprend  un  emetteur  RF  (radio-frequence)  et  une  antenne. 

14.  Systeme  selon  I'une  quelconque  des  revendications  1  a  12,  ou  le  moyen  d'emission  (124)  comprend 
45  une  liaison  par  fibres  optiques  reliant  le  module  avec  le  moyen  destine  a  recevoir  les  signaux. 

15.  Systeme  selon  la  revendication  14,  ou  le  moyen  de  reception  (210)  comprend  un  module  supplemen- 
taire  (18)  monte  sur  la  ligne  et  un  moyen  porte  par  celui-ci  pour  transmettre  les  donnees  a  une  station 
au  sol  (15). 

50 
16.  Systeme  selon  la  revendication  12,  ou  les  instants  predetermines  sont  des  instants  uniformement 

repartis  a  I'interieur  de  chaque  cycle  du  parametre,  et  le  moyen  d'emission  de  signaux  (124)  emet 
sequentiellement,  en  utilisation,  un  nombre  predetermine  de  valeurs  successives  a  destination  du 
moyen  de  reception  de  signaux  (126),  lequel  est  eloigne  du  module  ;  et  comprenant  en  outre  un  moyen 

55  servant  a  memoriser  les  valeurs  echantillonnees. 

17.  Systeme  selon  la  revendication  16,  ou  le  nombre  d'echantillons  existant  a  I'interieur  de  chaque  cycle 
est  relie  a  la  plus  haute  composante  de  frequence  du  parametre  a  mesurer. 

18 
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18.  Systeme  selon  la  revendication  16,  ou  le  nombre  d'echantillons  a  I'interieur  de  chaque  cycle  est 
variable  en  fonction  de  variations  du  parametre  d'un  cycle  au  suivant. 

19.  Systeme  selon  la  revendication  16,  ou  le  nombre  d'echantillons  a  I'interieur  de  chaque  cycle  est 
5  variable  en  fonction  d'une  vitesse  de  variation  predeterminee  du  parametre  a  I'interieur  d'un  cycle. 

20.  Systeme  selon  la  revendication  19,  ou  le  nombre  d'echantillons  a  I'interieur  de  chaque  cycle  augmente 
d'un  multiple  predetermine  en  reponse  a  une  augmentation  predeterminee  de  la  vitesse  de  variation  du 
parametre. 

10 
21.  Systeme  selon  la  revendication  4,  ou  le  module  de  detection  (10)  mesure,  en  utilisation,  la  tension 

pendant  des  cycles  successifs  du  parametre  ;  le  moyen  d'emission  de  signaux  (124)  emet,  en 
utilisation,  des  signaux  sur  I'un  ou  I'autre  d'un  premier  et  d'un  deuxieme  canal  d'emission  ;  et  le  moyen 
de  traitement  de  signaux  (172)  memorise  et  compare,  en  utilisation,  les  valeurs  du  parametre  au  cours 

is  des  cycles  successifs  ;  et  comprenant  en  outre  un  moyen  qui  repond  a  la  difference  existant  entre  les 
valeurs  dans  des  cycles  successifs  en  faisant  que  le  moyen  d'emission  (124)  emette  sur  les  premier  et 
deuxieme  canaux  lorsque,  respectivement,  la  difference  est  au-dessus  et  au-dessous  d'un  niveau  de 
seuil  predetermine. 

20  22.  Systeme  selon  la  revendication  21,  ou  le  moyen  d'emission  de  signaux  (124)  comprend  un  emetteur 
RF  possedant  au  moins  deux  cristaux  lui  permettant  d'emettre  respectivement  sur  les  premier  et 
deuxieme  canaux. 

23.  Systeme  selon  la  revendication  21  ou  22,  ou  le  niveau  de  seuil  constitue  une  amplitude  de  la  tension 
25  indiquant  un  etat  d'alerte. 

24.  Systeme  selon  la  revendication  23,  comportant  en  outre  un  moyen  qui  repond  a  la  reception  de 
signaux  sur  le  premier  canal  en  activant  un  dispositif  de  reponse  a  une  alerte. 

30  25.  Systeme  selon  I'une  quelconque  des  revendications  21  a  24,  comportant  en  outre  un  moyen  destine  a 
invalider  remission  sur  le  deuxieme  canal,  de  fagon  a  permettre  remission  sur  le  premier  canal,  en 
reponse  au  fait  que  la  difference  est  au-dessus  du  niveau  de  seuil. 

26.  Systeme  selon  la  revendication  10  dependant  de  la  revendication  4,  ou  le  moyen  de  reception  de 
35  signaux  et  de  traitement  (126)  est  situe  dans  une  station  au  sol  (15)  ;  la  station  au  sol  comportant  en 

outre  un  moyen  destine  a  recevoir  des  signaux  analogiques  de  sous-stations  a  partir  de  transforma- 
teurs  existants  de  courant  et  de  potentiel  qui  sont  destines  a  mesurer  les  valeurs  du  courant  et  de  la 
tension  sur  une  deuxieme  pluralite  de  conducteurs  et  a  produire  des  deuxiemes  signaux  de  mesure  en 
reponse  a  celles-ci  ;  et  comprenant  en  outre  un  moyen  servant  a  multiplexer  les  deuxiemes  signaux  de 

40  mesure  en  vue  de  leur  traitement  dans  la  station  au  sol  ;  et  un  moyen  situe  dans  la  station  au  sol  et 
permettant  d'integrer,  dans  un  seul  dispositif  de  traitement,  le  traitement  des  premiers  et  deuxiemes 
signaux  de  mesure. 

27.  Systeme  selon  la  revendication  26,  ou  la  station  au  sol  (15)  comporte  un  moyen  servant  a  surveiller 
45  I'apparition  de  signaux  "etat  d'alerte",  "suite  des  evenements",  et  a  effectuer  des  fonctions  de 

commande  du  type  "selection  avant  action"  par  I'intermediaire  de  relais  interposes,  de  commande  par 
impulsions  et  un  moyen  servant  a  traiter  les  signaux  analogiques  et  pulses/numeriques  qui  ne  sont  pas 
des  signaux  de  mesure. 

50  28.  Systeme  selon  la  revendication  26  ou  27,  ou  la  station  au  sol  (15)  comporte  en  outre  un  moyen  servant 
a  etablir,  a  partir  des  premiers  signaux  de  mesure,  si  chacun  des  conducteurs  de  ladite  premiere 
pluralite  de  conducteurs  est  ou  non  excite,  et  un  moyen  servant  a  selectionner  un  facteur  d'echelle 
approprie  devant  etre  applique  a  la  lecture  de  la  tension  de  chacun  des  modules  de  detection  en 
fonction  de  I'etat  d'excitation  de  conducteurs  adjacents. 

55 
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