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Description 

The  present  invention  relates  to  protective  re- 
lay  circuits  for  use  in  AC  power  distribution  sys- 
tems  and  more  particularly  to  directional  overcur- 
rent  relays  used  for  transmission  line  protection. 

Directional  overcurrent  relays  are  used  in  AC 
power  transmission  line  protection  systems  to  de- 
termine  whether  a  fault  is  in  the  direction  of  the 
protected  zone  or  in  the  "reverse"  or  non-protected 
direction.  Negative  sequence  directional  overcur- 
rent  relays  are  particularly  useful  in  directional 
comparison  relay  schemes  because  they  are  es- 
sentially  unaffected  by  such  things  as  zero  se- 
quence  mutual  coupling. 

Prior  art  negative  sequence  overcurrent  trip 
units  were  primarily  responsive  to  the  level  of  neg- 
ative  sequence  current;  but  had  a  restraint  propor- 
tional  to  the  positive  sequence  current;  for  exam- 
ple,  h  -  Kli  .  Although  such  units  perform  satisfac- 
torily,  there  was  a  probability  of  false  tripping  be- 
cause  of  the  reliance  upon  the  level  of  negative 
sequence  current  by  the  unit  even  with  the  addition 
of  the  restraint  proportional  to  the  positive  se- 
quence  current.  In  addition,  prior  art  units  operated 
relatively  quickly  on  remote  external  faults  thereby 
increasing  the  probability  that  the  unit  would  op- 
erate  before  the  external  fault  was  cleared.  Further- 
more,  prior  art  overcurrent  trip  units  require  set- 
tings  which  must  be  increased  by  the  maximum 
negative  sequence  shunt  charging  current  (due  to 
the  shunt  capacitance  on  the  line),  based  on  maxi- 
mum  negative  sequence  voltage,  V2  on  the  line. 
This  was  required  to  prevent  a  misoperation  with  a 
tripping  scheme  and  to  assure  coordination  with 
the  remote  overcurrent  blocking  unit  in  a  blocking 
scheme.  However,  due  to  a  high  resistance  ground 
fault,  V2  will  be  substantially  less  than  its  worse 
case  maximum  value.  With  this  approach,  a  higher 
setting  on  h  -  Kli  due  to  the  fact  that  the  worse 
case  must  be  considered,  limits  the  sensitivity  of 
the  prior  art  units  to  ground  fault  resistance. 

An  aspect  of  the  present  invention  seeks  to 
provide  a  directional  overcurrent  relay  for  protec- 
tion  of  an  AC  power  transmission  line,  the  opera- 
tion  of  which  enhances  the  security  of  the  protec- 
tive  relaying  system. 

Another  aspect  of  the  present  invention  seeks 
to  provide  a  directional  overcurrent  unit  utilizing 
improved  operating  quantities  which  cause  the  unit 
to  operate  for  fewer  external  faults  than  prior  arts 
units. 

A  further  aspect  of  the  present  invention  seeks 
to  provide  a  directional  overcurrent  unit  that  will 
operate  correctly  should  a  second  fault  occur  on 
the  transmission  line  during  the  period  that  one 
pole  is  open. 

Yet  another  aspect  of  the  present  invention 
seeks  to  provide  a  directional  overcurrent  unit  for 
use  for  protection  of  an  AC  power  transmission  line 
which  has  comparatively  longer  operating  times  on 

5  remote  external  faults  than  do  prior  art  units  there- 
by  increasing  the  probability  that  the  external  fault 
will  be  clear  before  the  unit  can  operate,  thus 
diminishing  the  possibility  of  a  misoperation  where 
a  false  channel  operation  might  occur  during  the 

io  fault. 
A  still  further  aspect  of  the  present  invention 

seeks  to  provide  a  directional  overcurrent  unit 
which  has  increased  sensitivity  to  high  resistance 
ground  faults. 

75  An  aspect  of  the  present  invention  comprises  a 
directional  overcurrent  relay  which  includes  an  en- 
ergy  comparator  comprising  an  integrator  circuit 
and  a  level  detector  circuit.  The  output  of  the 
integrator  circuit  varies  as  a  function  of  the  mag- 

20  nitude  of  the  difference  between  operate  and  re- 
straint  signals,  which  provides  an  operating  time 
based  upon  fault  severity.  The  output  of  the  in- 
tegrator  circuit  is  coupled  to  the  input  of  the  level 
detector  circuit  which  generates  an  output  signal 

25  when  the  input  magnitude  exceeds  a  predeter- 
mined  trip  level.  This  results  in  comparatively  long- 
er  operating  times  on  remote  external  faults. 

The  directional  overcurrent  unit  of  the  present 
invention  utilizes  a  zero  sequence  operating  quan- 

30  tity  which  is  added  to  the  negative  sequence  op- 
erating  quantity  therefore  causing  the  negative  se- 
quence  component  of  the  current  to  have  less  of 
an  effect.  Advantage  is  taken  of  the  fact  that  the 
zero  sequence  current  is  typically  much  smaller 

35  than  the  positive  and  negative  sequence  for  exter- 
nal  faults. 

An  adaptive  restraint,  which  is  proportional  to 
the  negative  and  zero  sequence  voltages,  is  uti- 
lized  in  the  directional  overcurrent  unit  of  the 

40  present  invention  to  provide  increased  sensitivity  to 
higher  resistance  ground  faults.  As  the  negative 
(and  zero)  sequence  voltage  component  increases, 
the  restraint  correspondingly;  whereas,  for  little  or 
no  negative  (or  zero)  sequence  voltage  component, 

45  the  unit  of  the  present  invention  is  close  to  or  at  its 
most  sensitive  pick-up  value.  This  adaptive  re- 
straint  for  the  shunt  charging  current  results  in  the 
unit  having  a  greater  sensitivity  to  high  resistance 
ground  faults  as  compared  to  prior  art  schemes 

50  wherein  the  overcurrent  trip  unit  setting  must  be 
increased  by  the  maximum  negative  sequence 
shunt  current  based  on  the  maximum  negative 
sequence  voltage  on  the  line. 

In  the  overcurrent  blocking  function,  the  direc- 
55  tional  overcurrent  unit  of  the  present  invention  uti- 

lizes  a  portion  of  the  positive  sequence  current  as 
a  restraint  signal.  This  positive  sequence  current 
restraint  prevents  the  unit  from  operating  on  nega- 
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tive  sequence  currents  present  during  normal  load 
conditions  and  relieves  the  user  from  determining  a 
setting. 

The  invention  both  as  to  its  organization  and 
operation,  may  be  better  understood  by  reference 
to  the  following  illustrative  description  in  conjunc- 
tion  with  the  accompanying  drawings,  in  which:- 

Fig.  1  is  a  one  line,  block  diagram  of  a  current 
and  voltage  processing  portion  of  a  preferred 
embodiment  of  the  present  invention. 
Fig.  2  is  a  block  diagram  of  a  preferred  embodi- 
ment  of  a  negative  sequence  directional  trip  unit 
and  a  negative  sequence  directional  blocking 
unit  in  accordance  with  the  present  invention. 
Fig.  3  is  a  block  diagram  of  a  preferred  embodi- 
ment  of  an  integrated  summing  amplifier  and 
integrator  for  use  in  the  present  invention. 
Figure  4  is  a  block  diagram  of  a  preferred  em- 
bodiment  of  a  negative  and  zero  sequence  over- 
current  trip  unit  and  a  negative  and  zero  se- 
quence  overcurrent  blocking  unit  in  accordance 
with  the  present  invention. 

Referring  to  Fig.  1,  there  is  shown  a  three- 
phase  alternating  current  electric  power  transmis- 
sion  line,  generally  designated  10,  having  an  A 
phase  (A),  a  B  phase  (B),  a  C  phase  (C),  and 
ground  (G).  Each  of  the  three  phases  have  asso- 
ciated  with  it  means  12  for  sensing  the  current  in 
that  particular  phase  as  well  means  14  for  sensing 
voltage  on  that  phase.  As  is  well  known  to  those 
skilled  in  the  protective  relaying  and  power  trans- 
mission  art,  current  sensing  means  12  may  be  a 
current  transformer  and  voltage  sensing  means  14 
may  be  a  step  down  potential  transformer.  As 
shown  in  Fig.  1,  a  current  sensing  means  is  asso- 
ciated  with  each  phase;  means  12a  being  asso- 
ciated  with  phase  A,  means  12b  being  associated 
with  phase  B  and  means  12c  being  associated  with 
C.  Likewise,  there  is  a  separate  voltage  sensing 
means  14a  associated  with  phase  A,  means  14b 
associated  with  phase  B  and  means  1  4c  associated 
with  phase  C.  However,  it  is  to  be  understood  that 
although  a  specific  type  of  current  and  voltage 
sensing  scheme  is  depicted  in  Fig.  1,  other 
schemes  known  in  the  art  may  be  substituted  for 
that  depicted:  the  purpose  being  to  obtain  signals 
which  are  related  to  each  phase  voltage  and  each 
phase  current. 

The  output  from  the  current  sensing  means 
12a  is  coupled  to  a  first  transactor  16a;  the  output 
from  current  sensing  means  12b  is  coupled  to  a 
second  transactor  16b;  and  the  output  from  the 
current  sensing  means  12c  is  coupled  to  a  third 
transactor  16c.  As  in  known  in  the  art,  the  secon- 
dary  voltage  output  of  a  transactor  is  related  to  the 
input  current  by  a  complex  proportionality  constant 
or  vector  operator  known  as  the  transfer  impedance 
of  the  transactor.  For  transactors  1  6a,  1  6b  and  1  6c 

shown  in  Fig.  1,  the  transfer  impedance  of  each  is 
selected  to  be  equal  to  a  fixed  transfer  ratio  and  a 
fixed  angle,  for  example  85  °  .  Consequently,  the 
output  of  transactor  16a  is  a  signal  IAt  which  has, 

5  for  example  a  fixed  85  °  phase  shift  with  respect  to 
the  input  lA-  The  output  signals  IBt  and  lCT  from  the 
transactors  16b  and  16c  respectively,  are  similarly 
related  to  their  respective  inputs  lB  and  lc- 

The  outputs  of  the  transactors  16a,  16b  and 
io  16c  are  coupled  to  the  inputs  of  a  positive  se- 

quence  network  17,  a  first  negative  sequence  net- 
work  18  and  a  first  three-input  summing  amplifier 
19.  The  output  of  voltage  sensing  means  14a  is 
coupled  to  the  primary  of  a  first  transformer  20a; 

is  the  output  of  the  voltage  sensing  means  14b  is 
coupled  to  the  primary  of  a  second  transformer 
20b;  and  the  output  of  the  voltage  sensing  means 
14c  is  coupled  to  the  primary  of  a  third  transformer 
20c.  The  signals  from  the  secondaries  of  trans- 

20  formers  20a,  20b  and  20c  are  coupled  to  the  inputs 
of  a  second  three-input  summing  amplifier  21  and 
a  second  negative  sequence  network  22. 

It  is  well  understood  by  those  skilled  in  the  art 
of  electrical  power  transmission  relaying  that  phase 

25  currents  in  a  three-phase  alternating  current  circuit 
can  be  resolved  into  three  sets  of  symmetrical 
balanced  voltage  and  current  vectors  known  as 
positive  sequence,  negative  sequence  and  zero 
sequence  components.  It  is  also  well  known  that 

30  certain  circuits  called  "symmetrical  component  net- 
works"  can  be  connected  to  a  three-phase  elec- 
trical  power  system  to  provide  an  output  signal  that 
is  proportional  to  the  magnitude  of  the  selected 
one  of  the  three  sequence  components  of  voltage 

35  or  current.  The  positive  sequence  network  17  and 
first  18  and  second  22  negative  sequence  networks 
are  such  networks.  The  positive  sequence  network 
17  has  a  gain  substantially  equal  to  3  at  an  angle 
of  25  °  .  Consequently,  the  output  of  the  positive 

40  sequence  network  17  is  the  signal  3lAi  which,  in 
the  nomenclature  used  herein,  signifies  a  quantity 
have  three  times  the  magnitude  of  the  positive 
sequence  component  lAi  referenced  to  the  current 
flowing  in  the  A  phase  of  the  transmission  line. 

45  The  first  negative  sequence  network  18  has  a 
gain  which  is  substantially  equal  to  -3  at  a  angle  of 
25  °  .  Consequently,  the  output  of  the  first  negative 
sequence  network  18  is  the  signal  M3IA2  where,  in 
the  convention  used  herein,  M  signifies  that  the 

50  quantity  which  follows  is  the  inverse  of  the  quantity 
without  the  M  proceeding  it;  and  the  quantity  3IA2 
signifies  a  quantity  having  three  times  the  mag- 
nitude  of  the  negative  sequence  component  lA2 
referenced  to  the  current  flowing  in  the  A  phase  of 

55  the  transmission  line.  The  second  negative  se- 
quence  network  22  has  a  gain  which  is  substan- 
tially  equal  to  1  at  an  angle  of  25  °  .  Consequently, 
the  output  of  the  second  negative  sequence  net- 

3 
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work  22  is  the  negative  sequence  component  VA2 
of  the  voltage  on  the  A  phase  of  the  transmission 
line.  Further  detailed  descriptions  of  symmetrical 
component  networks  can  be  had  with  reference  to 
U.S.  Patent  No.  3,992,651  issued  to  Hodges;  and 
4,034,269  issued  to  Wilkinson,  both  of  which  pat- 
ents  as  well  as  U.S.  Patent  No.  4,342,062,  are 
assigned  to  the  assignee  herein  and  the  teachings 
of  all  are  incorporated  into  this  detailed  description 
by  reference  as  if  fully  set  forth  herein. 

The  output  3lAi  from  the  positive  sequence 
network  17  is  coupled  to  the  input  of  a  first  AC 
couple  circuit  23.  In  the  preferred  embodiment,  the 
first  AC  couple  circuit  23  comprises  a  non-inverting 
operational  amplifier  which  has  a  gain  of  one  for 
input  signals  at  the  nominal  power  system  fre- 
quency,  typically  60Hz  or  50Hz,  but  a  gain  sub- 
stantially  equal  to  zero  for  any  DC  component  in 
the  input  signal.  The  output  of  the  first  AC  couple 
circuit  23  is  the  signal  3lAiS  wherein  the  S  sig- 
nifies,  in  the  convention  used  herein,  that  the  signal 
is  the  output  of  an  AC  couple  circuit.  The  output 
M3IA2  from  the  first  negative  sequence  network  18 
is  coupled  to  the  input  of  a  first  band  pass  filter  24. 
In  the  preferred  embodiment,  the  first  band  pass 
filter  24  has  a  center  frequency  equal  to  the  nomi- 
nal  power  system  frequency,  typically  50  Hz  or  60 
Hz,  a  gain  of  -1  and  a  Q  of  approximately  2.  The 
output  of  the  first  band  pass  filter  24  is  the  signal 
3IA2F  wherein  the  F  signifies,  in  the  convention 
used  herein,  that  the  signal  has  been  filtered. 

In  the  preferred  embodiment,  the  first  three- 
input  summing  amplifier  19  is  summing  amplifier 
which  has  a  gain  substantially  equal  to  -1  at  an 
angle  of  25°.  The  output  M3loof  the  first  three- 
input  summing  amplifier  19  is  a  signal  which  is 
equal  to  the  negative  of  the  vector  sum  of  the  input 
signals.  The  output  of  the  first  three-input  summing 
amplifier  19  is  coupled  to  the  input  of  a  second 
band  pass  filter  25.  In  the  preferred  embodiment, 
the  second  band  pass  filter  25  has  a  center  fre- 
quency  equal  to  the  nominal  power  system  fre- 
quency,  typically  50Hz  or  60Hz,  a  gain  of  -1  and  a 
Q  of  approximately  2.  The  output  of  the  second 
band  pass  filter  25  is  the  signal  3loF.  In  the  pre- 
ferred  embodiment,  the  second  three-input  sum- 
ming  amplifier  is  the  same  type  as  the  previously 
described  first  three-input  summing  amplifier  hav- 
ing  a  gain  substantially  equal  to  -1/3  at  an  angle  of 
25  °  .  The  output  MV0  of  the  second  three-input 
summing  amplifier  21  is  the  inverse  of  the  zero 
sequence  component  of  the  voltage  on  the  trans- 
mission  line. 

Referring  now  to  Fig.  2,  there  is  shown  a 
negative  sequence  directional  trip  unit,  generally 
designated  30,  and  a  negative  sequence  directional 
blocking  unit  generally  designated  32.  The  signal 
VA2,  which  is  generated  as  described  with  respect 

to  Fig.  1,  is  coupled  to  a  switch  input  of  a  first 
electronic  switch  34  and  one  input  of  a  first  two 
input  summing  amplifier  36.  In  the  preferred  em- 
bodiment,  the  first  electronic  switch  34  is  controlled 

5  by  a  signal  applied  to  a  control  input.  Application  of 
a  control  signal  to  the  control  input  will  operate  the 
switch  thereby  connecting  the  signal  applied  to  in 
the  input  of  the  switch  directly  to  its  output.  With 
respect  to  the  first  electronic  switch  34,  a  "low" 

io  input  signal  applied  to  the  control  input  will  cause 
the  signal  at  the  switch  input  to  be  connected  to 
the  switch  output.  In  the  preferred  embodiment,  the 
first  two  input  summing  input  amplifier  36  is  an 
operational  amplifier  whose  output  is  equal  to  the 

is  vector  sum  of  the  inputs. 
The  output  of  the  first  electronic  switch  34  is 

coupled  to  the  input  of  a  third  band  pass  filter  38. 
In  the  preferred  embodiment,  the  third  band  pass 
filter  38  has  a  center  frequency  equal  to  the  nomi- 

20  nal  power  system  frequency,  typically  50  Hz  or  60 
Hz,  a  gain  of  -1  and  a  Q  of  approximately  3.8.  The 
output  of  the  third  band  pass  filter  38  is  coupled  to 
the  second  input  of  the  first  two  input  summing 
amplifier  36  through  a  second  electronic  switch  40. 

25  The  second  electronic  switch  40  is  preferably  the 
same  type  as  the  previously  described  first  elec- 
tronic  switch  34.  A  control  signal  (NOR  211),  which 
is  generated  to  switch  out  the  prefault  VA2  signal, 
for  reasons  which  will  be  subsequently  described, 

30  is  coupled  to  the  control  input  of  the  first  electronic 
switch  34  and  the  control  input  of  the  second 
electronic  switch  40. 

The  output  of  the  first  two  input  summing  am- 
plifier  36  is  coupled  to  the  input  of  a  phase  shift 

35  adjust  network  42.  In  the  preferred  embodiment, 
the  phase  shift  adjust  circuit  42  comprises  an  ad- 
justable  angle  "all  pass  filter".  The  output  of  the 
phase  shift  adjust  circuit  42,  which  is  substantially 
equal  to  the  input  signal  shifted  in  phase  by  a 

40  predetermined  amount  preferably  equal  to  the  dif- 
ference  in  impedance  angle  between  the  source 
and  the  line,  is  coupled  to  the  input  of  a  second  AC 
couple  circuit  44.  In  the  preferred  embodiment,  the 
second  AC  couple  circuit  44  is  of  the  same  type  as 

45  the  previously  described  first  AC  couple  circuit  23, 
comprising  a  non-inverting  operational  amplifier 
which  has  a  gain  of  one  for  input  signals  at  the 
nominal  power  frequency,  typically  50Hz  or  60Hz, 
but  a  gain  substantially  equal  to  zero  for  any  DC 

50  component  in  the  input  signal.  The  output  of  the 
second  AC  couple  circuit  44  is  connected  to  one 
input  of  a  third  three  input  summing  amplifier  46.  In 
the  preferred  embodiment,  the  third  three  input 
summing  amplifier  46  is  an  operational  amplifier 

55  whose  output  signal  is  equal  to  the  vector  sum  of 
the  inverting  and  non-inverting  input  signals. 

The  output  of  the  first  AC  couple  circuit  44  is 
also  coupled  to  one  input  of  a  second  two-input 

4 
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summing  amplifier  48.  In  the  preferred  embodi- 
ment,  the  second  two-input  summing  amplifier  48 
is  an  operational  amplifier  whose  output  signal  is 
equal  to  the  vector  sum  of  the  input  signals.  The 
output  of  the  third  three-input  summing  amplifier  46 
is  coupled  to  the  input  of  a  first  absolute  value 
circuit  50.  In  the  preferred  embodiment,  the  first 
absolute  value  circuit  50  comprises  a  full  wave 
precision  rectifier  of  the  type  shown  and  described 
on  pages  206  and  207  of  the  publication  entitled 
"IC  Op-AMP  Cookbook",  Second  Edition,  W.  G. 
Jung,  Howard  Sams  &  Co.,  Inc.  which  is  incor- 
porated  in  this  detailed  description  by  reference  as 
if  fully  set  forth  herein.  The  output  of  the  first 
absolute  value  circuit  50,  which  is  substantially 
equal  to  the  absolute  value  of  the  input  signal,  is 
coupled  to  a  non-inverting  input  of  a  third  two-input 
summing  amplifier  52.  In  the  preferred  embodi- 
ment,  the  third  two-input  summing  amplifier  52  is 
an  operational  amplifier  whose  output  signal  is 
equal  to  the  vector  sum  of  the  inverting  and  non- 
inverting  input  signals. 

The  output  of  the  second  two-input  summing 
amplifier  48  is  coupled  to  the  input  of  a  second 
absolute  value  circuit  54.  In  the  preferred  embodi- 
ment,  the  second  absolute  value  circuit  54  is  of  the 
same  type  as  the  previously  described  first  ab- 
solute  value  circuit  50.  The  output  of  the  second 
absolute  value  circuit  54,  which  is  substantially 
equal  to  the  absolute  value  of  the  input  signal,  is 
coupled  to  an  inverting  input  of  the  third  two-input 
summing  amplifier  52.  The  output  of  the  third  two- 
input  summing  amplifier  52  is  coupled  to  the  input 
of  a  first  adaptive  restraint  circuit  56,  a  non-invert- 
ing  input  of  a  four-input  summing  network  58  and 
the  input  of  a  half-wave  rectifier  circuit  60.  In  the 
preferred  embodiment  of  the  present  invention,  the 
adaptive  restraint  circuit  56  is  an  operational  am- 
plifier  integrator  circuit  with  a  very  long  time  con- 
stant.  The  output  of  the  first  adaptive  restraint  cir- 
cuit  56,  which  is  essentially  a  DC  signal  which  in 
steady  state  is  proportional  to  the  input,  is  coupled 
to  an  inverting  input  of  the  four-input  summing 
network  58.  In  the  preferred  embodiment,  the  four- 
input  summing  network  58  is  an  operational  am- 
plifier  which  generates  an  output  signal  having  a 
magnitude  which  is  equal  to  the  algebraic  sum  of 
the  magnitudes  of  the  input  signals  applied  to  the 
non-inverting  and  inverting  inputs. 

The  output  of  the  four-input  summing  network 
58  is  coupled  to  the  input  of  a  first  integrator  circuit 
62.  In  the  preferred  embodiment,  the  first  integrator 
circuit  62  and  the  four-input  summing  network  58 
utilize  a  common  operational  amplifier  64  as  shown 
in  Figure  3.  As  shown  in  Figure  3,  each  of  the  three 
inverting  inputs  of  the  summing  network  is  coupled 
to  one  terminal  of  an  associated  resistor,  Ri  ,  R2, 
and  R4.  The  non-inverting  input  is  coupled  to  one 

terminal  of  resistor  R3  through  an  inverter  65.  The 
other  terminals  of  resistors  R1  ,  through  R+  are 
connected  together  and  to  an  inverting  input  of  the 
operational  amplifier  64.  The  non-inverting  input  of 

5  the  operational  amplifier  64  is  connected  to  ground. 
A  feedback  resistor  RF  is  connected  in  parrallel  to  a 
feedback  capacitor  CF  with  this  parallel  combina- 
tion  being  connected  between  the  output  of  the 
operational  amplifier  64  and  the  inverting  input. 

10  Referring  again  to  Figure  2,  the  output  of  the 
first  integrator  62  which,  in  the  preferred  embodi- 
ment  is  the  output  of  the  operational  amplifier  64 
(See  Figure  3),  is  coupled  to  the  input  of  a  first 
level  detector  66.  The  output  NT  of  the  first  level 

15  detector  66,  is  a  signal  which  is  generated  when 
the  magnitude  of  the  input  signal  exceeds  a  pre- 
determined  level.  In  the  preferred  embodiment,  this 
predetermined  level  is  equal  to  60  mv  to  provide  a 
threshold  to  overcome  extraneous  signals. 

20  The  signal  3IA2F,  which  is  generated  as  de- 
scribed  in  accordance  with  Figure  1,  is  coupled  to 
the  input  of  a  third  electronic  switch  68  and  one 
input  of  a  fourth  two-input  summing  amplifier  70.  In 
the  preferred  embodiment,  the  third  electronic 

25  switch  68  is  the  same  type  as  the  previously  de- 
scribed  first  electronic  switch  34  in  that  a  "low" 
signal  applied  to  the  control  input  causes  the  signal 
3IA2F  applied  to  the  switch  input  to  be  connected  to 
the  switch  output.  The  fourth  two-input  summing 

30  amplifier  70  is  preferably  an  operational  amplifier 
whose  output  is  equal  to  the  vector  sum  of  the 
inputs.  The  output  of  the  third  electronic  switch  68 
is  coupled  to  the  input  of  a  fourth  band-pass  filter 
72.  The  fourth  band-pass  filter  72  is  preferably  of 

35  the  same  type  as  the  previously  described  first 
band-pass  filter  38,  having  a  center  frequency 
equal  to  the  nominal  power  system  frequency,  typi- 
cally  50Hz  or  60Hz,  a  gain  of  -1  and  a  Q  approxi- 
mately  equal  to  3.8. 

40  The  output  of  the  fourth  band-pass  filter  72  is 
coupled  to  the  other  input  of  the  fourth  two-input 
summing  amplifier  70  through  a  fourth  electronic 
switch  74.  In  the  preferred  embodiment,  the  fourth 
electronic  switch  74  is  the  same  type  as  the  pre- 

45  viously  described  first  electronic  switch  34  in  that  a 
"low"  signal  applied  to  the  control  input  will  cause 
the  signal  at  the  switch  input  to  be  connected  to 
the  switch  output.  The  NOR  211  signal  is  coupled 
to  the  control  inputs  of  the  third  68  and  fourth  74 

50  electronic  switches.  The  output  of  the  fourth  two- 
input  summing  amplifier  70  is  coupled  to  the  input 
of  a  reach  adjust  circuit  76.  In  the  preferred  em- 
bodiment,  the  reach  adjust  circuit  76  is  an  oper- 
ational  amplifier  with  fixed  gain  corresponding  to  a 

55  reach  of  20  ohms  on  a  5  amp  rated  relay.  The 
output  of  the  reach  adjust  circuit  76,  which  has 
been  adjusted  in  magnitude  to  provide  the  proper 
replica  impedance  reach  for  the  blocking  zone  pro- 

5 
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tection,  is  coupled  to  the  input  of  a  third  AC  couple 
circuit  78.  The  third  AC  couple  circuit  78  is  prefer- 
ably  the  same  type  as  the  previously  described 
first  AC  couple  circuit  23,  having  a  gain  of  one  for 
input  signals  at  the  nominal  power  system  fre- 
quency,  typically  50Hz  or  60Hz,  and  a  gain  of 
substantially  zero  for  any  DC  component  in  the 
input  signal. 

The  output  of  the  third  AC  couple  circuit  78  is 
coupled  to  an  inverting  input  of  the  third  three-input 
summing  amplifier  46,  the  second  input  of  the 
second  two-input  summing  amplifier  48,  one  input 
of  a  KT  circuit  80  and  one  input  of  a  fifth  two-input 
summing  amplifier  82.  In  the  preferred  embodi- 
ment,  the  KT  circuit  is  a  selectable  input  resistor  to 
summing  amplifiers  46  and  82.  The  output  of  the 
KT  circuit  80,  which  has  a  gain  equal  to  0.0  to  1  .0, 
is  coupled  to  the  second  input  of  the  fifth  two-input 
summing  amplifier  82  and  an  inverting  input  of  the 
third  three-input  summing  amplifier  46. 

The  fifth  two-input  summing  amplifier  82  is 
preferably  an  operational  amplifier  whose  output  is 
equal  to  the  vector  sum  of  the  inputs.  The  output  of 
the  fifth  two-input  summing  amplifier  82  is  coupled 
to  the  input  of  a  third  absolute  value  circuit  84.  In 
the  preferred  embodiment,  the  third  absolute  value 
circuit  84  is  of  the  same  type  as  the  previously 
described  first  absolute  value  circuit  50,  having  an 
output  which  is  substantially  equal  to  the  absolute 
value  of  the  input  signal.  The  output  of  the  third 
absolute  value  circuit  84  is  coupled  to  an  inverting 
input  of  a  first  five-input  summing  network  86.  In 
the  preferred  embodiment,  the  first  five-input  sum- 
ming  network  86  is  an  operational  amplifier  which 
generates  an  output  signal  having  a  magnitude 
which  is  equal  to  the  algebraic  sum  of  the  mag- 
nitudes  of  the  input  signals  applied  to  the  non- 
inverting  and  inverting  inputs. 

The  output  of  the  second  absolute  value  circuit 
54  is  coupled  to  a  non-inverting  input  of  the  first 
five-input  summing  network  86.  The  output  of  the 
half  wave  rectifier  60  is  coupled  to  an  inverting 
input  of  the  first  five-input  summing  network  86.  A 
restraint  bias  signal  is  coupled  to  an  inverting  input 
of  the  first  five-input  summing  network  86  and  an 
inverting  input  of  the  four-input  summing  network 
58  through  a  fifth  electronic  switch  88.  In  the  pre- 
ferred  embodiment,  the  fifth  electronic  switch  88  is 
the  same  type  as  the  previously  described  first 
electronic  switch  34  in  that  a  "low"  signal  applied 
to  the  control  input  will  cause  the  signal  applied  to 
the  switch  input  to  be  connected  to  the  switch 
output. 

A  bias  restraint  signal  is  coupled  to  an  inverting 
input  of  the  four-input  summing  network  58  and  an 
inverting  input  of  the  first  five-input  summing  net- 
work  86  through  a  sixth  electronic  switch  90.  In  the 
preferred  embodiment,  the  sixth  electronic  switch 

90  is  the  same  as  the  previously  described  first 
electronic  switch  34  except  that  a  "high"  signal 
applied  to  the  control  input  will  cause  the  signal 
applied  to  the  switch  input  to  be  connected  to  the 

5  switch  output.  A  restraint  control  signal  (AND  101), 
which  is  generated  to  switch  out  restraint  in  the 
negative  sequence  directional  trip  and  blocking 
units,  30  and  32  respectively,  for  reasons  which  will 
be  subsequently  described,  is  coupled  to  the  con- 

io  trol  input  of  the  fifth  electronic  switch  88.  A  restraint 
control  signal  (OR212),  which  is  generated  to 
switch  in  restraint  to  the  negative  sequence  direc- 
tional  trip  and  blocking  units,  30  and  32  respec- 
tively  for  reasons  which  will  be  subsequently  de- 

15  scribed,  is  coupled  to  the  control  input  of  the  sixth 
electronic  switch  90. 

The  output  of  the  first  five-input  summing  net- 
work  86  is  coupled  to  a  second  integrator  circuit 
92.  In  the  preferred  embodiment,  the  second  in- 

20  tegrator  circuit  92  and  the  five-input  summing  net- 
work  86  utilize  a  common  operational  amplifier  in 
the  same  fashion  as  that  described  for  the  five- 
input  summing  network  58  and  first  integrator  cir- 
cuit  62  and  shown  in  Figure  3.  The  difference 

25  being  that  the  five-input  summing  network  86  has 
four  inverting  inputs  which  are  each  coupled  to  one 
terminal  of  an  associated  resistor,  Ri  through  R+, 
and  a  non-inverting  input  which  is  coupled  to  a  fifth 
resistor  R5  through  an  inverter.  The  other  terminals 

30  of  resistors  R1  through  R5  are  connected  together 
and  to  the  inverting  input  of  the  operational  am- 
plifier.  The  output  of  the  integrator  circuit  92  which, 
in  the  preferred  embodiment,  is  the  output  of  the 
operational  amplifier,  is  coupled  to  the  input  of  a 

35  second  level  detector  94.  The  output  of  the  second 
level  detector  94  is  a  signal  NB,  generated  when 
the  input  exceeds  a  predetermined  level  which  is, 
in  the  preferred  embodiment  one-half  of  the  level 
used  in  the  trip  unit  NT  to  ensure  coordination  on 

40  external  faults. 
The  negative  sequence  directional  overcurrent 

tripping  and  blocking  unit  of  the  present  invention 
operate  as  follows.  Under  normal  load  conditions, 
the  signals  VA2  and  3IA2F  are  essentially  equal  to 

45  zero  because  load  currents  and  voltages  are  es- 
sentially  positive  sequence  quantities.  Signal  AND 
101  is  low  in  the  non-fault  condition  thus  supplying 
a  restraining  bias  to  summing  amplifiers  58  and  86. 
Consequently  there  is  no  output  from  level  detec- 

50  tors  66  and  94. 
On  the  occurrence  of  a  fault  in  the  blocking 

direction  (away  from  the  zone  of  protection),  the 
signals  VA2  and  3IA2F  are  approximately  in  phase. 
Thus,  these  two  signals  tend  to  subtract  in  sum- 

55  ming  amplifier  46  and  add  in  summing  amplifier 
48.  Therefore  summing  amplifier  52  produces  a  net 
restraining  signal  which  prevents  operation  of  NT 
while  summing  amplifier  86  tends  to  produce  a  net 
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operating  signal  causing  NB  to  produce  an  output. 
The  fault  currents  cause  the  associated  fault  detec- 
tor  to  operate  and  AND  101  produces  a  logic  one 
("high"  signal)  output  removing  restraint  bias  via 
switch  88. 

On  the  occurrence  of  a  fault  in  the  tripping 
direction  (toward  the  zone  of  protection),  the  sig- 
nals  VA2  and  3IA2F  are  approximately  180°  out  of 
phase.  Thus  these  two  signals  tend  to  add  in 
summing  amplifier  46  and  subtract  in  summing 
amplifier  48.  Therefore  summing  amplifier  52  pro- 
duces  a  net  operating  signal  which  causes  NT  to 
produce  an  output;  while  summing  amplifier  86 
tends  to  produce  a  net  restraining  signal  which 
causes  NB  not  to  operate.  When  summing  am- 
plifier  52  produces  a  signal  of  the  operate  polarity, 
half  wave  rectifier  60  passes  that  signal  to  sum- 
ming  amplifier  86  as  an  additional  restraint  for 
improved  coordination. 

On  the  occurrence  of  an  open  pole  following  a 
single  pole  trip  (in  single  pole  tripping  schemes), 
the  associated  logic  causes  NOR  21  1  to  go  to  the 
logic  zero  state  ("low"  signal)  which  turns  switches 
34,  40,  68  and  74  to  the  ON  condition.  This  inserts 
band  pass  filters  38  and  72  in  service.  Therefore, 
the  output  of  summing  amplifier  36  becomes  A  VA2 
and  is  essentially  zero  during  the  time  of  the  open 
pole,  even  through  VA2  has  a  value  during  an  open 
pole  condition.  Similarly,  the  output  of  summing 
amplifier  70  becomes  A  l2  and  is  essentially  zero 
during  the  open  pole.  Thus,  on  the  occurrence  of  a 
fault  during  the  open  pole  condition,  the  signals 
AVA2  and  Al2  will  respond  only  to  the  fault  quan- 
tities  and  will  not  be  influenced  by  the  unbalance 
caused  by  the  open  pole.  This  allows  the  negative 
sequence  directional  units  to  remain  in  service  and 
to  function  correctly  during  an  open  pole  condition. 

Referring  now  to  Figure  4  there  is  shown  a 
block  diagram  of  a  preferred  embodiment  of  a 
sequence  overcurrent  trip  unit  generally  designated 
100  and  a  sequence  overcurrent  blocking  unit  gen- 
erally  designated  102.  The  VA2  signal,  which  is 
generated  as  previously  described  with  respect  to 
Figure  1,  is  coupled  to  the  input  of  an  l2  shunt 
adjust  circuit  104.  In  the  preferred  embodiment,  the 
l2  shunt  adjust  circuit  104  is  adjusted  to  provide  a 
restraining  output  signal  proportional  to  the  nega- 
tive  sequence  charging  current  in  the  transmission 
line.  The  output  of  the  l2  shunt  adjust  circuit  104  is 
coupled  to  the  input  of  a  fourth  absolute  value 
circuit  106.  In  the  preferred  embodiment,  the  fourth 
absolute  value  circuit  106  is  of  the  same  type  as 
the  previously  described  first  absolute  value  circuit 
50,  having  an  output  which  is  substantially  equal  to 
the  absolute  value  of  the  input  signal. 

The  signal  MV0,  which  is  generated  as  pre- 
viously  described  with  respect  to  Figure  1  ,  is  coup- 
led  to  the  input  of  a  lo  shunt  adjust  circuit  108.  In 

the  preferred  embodiment,  the  lo  shunt  adjust  cir- 
cuit  108  is  adjusted  to  provide  a  restraining  output 
signal  proportional  to  the  zero  sequence  charging 
current  in  the  transmission  line.  The  output  of  the  lo 

5  shunt  adjust  circuit  108  is  coupled  to  the  input  of  a 
fifth  absolute  value  circuit  110.  In  the  preferred 
embodiment,  the  fifth  absolute  value  circuit  110  is 
of  the  same  type  as  the  previously  described  first 
absolute  value  circuit  50,  having  an  output  which  is 

io  substantially  equal  to  the  absolute  value  of  the 
input  signal. 

The  signal  3loF,  which  is  generated  as  pre- 
viously  described  with  respect  to  Figure  1  ,  is  coup- 
led  to  the  input  of  a  sixth  absolute  value  circuit 

is  112.  In  the  preferred  embodiment,  the  sixth  ab- 
solute  value  circuit  112  is  the  same  type  as  the 
previously  described  first  absolute  value  circuit  50, 
having  an  output  which  is  substantially  equal  to  the 
absolute  value  of  the  input  signal.  The  output  of  the 

20  sixth  absolute  value  circuit  112  is  coupled  to  the 
input  of  a  KZT  circuit  114  and  the  input  of  a  KZB 
circuit  116.  The  signal  3IA2F,  which  is  generated  as 
previously  described  with  respect  to  Figure  1,  is 
coupled  to  the  input  of  a  seventh  absolute  value 

25  circuit  118.  In  the  preferred  embodiment,  the  sev- 
enth  absolute  value  circuit  118  is  of  the  same  type 
as  the  previously  described  first  absolute  value 
circuit  50,  having  an  output  which  is  substantially 
equal  to  the  absolute  value  of  the  input  signal.  The 

30  output  of  the  seventh  absolute  value  circuit  118  is 
coupled  to  the  input  of  a  KNT  circuit  120  and  the 
input  of  a  KNB  circuit  122. 

The  signal  3IA1S,  which  is  generated  as  pre- 
viously  described  with  respect  to  Figure  1  ,  is  coup- 

35  led  to  the  input  of  an  eighth  absolute  value  circuit 
124.  In  the  preferred  embodiment,  the  eighth  ab- 
solute  value  circuit  124  is  of  the  same  type  as  the 
previously  described  first  absolute  value  circuit  50 
having  an  output  which  is  substantially  equal  to  the 

40  absolute  value  of  the  input  signal.  The  output  of  the 
eighth  absolute  value  circuit  124  is  coupled  to  the 
input  of  a  KPT  circuit  126  and  the  input  of  a  KPB 
circuit  128. 

The  outputs  of  the  fourth  absolute  value  circuit 
45  106  and  the  fifth  absolute  value  circuit  110  are 

each  connected  to  an  inverting  input  of  a  second 
five-input  summing  amplifier  130.  In  the  preferred 
embodiment,  the  second  five-input  summing  am- 
plifier  130  is  of  the  same  type  as  the  previously 

50  described  first  five-input  summing  amplifier  86.  The 
KZT  circuit  114,  KNT  circuit  120  and  KPT  circuit 
126  each  preferably  comprise  a  selectable  input 
resistor  to  inputs  of  the  second  five-input  summing 
amplifier  130.  The  KZT  selectable  resistor  114  is 

55  coupled  to  a  non-inverting  input,  the  KNT  selec- 
table  input  resistor  120  is  coupled  to  a  non-invert- 
ing  input,  and  the  KPT  selectable  input  resistor  is 
coupled  to  a  inverting  input  of  the  second  five-input 
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summing  amplifier  130. 
The  KZB  116,  KNB  122  and  KPB  128  circuits 

each  preferably  comprise  a  selectable  input  resis- 
tor  to  a  third  five-input  summing  amplifier  132,  with 
the  KZB  resistor  116  and  KNB  resistor  122  being 
coupled  to  a  non-inverting  inputs,  and  the  KPB 
resistor  128  being  coupled  to  an  inverting  input  of 
the  third  five  input  summing  amplifier  132. 

The  output  of  the  second  five-input  summing 
amplifier  130  is  coupled  to  the  input  of  a  second 
adaptive  restraint  circuit  134  and  a  non-inverting 
input  of  a  fourth  five-input  summing  amplifier  136. 
In  the  preferred  embodiment  of  the  present  inven- 
tion,  the  second  adaptive  restraint  circuit  134  is  an 
operational  amplifier  integrator  circuit  with  a  very 
long  time  constant.  The  output  of  the  second  adap- 
tive  restraint  circuit  134,  which  is  essentially  a  DC 
signal  which,  in  steady  state,  is  proportional  to  the 
input,  is  coupled  to  an  inverting  input  of  the  fourth 
five-input  summing  amplifier  136.  The  restraint 
control  signal  (OR212),  which  has  been  previously 
described,  is  coupled  to  a  control  input  of  the 
second  adaptive  restraint  network  134  and  the  con- 
trol  input  of  a  seventh  electronic  switch  138.  A 
"high"  signal  applied  to  the  control  input  of  the 
second  adaptive  restraint  network  134,  removes  a 
limit  on  the  adaptive  restraint  output.  The  limit  has 
a  magnitude  which  prevents  operation  on  maxi- 
mum  value  of  zero  and  negative  sequence  currents 
expected  under  non-fault  conditions.  There  will  be 
a  steady  state  output  for  fault  currents  which  ex- 
ceed  a  predetermined  magnitude.  The  seventh 
electronic  switch  138  is  of  the  same  type  as  the 
previously  described  sixth  electronic  switch  90  in 
that  a  "high"  signal  applied  to  the  control  input  will 
cause  the  signal  applied  to  the  switch  input  to  be 
connected  to  the  switch  output.  A  bias  signal  is 
connected  to  an  inverting  input  of  the  fourth  five- 
input  summing  amplifier  136  through  the  seventh 
electronic  switch  138. 

A  bias  signal  is  coupled  to  an  inverting  input  of 
the  third  five-input  summing  amplifier  132  and  an 
inverting  input  of  the  fourth  five-input  summing 
amplifier  136  through  an  eighth  electronic  switch 
140.  In  the  preferred  embodiment,  the  eighth  elec- 
tronic  switch  140  is  the  same  as  the  previously 
described  first  electronic  switch  34  in  that  a  "low" 
signal  applied  to  the  control  input  will  cause  the 
signal  applied  to  the  switch  input  to  be  connected 
to  the  switch  output.  The  restraint  control  signal 
AND  101,  which  was  previously  described,  is  con- 
nected  to  the  control  input  of  the  eighth  electronic 
switch  140.  An  adjustable  per  unit  bias  signal  is 
coupled  to  an  inverting  input  of  the  third  five-input 
summing  amplifier  132.  A  second  adjustable  per 
unit  bias  signal  is  coupled  to  an  inverting  input  of 
the  fourth  five-input  summing  amplifier  136. 

The  output  of  the  third  five-input  summing  am- 
plifier  132  is  coupled  to  the  input  of  a  third  integra- 
tor  circuit  142.  In  the  preferred  embodiment,  the 
third  integrator  circuit  142  and  the  third  five  input 

5  summing  network  132  utilize  a  common  operational 
amplifier  in  the  same  fashion  as  that  described  for 
the  first  five-input  summing  amplifier  58  and  the 
first  integrator  circuit  62  and  shown  in  Figure  3. 
The  difference  being  that  the  third  five-input  sum- 

io  ming  amplifier  132  has  two  non-inverting  inputs 
which  are  each  coupled  to  one  terminal  of  the 
selectable  resistors  KZB  116  and  KNB  122,  and  an 
inverting  input  which  is  coupled  to  one  terminal  of 
the  KPB  selectable  resistor  128.  The  output  of  the 

is  third  integrator  circuit  142  which,  in  the  preferred 
embodiment,  is  the  output  of  the  operational  am- 
plifier,  is  coupled  to  the  input  of  a  third  level 
detector  144.  In  the  preferred  embodiment,  the 
third  level  detector  144  is  of  the  same  type  as  the 

20  previously  described  first  level  detector  66.  The 
output  IBLOCK  of  the  third  level  detector  144  is  a 
signal  which  is  generated  when  the  magnitude  of 
the  input  signal  exceeds  a  predetermined  level.  In 
the  preferred  embodiment,  this  predetermined  level 

25  is  equal  to  60mv  to  provide  a  threshold  to  over- 
come  extraneous  signals. 

The  output  of  the  fourth  five-input  summing 
amplifier  136  is  coupled  to  the  input  of  a  fourth 
integrator  circuit  146.  In  the  preferred  embodiment, 

30  the  fourth  integrator  circuit  146  is  an  operational 
amplifier  configured  as  an  integrator  having  a  par- 
allel  RC  feedback  path  as  shown  with  respect  to 
the  operational  amplifier  64  in  Figure  3.  The  output 
of  the  fourth  integrator  146,  which  is  a  signal  whose 

35  magnitude  is  the  integral  of  the  magnitude  of  the 
output  signal  from  the  fifth  five-input  summing  am- 
plifier  136,  is  coupled  to  the  input  of  a  fourth  level 
detector  148.  In  the  preferred  embodiment,  the 
fourth  level  detector  148  is  of  the  same  type  as  the 

40  previously  described  first  level  detector  66.  The 
output  IT  of  the  fourth  level  detector  148  is  a  signal 
which  is  generated  when  the  magnitude  of  the 
input  signal  exceeds  a  predetermined  level.  In  the 
preferred  embodiment,  this  predetermined  level  is 

45  equal  to  60  mv  to  provide  a  threshold  to  overcome 
extraneous  signals. 

The  negative  and  zero  sequence  overcurrent 
tripping  and  blocking  components  of  the  present 
embodiment  operate  as  follows.  Under  normal  load 

50  conditions  the  magnitude  of  the  signals  VA2,  MV0, 
3loF,  and  3IA2F  are  very  small  in  view  of  the  need 
to  minimize  losses  on  the  transmission  line.  Never- 
theless,  the  IT  and  I  BLOCK  are  extremely  sen- 
sitive  units  in  order  to  detect  very  high  resistance 

55  ground  faults  on  the  transmission  line.  Thus,  under 
very  heavy  load  conditions,  the  magnitude  of  3loF 
and  3IA2F  could  approach  or  exceed  the  pickup 
level  of  the  IT  and/or  I  BLOCK  units.  However,  the 
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restraint  produced  by  3lAiS  prevents  operation  of 
the  IT  and  I  BLOCK  units.  The  signal  AND  101  is 
low,  providing  a  restraint  signal  level  in  the  integra- 
tors  146  and  142  in  the  case  of  light  or  zero  load 
flow.  OR  212  produces  a  high  signal  during  the 
open  pole  period  in  a  single  pole  tripping  applica- 
tion.  NOR  211  provides  a  low  signal  during  the 
open  pole  period. 

Under  unusual  load  conditions,  such  as  an 
open  pole  in  an  adjacent  line,  3loF  and  3IA2F  may 
be  sufficiently  large  to  exceed  the  restraint  pro- 
duced  by  3lAi  S.  In  this  case  steady  state  operation 
of  IT  will  be  blocked  by  the  adaptive  restraint 
circuit. 

Under  a  single  line  to  ground  fault,  a  fault 
detector  operates,  causing  AND  101  to  go  high. 
Assuming  3loF,  3IA2F  and  3lAiS  are  approximately 
equal,  the  weighting  factors  KZB,  KNB,  KPB,  KZT, 
KNT  and  KPT  are  such  that  the  operate  signal  due 
to  3lo  F  and  3IA2F  is  approximately  10  times  the 
restraint  produced  by  3IA1S  in  the  IT  unit  and  15 
times  in  the  I  BLOCK  unit.  MV0  and  VA2  mag- 
nitudes  will  depend  on  the  fault  location  and  the 
magnitude  of  the  fault  resistance.  In  general,  the 
restraint  due  to  MV0  and  VA2  will  be  very  small 
compared  to  the  operate  signal  due  to  3IA2F  and 
3loF,  except  where  the  source  impedance  is  ex- 
tremely  large. 

The  use  of  an  integrator  and  level  detector 
combination  for  negative  sequence  directional  over- 
current  units  in  the  present  embodiment,  has  a 
number  of  advantages  over  prior  art  phase  angle 
comparator-type  units.  These  advantages  include, 
for  example,  the  RC  time  constant  of  the  parallel 
resistor-capacitor  circuit  used  in  the  integrator  as 
shown  in  Figure  3,  provides  filtering  of  the  signals 
and  establishes  the  operating  time  of  the  unit.  The 
smoothing  effects  of  the  integrator  cause  the  fault 
incidence  angle  and  the  phase  angle  between  the 
operate  and  restraint  signals  to  have  only  a  secon- 
dary  effect  on  the  operating  time. 

Another  advantage  is  the  facility  with  which  the 
directional  units  can  be  modified  to  enhance  the 
overall  performance  of  the  relay  scheme.  For  ex- 
ample,  use  of  the  operating  energy  in  the  negative 
sequence  directional  tripping  unit  to  restrain  the 
negative  sequence  directional  blocking  unit  permits 
the  blocking  unit  to  employ  a  hybrid  design,  that  is 
a  combined  directional/overvoltage  unit,  that  pro- 
vides  very  reliable  operation  on  external  faults, 
thereby  enhancing  the  coordination  between  the 
local  blocking  and  the  local  tripping  directional 
units. 

Increased  security  is  achieved  by  adding  a 
zero  sequence  operate  quantity  to  the  negative 
sequence  operate  quantity  which  results  in  the 
negative  sequence  component  of  the  current  l2 
having  less  of  an  effect.  Advantage  is  taken  of  the 

fact  that  the  zero  sequence  current  is  typically 
much  smaller  than  the  positive  and  negative  se- 
quence  currents  for  external  faults.  Given  the  same 
system,  the  negative  and  zero  sequence  directional 

5  overcurrent  trip  unit  of  the  present  embodiment  will 
operate  for  fewer  external  faults  than  will  prior  art 
units.  Further,  the  zero  sequence  current  due  to 
load  current  flowing  through  dissymmetries  in  the 
power  system,  (such  as  untransposed  lines,  or 

io  lines  with  an  open  pole),  is  usually  very  much 
small  than  the  negative  sequence  current. 

As  previously  indicated,  the  integrator/level  de- 
tector  combination  of  the  present  embodiment  also 
adds  to  the  security  of  the  system,  as  compared  to 

is  prior  art  schemes,  due  to  comparatively  longer 
operating  times  on  remote  external  faults.  This 
increases  the  probability  that  the  external  fault  will 
be  cleared  before  the  tripping  unit  can  operate  thus 
diminishing  the  possibility  of  misoperation  where  a 

20  false  channel  operation  might  occur  during  the 
fault. 

The  negative  and  zero  sequence  directional 
overcurrent  unit  of  the  present  embodiment  also 
provides  increased  sensitivity  to  high  resistance 

25  ground  faults  by  utilizing  adaptive  restraint  in  the 
overcurrent  tripping  unit  100.  The  adaptive  restraint 
signal  used  in  the  tripping  unit  of  the  present 
embodiment  is  proportional  to  the  negative  se- 
quence  voltage.  Therefore,  as  the  negative  se- 

30  quence  voltage  increases,  the  tripping  unit  restraint 
is  increased  whereas  for  little  or  no  negative  se- 
quence  voltage,  the  tripping  unit  is  close  to  or  at  its 
most  sensitive  pickup  value.  This  adaptive  restraint 
for  the  shunt  charging  current  results  in  the  unit 

35  having  a  greater  sensitivity  to  high  resistance 
ground  faults  as  compared  to  prior  art  units. 

As  can  be  seen  from  the  above-detailed  de- 
scription,  the  negative  and  zero  sequence  direc- 
tional  overcurrent  units  of  the  present  invention 

40  provides  increased  security  by  reducing  the  num- 
ber  of  external  faults  that  are  detected.  The  present 
embodiment  invention  also  eliminates  the  need  for 
a  setting  on  the  overcurrent  blocking  unit  and  pro- 
vide  increased  sensitivity  to  higher  resistance 

45  ground  faults. 
A  primary  advantage  of  the  negative  and  zero 

sequence  directional  overcurrent  unit  of  this  em- 
bodiment  is  that  it  can  function  correctly  with  one 
pole  open  on  the  transmission  line.  The  prior  art 

50  relay  did  not  operate  correctly  and  was  removed 
from  service  during  the  open  pole  period. 

It  is  contemplated  in  the  appended  claims  to 
cover  all  variations  and  modifications  of  the  inven- 
tion  that  come  within  the  true  spirit  and  scope  of 

55  our  invention. 
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Claims 

1.  A  directional  overcurrent  relay  for  detecting 
faults  on  a  transmission  line  in  a  three  phase 
alternating  current  electrical  power  distribution 
system,  said  relay  comprising: 

(a)  means  (19)  for  generating  a  first  operate 
signal  (3loF)  which  is  related  to  a  zero  se- 
quence  component  of  current  flowing  in 
said  power  distribution  system; 
(b)  means  (18)  for  generating  a  second  op- 
erate  signal  (3IA2F)  which  is  related  to  a 
negative  sequence  component  of  current 
flowing  in  said  power  distribution  system; 
(c)  means  (17)  for  generating  a  restraint 
signal  (3lAiS)  which  is  related  to  a  positive 
sequence  component  of  current  flowing  in 
said  power  distribution  system; 
(d)  means  (130)  for  summing  said  operate 
signals;  and 
(e)  means  (136)  comparing  the  magnitude 
of  the  summed  operate  signals  with  the 
magnitude  of  said  restraint  signal  and  gen- 
erating  a  net  operate  signal  when  the  mag- 
nitude  of  the  summed  operate  signals  ex- 
ceeds  the  magnitude  of  the  restraint  signal. 

2.  A  directional  overcurrent  relay  in  accordance 
with  claim  1  additionally  comprising: 

(a)  means  (134)  for  generating  a  first  adap- 
tive  restraint  signal  comprising  the  sum  of 
the  magnitudes  of  a  signal  (VA2)  which  is 
related  to  a  negative  sequence  component 
of  a  power  distribution  system  voltage  and  a 
signal  (MVo)  which  is  related  to  a  zero  se- 
quence  component  of  said  power  distribu- 
tion  system  voltage; 
(b)  means  (136)  for  summing  said  restraint 
(3IA1S)  and  first  adaptive  restraint  signals; 
and 
(c)  means  (136)  for  comparing  the  mag- 
nitude  of  the  summed  operate  signals  with 
the  magnitude  of  the  summed  restraint  and 
first  adaptive  restraint  signals  and  generat- 
ing  said  net  operate  signal  when  the  mag- 
nitude  of  the  summed  operate  signals  ex- 
ceeds  the  magnitude  of  the  summed  re- 
straint  and  first  adaptive  restraint  signals. 

3.  The  protective  relay  in  accordance  with  claim 
2,  additionally  comprising  at  least  one  energy 
comparison  means  (146,  148)  adapted  to  re- 
ceive  said  net  operate  signal,  said  energy 
comparison  means  comprising: 

(a)  integrator  circuit  means  (146)  comprising 
an  operational  amplifier  having  an  input 
adapted  to  receive  said  net  operate  signal, 
an  output,  and  a  feedback  circuit  connected 

between  said  input  and  said  output,  said 
feedback  circuit  comprising  resistance 
means  and  capacitance  means  electrically 
connected  in  parallel;  and 

5  (b)  level  detector  means  (148)  for  generat- 
ing  a  relay  output  signal  when  the  mag- 
nitude  of  an  output  signal  from  the  output  of 
said  operational  amplifier  exceeds  a  pre- 
determined  level. 

10 
4.  A  directional  overcurrent  relay  in  accordance 

with  claim  3  comprising  a  first  energy  compari- 
son  means  adapted  to  receive  said  net  operate 
signal,  said  first  energy  comparison  means 

is  comprising: 
(a)  integrator  circuit  means  (146)  comprising 
an  operational  amplifier  (64)  having  an  input 
adapted  to  receive  said  net  operate  signal, 
an  output,  and  a  feedback  circuit  connected 

20  between  said  input  and  said  output,  said 
feedback  circuit  comprising  resistance 
means  (RF)  and  capacitance  means  (CF) 
electrically  connected  in  parallel;  and 
(b)  level  detector  means  (148)  for  generat- 

25  ing  an  overcurrent  trip  output  signal  when 
the  magnitude  of  an  output  signal  from  the 
output  of  said  operational  amplifier  exceeds 
a  predetermined  level. 

30  5.  A  directional  overcurrent  relay  in  accordance 
with  claim  4  additionally  comprising: 

(a)  means  (56)  for  generating  a  second 
adaptive  restraint  signal  which  comprises 
said  net  operate  signal  multiplied  by  a  sig- 

35  nal  whose  magnitude  increases  from  ap- 
proximately  zero  to  approximately  one  in 
accordance  with  a  predetermined  time  con- 
stant; 
(b)  means  (OR  212)  selectively  limiting  the 

40  magnitude  of  said  second  adaptive  restraint 
signal;  and 
(c)  means  (58)  for  comparing  the  magnitude 
of  said  net  operate  signal  and  the  mag- 
nitude  of  said  second  adaptive  restraint  sig- 

45  nal  in  said  energy  comparison  means 
whereby  the  magnitude  of  the  output  signal 
from  the  output  of  said  operational  amplifier 
is  related  to  the  magnitude  of  the  difference 
therebetween. 

50 
6.  A  directional  overcurrent  relay  in  accordance 

with  claim  5  additionally  comprising  second 
energy  comparison  means  adapted  to  receive 
said  first  and  second  operate  signals  (3loF, 

55  3IA2F)  and  said  restraint  signal  (3IA1S),  said 
second  energy  comparison  means  comprising; 

(a)  means  (132)  for  summing  said  first  and 
second  operate  signals; 

10 



19 EP  0  316  203  B1 20 

(b)  means  (132)  for  comparing  the  mag- 
nitude  of  said  summed  operate  signals  with 
the  magnitude  of  said  restraint  signal  and 
providing  a  first  net  signal  having  a  mag- 
nitude  which  is  related  to  the  difference  5 
between  the  magnitude  of  said  summed 
operate  signals  and  the  magnitude  of  said 
restraint  signal; 
(c)  second  integrator  circuit  means  (142) 
comprising  a  second  operational  amplifier  10 
having  an  input  adapted  to  receive  said  first 
net  signal,  an  output,  and  a  feedback  circuit 
connected  between  said  input  and  said  out- 
put,  said  feedback  circuit  comprising  resis- 
tance  means  and  capacitance  means  elec-  is 
trically  connected  in  parallel;  and 
(d)  level  detector  means  (144)  for  generat- 
ing  an  overcurrent  block  signal  when  the 
magnitude  of  the  output  signal  from  the 
output  of  said  operational  amplifier  exceeds  20 
a  predetermined  level. 

A  directional  overcurrent  relay  in  accordance 
with  claim  6  additionally  comprising: 

(a)  means  (52)  for  generating  a  third  operate  25 
signal  having  a  magnitude  which  is  related 
to  the  difference  between  a  signal  V2  re- 
lated  to  a  negative  sequence  component  of 
a  power  distribution  system  voltage  and  the 
sum  of  the  magnitudes  of  signal  l2  related  30 
to  a  negative  sequence  component  of  a 
current  flowing  in  said  power  distribution 
system  plus  said  l2  signal  multiplied  by  a 
predetermined  scaling  factor  KT; 
(b)  means  (90)  for  generating  a  second  re-  35 
straint  signal  which  is  related  to  the  sum  of 
the  magnitudes  of  said  V2  signal  and  said  l2 
signal; 
(c)  means  (58)  for  comparing  the  magnitude 
of  the  third  operate  signal  with  the  mag-  40 
nitude  of  the  second  restraint  signal  and 
generating  a  second  net  operate  signal 
when  the  magnitude  of  the  third  operate 
signal  exceeds  the  magnitude  of  the  second 
restraint  signal;  45 
(d)  third  energy  comparison  means  adapted 
to  receive  said  second  net  operate  signal, 
said  third  energy  comparison  means  com- 
prising: 

(i)  third  integrator  circuit  means  (62)  so 
comprising  a  third  operational  amplifier 
having  an  input  adapted  to  receive  said 
second  net  operate  signal,  an  output,  and 
a  feedback  circuit  connected  between 
said  input  and  said  output,  said  feedback  55 
circuit  comprising  resistance  means  and 
capacitance  means  electrically  connect- 
ed  in  parallel;  and 

(ii)  level  detector  means  (66)  for  generat- 
ing  a  directional  trip  signal  when  the 
magnitude  of  an  output  signal  from  the 
output  of  said  operational  amplifier  ex- 
ceeds  a  predetermined  level. 

A  directional  overcurrent  relay  in  accordance 
with  claim  7  additionally  comprising: 

(a)  means  (82)  for  generating  a  third  re- 
straint  signal  having  a  magnitude  which  is 
related  to  the  sum  of  the  magnitudes  of  said 
l2  and  said  KTI2  signals,  and 
(b)  fourth  energy  comparison  means  adapt- 
ed  to  receive  said  second  and  third  restraint 
signals,  said  fourth  energy  comparison 
means  comprising: 

(i)  means  (86)  for  comparing  the  mag- 
nitude  of  the  second  restraint  signal  with 
the  magnitude  of  the  third  restraint  signal 
and  providing  a  third  net  signal  having  an 
output  which  is  related  to  the  difference 
between  the  magnitudes  of  said  second 
restraint  signal  and  said  third  restraint 
signal; 
(ii)  fourth  integrator  circuit  means  (92) 
comprising  a  fourth  operational  amplifier 
having  an  input  adapted  to  receive  said 
second  net  signal,  an  output,  and  a  feed- 
back  circuit  connected  between  said  in- 
put  and  said  output,  said  feedback  circuit 
comprising  resistance  means  and  capaci- 
tance  means  electrically  connected  in 
parallel;  and 
(iii)  level  detector  means  (94)  for  generat- 
ing  a  directional  blocking  signal  when  the 
magnitude  of  the  output  signal  from  the 
output  of  said  operational  amplifier  ex- 
ceeds  a  predetermined  level. 

A  directional  overcurrent  relay  in  accordance 
with  claim  8  additionally  comprising: 

(a)  means  for  coupling  at  least  a  portion  of 
said  second  net  operate  signal  to  said 
fourth  energy  comparison  means; 
(b)  means  (86)  for  summing  said  at  least  a 
portion  of  said  second  net  operating  signal 
with  said  third  restraint  signal; 
(c)  means  (86)  for  comparing  the  magnitude 
of  said  summer  third  restraint  signal  and 
said  at  least  a  portion  of  said  second  net 
operate  signal  with  said  second  restraint 
signal  and  providing  a  third  net  signal  hav- 
ing  an  output  which  is  related  to  the  dif- 
ference  between  the  magnitude  of  said 
summed  third  restraint  signal  and  said  at 
least  a  portion  of  said  second  net  operate 
signal,  and  the  magnitude  of  said  second 
restraint  signal;  and 

11 



21 EP  0  316  203  B1 22 

(d)  means  for  coupling  said  third  net  signal 
to  the  input  of  said  fourth  operational  am- 
plifier  (92). 

10.  A  directional  overcurrent  relay  in  accordance 
with  claim  9  additionally  comprising: 

(a)  means  (36)  for  generating  a  signal  V2, 
upon  occurrence  of  an  open  pole  following 
a  single  pole  trip  of  another  phase  of  said 
three  phase  alternating  current  electric  pow- 
er  distribution  system,  which  signal  is  re- 
lated  to  a  fault  quantity  of  the  signal  V2;  and 
(b)  means  (70)  for  generating  a  signal  l2, 
upon  occurrence  of  said  open  pole,  which 
signal  is  related  to  a  fault  quantity  of  the 
signal  l2; 

whereby  said  third  operate  signal  has  a  mag- 
nitude  which  is  related  to  difference  between 
said  V2  signal  and  said  l2  signal;  said  second 
restraint  signal  is  related  to  the  sum  of  the 
magnitudes  of  said  V2  and  l2  signals;  and  said 
third  restraint  signal  has  a  magnitude  which  is 
related  to  the  sum  of  the  magnitudes  of  said  l2 
signal  and  said  l2  signal  multiplied  by  said  KT 
scaling  function,  during  the  occurrence  of  said 
open  pole. 

Patentanspruche 

1.  Richtungs-Uberstromrelais  zum  Erfassen  von 
Fehlern  auf  einer  Ubertragungsleitung  in  einem 
elektrischen  dreiphasigen  Wechselstrom-Ener- 
gieverteilungssystem,  enthaltend: 

(a)  eine  Einrichtung  (19)  zum  Erzeugen  ei- 
nes  ersten  Betatigungssignals  (3loF),  das 
mit  einer  Nullkomponente  des  in  dem  Ener- 
gieverteilungssystem  flieBenden  Stroms  in 
Beziehung  steht, 
(b)  eine  Einrichtng  (18)  zum  Erzeugen  eines 
zweiten  Betatigungssignals  (3IA2F),  das  zu 
einer  Gegenkomponente  des  in  dem  Ener- 
gieverteilungssystem  flieBenden  Stroms  in 
Beziehung  steht, 
(c)  eine  Einrichtung  (17)  zum  Erzeugen  ei- 
nes  Haltesignals  (3lAiS),  das  zu  einer  Mit- 
komponente  des  in  dem  Energieverteilungs- 
system  flieBenden  Stroms  in  Beziehung 
steht, 
(d)  eine  Einrichtung  (130)  zum  Summieren 
der  Betatigungssignale  und 
(e)  eine  Einrichtung  (136)  zum  Vergleichen 
der  GroBe  der  summierten  Betatigungssi- 
gnale  mit  der  GroBe  des  Haltesignals  und 
zum  Erzeugen  eines  Nettobetatigungssi- 
gnals,  wenn  die  GroBe  der  summierten  Be- 
tatigungssignale  die  GroBe  des  Haltesignals 
uberschreitet. 

2.  Richtungs-Uberstromrelais  nach  Anspruch  1, 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  (134)  zum  Erzeugen 
eines  ersten  adaptiven  Haltesignals,  das  die 

5  Summe  der  GroBen  eines  Signals  (VA2),  das 
zu  einer  Gegenkomponente  einer  Spannung 
des  Energieverteilungssystems  in  Bezie- 
hung  steht,  und  eines  Signals  (MVo)  auf- 
weist,  das  zu  einer  Nullkomponente  der 

io  Spannung  des  Energieverteilungssystems  in 
Beziehung  steht, 
(b)  eine  Einrichtung  (130)  zum  Summieren 
des  Haltesignals  (3IA1S)  und  des  ersten 
adaptiven  Haltesignals  und 

is  (c)  eine  Einrichtung  (136)  zum  Vergleichen 
der  GroBe  der  summierten  Betatigungssi- 
gnale  mit  der  GroBe  der  summierten  Halte- 
und  ersten  adaptiven  Haltesignale  und  zum 
Erzeugen  des  Nettobetatigungssignals, 

20  wenn  die  GroBe  der  summierten  Betati- 
gungssignale  die  GroBe  der  summierten 
Halte-  und  ersten  adaptiven  Haltesignale 
uberschreitet. 

25  3.  Schutzrelais  nach  Anspruch  2,  wobei  zusatz- 
lich  wenigstens  eine  Energievergleichseinrich- 
tung  (146,  148)  vorgesehen  ist,  die  das  Netto- 
betatigungssignal  empfangen  kann  und  enthalt: 

(a)  eine  Integratorschaltung  (146),  die  einen 
30  Operationsverstarker  mit  einem  Eingang, 

der  das  Nettobetatigungssignal  empfangen 
kann,  einem  Ausgang  und  einer  Ruckfuh- 
rungsschaltung  aufweist,  die  zwischen  den 
Eingang  und  den  Ausgang  geschaltet  ist, 

35  wobei  die  Ruckfuhrungsschaltung  Wider- 
standsmittel  und  Kapazitatsmittel  aufweist, 
die  elektrisch  parallel  geschaltet  sind,  und 
(b)  eine  Pegeldetektoreinrichtung  (148)  zum 
Erzeugen  eines  Relaisausgangssignals* 

40  wenn  die  GroBe  eines  Ausgangssignals  aus 
dem  Ausgang  des  Operationsverstakers  ei- 
nen  vorbestimmten  Pegel  uberschreitet. 

4.  Richtungs-Uberstromrelais  nach  Anspruch  3, 
45  enthaltend  eine  erste  Energievergleichseinrich- 

tung  die  das  Nettobetatigungssignal  empfan- 
gen  kann  und  enthalt: 

(a)  eine  Integratorschaltung  (146),  die  einen 
Operationsverstarker  (64)  mit  einem  Ein- 

50  gang,  der  das  Nettobetatigungssignal  emp- 
fangen  kann,  einem  Ausgang  und  einer 
Ruckfuhrungsschaltung  aufweist,  die  zwi- 
schen  den  Eingang  und  den  Ausgang  ge- 
schaltet  ist  und  die  Widerstandsmittel  (RF) 

55  und  Kapazitatsmittel  (CF)  aufweist,  die  elek- 
trisch  parallel  geschaltet  sind,  und 
(b)  eine  Pegeldetektoreinrichtung  (148)  zum 
Erzeugen  eines  Uberstromauslose-Aus- 
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gangssignals,  wenn  die  GroBe  eines  Aus- 
gangssignals  aus  dem  Ausgang  des  Opera- 
tionsverstarkers  einen  vorbestimmten  Pegel 
uberschreitet. 

5 
Richtungs-Uberstromrelais  nach  Anspruch  4, 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  (56)  zum  Erzeugen  ei- 
nes  zweiten  adaptiven  Haltesignals,  das  das 
Nettobetatigungssignal  multipliziert  mit  ei-  10 
nem  Signal  enthalt,  dessen  GroBe  von  etwa 
null  auf  etwa  eins  mit  einer  vorbestimmten 
Zeitkonstante  ansteigt, 
(b)  eine  Einrichtung  (OR  212)  zum  selekti- 
ven  Begrenzen  der  GroBe  des  zweiten  is 
adaptiven  Haltesignals  und 
(c)  eine  Einrichtung  (58)  zum  Vergleichen 
der  GroBe  des  Nettobetatigungssignals  mit 
der  GroBe  des  zweiten  adaptiven  Haltesi- 
gnals  in  der  Energievergleichseinrichtung,  20 
wodurch  die  GroBe  des  Ausgangssignals 
aus  dem  Ausgang  des  Operationsverstar- 
kers  zu  der  GroBe  der  Differenz  dazwischen 
in  Beziehung  gesetzt  wird. 

25 
Richtungs-Uberstromrelais  nach  Anspruch  5, 
wobei  zusatzlich  eine  zweite  Energiever- 
gleichseinrichtung  vorgesehen  ist,  die  das  er- 
ste  und  zweite  Betatigungssignal  (3loF,  3U2F) 
und  das  Haltesignal  (3lAiS)  empfangen  kann  30 
und  die  enthalt: 

(a)  eine  Einrichtung  (132)  zum  Summieren 
der  ersten  und  zweiten  Betatigungssignale, 
(b)  eine  Einrichtung  (132)  zum  Vergleichen 
der  GroBe  der  summierten  Betatigungssi-  35 
gnale  mit  der  GroBe  des  Haltesignals  und 
zum  Liefern  eines  ersten  Nettosignals  mit 
einer  GroBe,  die  zu  der  Differenz  zwischen 
der  GroBe  der  summierten  Betatigungssi- 
gnale  und  der  GroBe  des  Haltesignals  in  40 
Beziehung  steht, 
(c)  eine  zweite  Integratorschaltung  (142),  die 
einen  zweiten  Operationsverstarker  mit  ei- 
nem  Eingang,  der  das  erste  Nettosignal 
empfangen  kann,  einem  Ausgang  und  einer  45 
Ruckfuhrungsschaltung  aufweist,  die  zwi- 
schen  den  Eingang  und  den  Ausgang  ge- 
schaltet  ist  und  Widerstandsmittel  und  Ka- 
pazitatsmittel  aufweist,  die  elektrisch  parallel 
geschaltet  sind,  und  50 
(d)  eine  Pegeldetektoreinrichtung  (144)  zum 
Erzeugen  eines  Uberstrom-Sperrsignals, 
wenn  die  GroBe  des  Ausgangssignals  aus 
dem  Ausgang  des  Operationsverstarkers  ei- 
nen  vorbestimmten  Pegel  uberschreitet.  55 

Richtungs-Uberstromrelais  nach  Anspruch  6, 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  (52)  zum  Erzeugen  ei- 
nes  dritten  Betatigungssignals  mit  einer 
GroBe,  die  zu  der  Differenz  zwischen  einem 
Signal  V2,  das  zu  der  Mitkomponente  einer 
Spannung  des  Energieverteilungssystems  in 
Beziehung  steht,  und  der  Summe  der  Gro- 
Ben  des  Signals  l2,  das  zu  der  Gegenkom- 
ponte  des  in  dem  Energieverteilungssystem 
flieBenden  Stroms  in  Beziehung  steht,  plus 
dem  Signal  l2  multipliziert  mit  einem  vorbe- 
stimmten  Skalierungsfaktor  KT  in  Beziehung 
steht, 
(b)  eine  Einrichtung  (90)  zum  Erzeugen  ei- 
nes  zweiten  Haltesignals,  das  zu  der  Sum- 
me  der  GroBen  des  Signals  V2  und  des 
Signals  I2  in  Beziehung  steht, 
(c)  eine  Einrichtung  (58)  zum  Vergleichen 
der  GroBe  des  dritten  Betatigungssignals 
mit  der  GroBe  des  zweiten  Betatigungssi- 
gnals  und  zum  Erzeugen  eines  zweiten  Net- 
tobetatigungssignals,  wenn  die  GroBe  des 
dritten  Betatigungssignals  die  GroBe  des 
zweiten  Haltesignals  uberschreitet, 
(d)  eine  dritte  Energievergleichseinrichtung, 
die  das  zweite  Nettobetatigungssignal  emp- 
fangen  kann  und  enthalt: 

(i)  eine  dritte  Integratorschaltung  (62),  die 
einen  dritten  Operationsverstarker  mit  ei- 
nem  Eingang,  der  das  zweite  Nettobetati- 
gungssignal  empfangen  kann,  einem 
Ausgang  und  einer  Ruckfuhrungsschal- 
tung  aufweist,  die  zwischen  den  Eingang 
und  den  Ausgang  geschaltet  ist  und  die 
Widerstandsmittel  und  Kapazitatsmittel 
aufweist,  die  elektrisch  parallel  geschaltet 
sind,  und 
(ii)  eine  Pegeldetektoreinrichtung  (66) 
zum  Erzeugen  eines  Richtungs-Auslose- 
signals,  wenn  die  GroBe  eines  Ausgangs- 
signals  aus  dem  Ausgang  des  Opera- 
tionsverstarkers  einen  vorbestimmten  Pe- 
gel  uberschreitet. 

8.  Richtungs-Uberstromrelais  nach  Anspruch  7, 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  (82)  zum  Erzeugen  ei- 
nes  dritten  Haltesignals  mit  einer  GroBe,  die 
zu  der  Summe  der  GroBen  der  Signale  I2 
und  KTI2  in  Beziehung  steht  und 
(b)  eine  vierte  Energievergleichseinrichtung, 
die  die  zweiten  und  dritten  Haltesignale 
empfangen  kann  und  die  enthalt: 

(i)  eine  Einrichtung  (86)  zum  Vergleichen 
der  GroBe  des  zweiten  Haltesignals  mit 
der  GroBe  des  dritten  Haltesignals  und 
zur  Lieferung  eines  dritten  Nettosignals 
mit  einer  AusgangsgroBe,  die  zu  der  Dif- 
ferenz  zwischen  den  GroBen  des  zweiten 
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Haltesignals  und  dem  dritten  Haltesignal 
in  Beziehung  steht, 
(ii)  eine  vierte  Integratorschaltung  (92), 
die  einen  vierten  Operationsverstarker 
mit  einem  Eingang,  der  das  zweite  Netto-  5 
signal  empfangen  kann,  einem  Ausgang 
und  einer  Ruckfuhrungsschaltung  auf- 
weist,  die  zwischen  den  Eingang  und 
dem  Ausgang  geschaltet  ist  und  Wider- 
standsmittel  und  Kapazitatsmittel  auf-  10 
weist,  die  elektrisch  parallel  geschaltet 
sind,  und 
(iii)  eine  Pegeldetektoreinrichtung  (94) 
zum  Erzeugen  eines  Richtungs-Sperrsi- 
gnals,  wenn  die  GroBe  des  Ausgangssi-  is 
gnals  aus  dem  Ausgang  des  Operations- 
verstarkers  einen  vorbestimmten  Pegel 
uberschreitet. 

Richtungs-Uberstromrelais  nach  Anspruch  8,  20 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  zum  Koppeln  wenig- 
stens  eines  Teils  des  zweiten  Nettobetati- 
gungssignals  mit  der  vierten  Vergleichsein- 
richtung,  25 
(b)  eine  Einrichtung  (86)  zum  Summieren 
von  wengistens  dem  Teil  des  zweiten  Netto- 
betatigungssignals  mit  dem  dritten  Haltesi- 
gnal, 
(c)  eine  Einrichtung  (86)  zum  Vergleichen  30 
der  GroBe  der  Summe  des  dritten  Haltesi- 
gnals  und  wenigstens  dem  Teil  des  zweiten 
Nettobetatigungssignals  mit  dem  zweiten 
Haltesignal  und  zum  Liefern  eines  dritten 
Nettosignals  mit  einer  AusgangsgroBe,  die  35 
zur  Differenz  zwischen  der  GroBe  des  sum- 
mierten  dritten  Haltesignals  und  wenigstens 
dem  Teil  des  zweiten  Nettobetatigungssi- 
gnals  und  der  GroBe  des  zweiten  Haltesi- 
gnals  in  Beziehung  steht,  und  40 
(d)  eine  Einrichtung  zum  Koppeln  des  drit- 
ten  Nettosignals  mit  dem  Eingang  des  vier- 
ten  Operationsverstarkers  (42). 

Richtungs-Uberstromrelais  nach  Anspruch  9,  45 
zusatzlich  enthaltend: 

(a)  eine  Einrichtung  (36)  zum  Erzeugen  ei- 
nes  Signals  V2  beim  Auftreten  eines  offenen 
Pols  nach  einer  einpoligen  Auslosung  einer 
anderen  Phase  des  dreiphasigen  Wechsel-  so 
strom-Energieverteilungssystems,  wobei 
dieses  Signal  zu  einer  FehlergroBe  des  Si- 
gnals  V2  in  Beziehung  steht,  und 
(b)  eine  Einrichtung  (70)  zum  Erzeugen  ei- 
nes  Signals  l2  beim  Auftreten  des  offenen  55 
Pols,  wobei  dieses  Signal  zu  einer  Fehler- 
groBe  des  Signals  l2  in  Beziehung  steht, 

wodurch  wahrend  des  Auftretens  des  offe- 

nen  Pols  das  dritte  Betatigungssignal  eine 
GroBe  hat,  die  zu  der  Differenz  zwischen  dem 
Signal  V2  und  dem  Signal  l2  in  Beziehung 
steht,  das  zweite  Haltesignal  zu  der  Summe 
der  GroBen  der  Signale  V2  und  l2  in  Bezie- 
hung  steht  und  das  dritte  Haltesignal  eine  Gro- 
Be  hat,  die  zu  der  Summe  der  GroBen  des 
Signals  l2  und  des  Signals  l2  multipliziert  mit 
der  Skalierungsfunktion  KT  in  Beziehung  steht. 

Revendicatlons 

1.  Relais  de  surintensite  directionnel  pour  detec- 
ter  les  defauts  sur  une  ligne  de  transmission 
dans  un  systeme  de  distribution  d'energie 
electrique  a  courant  alternatif  triphase,  ledit 
relais  comprenant  : 

(a)  un  moyen  (19)  pour  generer  un  premier 
signal  d'actionnement  (3loF)  qui  est  rappor- 
te  a  une  composante  de  sequence  zero  de 
courant  circulant  dans  ledit  systeme  de  dis- 
tribution  d'energie; 
(b)  un  moyen  (18)  pour  generer  un  second 
signal  d'actionnement  (3IA2F)  qui  est  rappor- 
te  a  une  composante  de  sequence  negative 
de  courant  circulant  dans  ledit  systeme  de 
distribution  d'energie; 
(c)  un  moyen  (17)  pour  generer  un  signal 
de  retenue  (3lAiS)  qui  est  rapporte  a  une 
composante  de  sequence  positive  de  cou- 
rant  circulant  dans  ledit  systeme  de  distri- 
bution  d'energie; 
(d)  un  moyen  (130)  pour  faire  la  somme 
desdits  signaux  d'actionnement;  et 
(e)  un  moyen  (136)  pour  comparer  I'amplitu- 
de  des  signaux  d'actionnement  additionnes 
avec  I'amplitude  dudit  signal  de  retenue  et 
pour  generer  un  signal  d'actionnement  net 
lorsque  I'amplitude  des  signaux  d'actionne- 
ment  additionnes  depasse  I'amplitude  du 
signal  de  retenue. 

2.  Relais  de  surintensite  directionnel  selon  la  re- 
vendication  1  ,  comprenant  en  outre  : 

(a)  un  moyen  (134)  pour  generer  un  premier 
signal  de  retenue  adaptable  comprenant  la 
somme  des  amplitudes  d'un  signal  (VA2)  qui 
est  rapporte  a  une  composante  de  sequen- 
ce  negative  d'une  tension  du  systeme  de 
distribution  d'energie  et  un  signal  (MVo)  qui 
est  rapporte  a  une  composante  de  sequen- 
ce  zero  de  ladite  tension  de  systeme  de 
distribution  d'energie; 
(b)  un  moyen  (130)  pour  faire  la  somme 
dudit  signal  de  retenue  (3IA1S)  et  du  pre- 
mier  signal  de  retenue  adaptable;  et 
(c)  un  moyen  (136)  pour  comparer  I'amplitu- 
de  des  signaux  d'actionnement  additionnes 
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avec  I'amplitude  resultant  de  I'addition  du 
signal  de  retenue  et  du  premier  signal  de 
retenue  adaptable  et  pour  generer  ledit  si- 
gnal  d'actionnement  net  lorsque  I'amplitude 
des  signaux  d'actionnement  additionnes  de-  5 
passe  I'amplitude  du  signal  resultant  de 
I'addition  du  premier  signal  de  retenue  et 
du  premier  signal  de  retenue  adaptable. 

Relais  protecteur  selon  la  revendication  2,  10 
comprenant,  en  outre,  au  moins  un  moyen 
(146,  148)  de  comparaison  d'energie  adapte 
pour  recevoir  ledit  signal  d'actionnement  net, 
ledit  moyen  de  comparaison  d'energie  com- 
prenant  :  75 

(a)  un  moyen  (146)  formant  circuit  integra- 
tes  comprenant  un  amplificateur  operation- 
nel  comportant  une  entree  adaptee  pour 
recevoir  ledit  signal  d'actionnement  net,  une 
sortie,  et  un  circuit  de  retroaction  monte  20 
entre  ladite  entree  et  ladite  sortie,  ledit  cir- 
cuit  de  retroaction  comprenant  un  moyen 
formant  resistance  et  un  moyen  formant 
condensateur  montes  electriquement  en  pa- 
rallele;  et  25 
(b)  un  moyen  (148)  formant  detecteur  de 
niveau  pour  generer  un  signal  de  sortie  de 
relais  lorsque  I'amplitude  d'un  signal  de  sor- 
tie  en  provenance  de  la  sortie  dudit  amplifi- 
cateur  operationnel  depasse  un  niveau  pre-  30 
determine. 

Relais  de  surintensite  directionnel  selon  la  re- 
vendication  3,  comprenant  un  premier  moyen 
de  comparaison  d'energie  adapte  pour  rece-  35 
voir  ledit  signal  d'actionnement  net,  ledit  pre- 
mier  moyen  de  comparaison  d'energie  com- 
prenant  : 

(a)  un  moyen  (146)  formant  circuit  integra- 
tes  comprenant  un  amplificateur  operation-  40 
nel  (64)  comportant  une  entree  adaptee 
pour  recevoir  ledit  signal  d'actionnement 
net,  une  sortie,  et  un  circuit  de  retroaction 
monte  entre  ladite  entree  et  ladite  sortie, 
ledit  circuit  de  retroaction  comprenant  un  45 
moyen  formant  resistance  (RF)  et  un  moyen 
formant  condensateur  (CF)  montes  electri- 
quement  en  parallele;  et 
(b)  un  moyen  (148)  formant  detecteur  de 
niveau  pour  generer  un  signal  de  sortie  de  50 
declenchement  a  surintensite  lorsque  I'am- 
plitude  d'un  signal  de  sortie  en  provenance 
de  la  sortie  dudit  amplificateur  operationnel 
depasse  un  niveau  predetermine. 

55 
Relais  de  surintensite  directionnel  selon  la  re- 
vendication  4,  comprenant,  en  outre  : 

(a)  un  moyen  (56)  pour  generer  un  second 
signal  de  retenue  adaptable  qui  comprend 
ledit  signal  d'actionnement  net  multiplie  par 
un  signal  dont  I'amplitude  augmente  depuis 
approximativement  zero  jusqu'a  approxima- 
tivement  une  amplitude  en  conformite  avec 
une  constante  de  temps  predetermined; 
(b)  un  moyen  (OR  212)  pour  limiter  de 
fagon  selective  I'amplitude  dudit  second  si- 
gnal  de  retenue  adaptable;  et 
(c)  un  moyen  (58)  pour  comparer  I'amplitu- 
de  dudit  signal  d'actionnement  net  et  I'am- 
plitude  dudit  second  signal  de  retenue 
adaptable  dans  ledit  moyen  de  comparaison 
d'energie,  grace  a  quoi  I'amplitude  du  si- 
gnal  de  sortie  en  provenance  de  la  sortie 
dudit  amplificateur  operationnel  est  rappor- 
tee  a  I'amplitude  de  la  difference  entre  ces 
signaux. 

6.  Relais  de  surintensite  directionnel  selon  la  re- 
vendication  5,  comprenant  en  outre  un  second 
moyen  de  comparaison  d'energie  adapte  pour 
recevoir  lesdits  premier  et  second  signaux 
d'actionnement  (3loF,  3U2F)  et  ledit  signal  de 
retenue  (3lAiS),  ledit  second  moyen  de  compa- 
raison  d'energie  comprenant  : 

(a)  un  moyen  (132)  pour  additionner  lesdits 
premier  et  second  signaux  d'actionnement; 
(b)  un  moyen  (132)  pour  comparer  les  am- 
plitudes  desdits  signaux  d'actionnement  ad- 
ditionnes  avec  I'amplitude  dudit  signal  de 
retenue  pour  fournir  un  premier  signal  net 
ayant  une  amplitude  qui  est  rapportee  a  la 
difference  entre  I'amplitude  desdits  signaux 
d'actionnement  additionnes  et  I'amplitude 
dudit  signal  de  retenue; 
(c)  un  second  moyen  (142)  formant  circuit 
integrates  comprenant  un  second  amplifi- 
cateur  operationnel  comportant  une  entree 
adaptee  pour  recevoir  ledit  premier  signal 
net,  une  sortie,  et  un  circuit  de  retroaction 
monte  entre  ladite  entree  et  ladite  sortie, 
ledit  circuit  de  retroaction  comprenant  un 
moyen  formant  resistance  et  un  moyen  for- 
mant  condensateur  montes  electriquement 
en  parallele;  et 
(d)  un  moyen  (144)  formant  detecteur  de 
niveau  pour  generer  un  signal  de  blocage 
de  surintensite  lorsque  I'amplitude  du  signal 
de  sortie  en  provenance  de  la  sortie  dudit 
amplificateur  operationnel  depasse  un  ni- 
veau  predetermine. 

7.  Relais  de  surintensite  directionnel  selon  la  re- 
vendication  6,  comprenant  en  outre  : 

(a)  un  moyen  (52)  pour  generer  un  troisie- 
me  signal  d'actionnement  ayant  une  ampli- 
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tude  qui  est  rapportee  a  la  difference  entre 
un  signal  V2  rapporte  a  une  composante  de 
sequence  negative  d'une  tension  de  syste- 
me  de  distribution  d'energie  et  la  somme 
des  amplitudes  du  signal  l2  rapportee  a  une  5 
composante  de  sequence  negative  d'un 
courant  circulant  dans  ledit  systeme  de  dis- 
tribution  d'energie  plus  ledit  signal  l2  multi- 
plie  par  un  facteur  de  multiplication  prede- 
termine  KT;  70 
(b)  un  moyen  (90)  pour  generer  un  second 
signal  de  retenue  qui  est  rapporte  a  la  som- 
me  des  amplitudes  dudit  signal  V2  et  dudit 
signal  l2; 
(c)  un  moyen  (58)  pour  comparer  I'amplitu-  is 
de  du  troisieme  signal  d'actionnement  avec 
I'amplitude  du  second  signal  de  retenue  et 
pour  generer  un  second  signal  d'actionne- 
ment  net  lorsque  I'amplitude  du  troisieme 
signal  d'actionnement  depasse  I'amplitude  20 
du  second  signal  de  retenue; 
(d)  un  troisieme  moyen  de  comparaison 
d'energie  adapte  pour  recevoir  ledit  second 
signal  d'actionnement  net,  ledit  troisieme 
moyen  de  comparaison  d'energie  compre-  25 
nant  : 

(i)  un  troisieme  moyen  (62)  formant  cir- 
cuit  integrates  comprenant  un  troisieme 
amplificateur  operationnel  comportant 
une  entree  adaptee  pour  recevoir  ledit  30 
second  signal  d'actionnement  net,  une 
sortie,  et  un  circuit  de  retroaction  monte 
entre  ladite  entree  et  ladite  sortie,  ledit 
circuit  de  retroaction  comprenant  un 
moyen  formant  resistance  et  un  moyen  35 
formant  condensateur  montes  electrique- 
ment  en  parallele;  et 
(ii)  un  moyen  (66)  formant  detecteur  de 
niveau  pour  generer  un  signal  de  declen- 
chement  directionnel  lorsque  I'amplitude  40 
d'un  signal  de  sortie  en  provenance  de  la 
sortie  dudit  amplificateur  operationnel  de- 
passe  un  niveau  predetermine. 

Relais  de  surintensite  directionnel  selon  la  re-  45 
vendication  7,  comprenant  en  outre  : 

(a)  un  moyen  (82)  pour  generer  un  troisie- 
me  signal  de  retenue  ayant  une  amplitude 
qui  est  rapportee  a  la  somme  des  amplitu- 
des  dudit  signal  l2  et  dudit  signal  KTI2,  et  so 
(b)  un  quatrieme  moyen  de  comparaison 
d'energie  adapte  pour  recevoir  lesdits  se- 
cond  et  troisieme  signaux  de  retenue,  ledit 
quatrieme  moyen  de  comparaison  d'energie 
comprenant  :  55 

(i)  un  moyen  (86)  pour  comparer  I'ampli- 
tude  du  second  signal  de  retenue  avec 
I'amplitude  du  troisieme  signal  de  rete- 

10. 

nue  et  pour  fournir  un  troisieme  signal 
net  ayant  une  amplitude  qui  est  rappor- 
tee  a  la  difference  entre  les  amplitudes 
dudit  second  signal  de  retenue  et  dudit 
troisieme  signal  de  retenue; 
(ii)  un  quatrieme  moyen  (92)  formant  cir- 
cuit  integrates  comprenant  un  quatrieme 
amplificateur  operationnel  comportant 
une  entree  adaptee  pour  recevoir  ledit 
second  signal  net,  une  sortie,  et  un  cir- 
cuit  de  retroaction  monte  entre  ladite  en- 
tree  et  ladite  sortie,  ledit  circuit  de  re- 
troaction  comprenant  un  moyen  formant 
resistance  et  un  moyen  formant  conden- 
sateur  montes  electriquement  en  paralle- 
le;  et 
(iii)  un  moyen  (94)  formant  detecteur  de 
niveau  pour  generer  un  signal  de  bloca- 
ge  directionnel  lorsque  I'amplitude  du  si- 
gnal  de  sortie  en  provenance  de  la  sortie 
dudit  amplificateur  operationnel  depasse 
un  niveau  predetermine. 

Relais  de  surintensite  directionnel  selon  la  re- 
vendication  8,  comprenant  en  outre  : 

(a)  un  moyen  pour  appliquer  au  moins  une 
partie  dudit  second  signal  d'actionnement 
audit  quatrieme  moyen  de  comparaison 
d'energie; 
(b)  un  moyen  (86)  pour  additionner  ladite 
partie  dudit  second  signal  d'actionnement 
net  avec  ledit  troisieme  signal  de  retenue; 
(c)  un  moyen  (86)  pour  comparer  I'amplitu- 
de  de  ladite  somme  du  troisieme  signal  de 
retenue  et  de  ladite  partie  dudit  second 
signal  d'actionnement  net  avec  ledit  second 
signal  de  retenue  et  pour  fournir  un  troisie- 
me  signal  net  ayant  une  amplitude  qui  est 
rapportee  a  la  difference  entre  I'amplitude 
du  signal  resultant  de  I'addition  du  troisieme 
signal  de  retenue  et  de  ladite  partie  dudit 
second  signal  d'actionnement  net  et  I'ampli- 
tude  dudit  second  signal  de  retenue;  et 
(d)  un  moyen  pour  appliquer  ledit  troisieme 
signal  net  a  I'entree  dudit  quatrieme  amplifi- 
cateur  operationnel  (92). 

Relais  de  surintensite  directionnel  selon  la  re- 
vendication  9,  comprenant  en  outre  : 

(a)  un  moyen  (36)  pour  generer  un  signal 
V2,  lors  de  I'apparition  d'un  pole  ouvert  a  la 
suite  d'un  seul  declenchement  de  pole 
d'une  autre  phase  dudit  systeme  de  distri- 
bution  d'energie  electrique  a  courant  alter- 
natif  triphase,  ce  signal  etant  rapporte  a  une 
quantite  de  defaut  du  signal  V2;  et 
(b)  un  moyen  (70)  pour  generer  un  signal  l2 
lors  de  I'apparition  dudit  pole  ouvert,  ce 
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signal  etant  rapporte  a  une  quantite  de  de- 
faut  du  signal  l2; 

grace  a  quoi  ledit  troisieme  signal  d'ac- 
tionnement  a  une  amplitude  qui  est  rapportee 
a  la  difference  entre  le  signal  V2  et  ledit  signal  5 
l2;  ledit  second  signal  de  retenue  est  rapporte 
a  la  somme  des  amplitudes  desdits  signaux  V2 
et  l2;  et  ledit  troisieme  signal  de  retenue  a  une 
amplitude  qui  est  rapportee  a  la  somme  des 
amplitudes  dudit  signal  l2  et  dudit  signal  l2  10 
multiplied  par  ladite  fonction  de  multiplication 
KT  pendant  I'apparition  dudit  pole  ouvert. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

17 



o  t—  ( rO 



00  I  r~r-  I  I 

CO  <  
.CO 

A  

c c I- 
a c u I- 

c 
I  c 

52  A   
oo-.  , 

CO 
>  CO > 

J  

V 

A  LL. 



EP  0  316  203  B1 

20 



C 

oo 

J  I  — 
.  C_3 J  

CO 

y  

=   CO 
0 | j j  V  < Q . c a  

jj  ,1  .1  il 


	bibliography
	description
	claims
	drawings

