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©  Feeding  system  and  feeding  method  for  a  submarine  cable  communication  system. 

©  A  feeding  system  for  supplying  a  current  to 
repeaters  (3)  on  communication  cable  including 
a  feed  line  (4)  for  conducting  a  current  to  the 
repeaters,  comprising  :  a  plurality  of  branching 
units  (1  j,  j=1,  2,  ...)  provided  on  the  communi- 
cation  cable;  terminal  stations  (2,,  i=1,  2,  ...) 
each  being  connected  through  at  least  one  of 
the  repeaters  to  one  of  the  branching  units  (1j), 
each  of  the  terminal  stations  feeding  a  current 
through  the  feed  line  to  the  repeaters  ;  each  of 
the  plurality  of  branching  units  having  at  least 
one  switching  circuit  for  switching  to  connect 
the  at  least  one  of  the  repeaters  to  the  com- 
munication  cable  or  to  the  ground,  depending 
on  the  amount  of  current  conducting  through 
the  feed  line  in  the  communication  cable  ;  the 
current  thresholds  of  the  switching  circuits  in 
the  plurality  of  branching  units  being  different 
from  each  other. 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 
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BACKGROUND  OF  THE  INVENTION 

(1)  Field  of  the  Invention 

The  present  invention  relates  to,  for  example,  a 
feeding  system  and  method  for  a  submarine  cable 
communication  system  for  effecting  communication 
among  multi-points  by  using  submarine  cables  such 
as  optical  submarine  communication  cables,  and  in 
particular,  relates  to  a  feeding  system  and  method  for 
communication  cables  having  feed  lines  for  supplying 
currents  to  a  plurality  of  repeaters  provided  at  every 
predetermined  distance  on  the  communication  cables 
for  branching  and  connecting  at  least  three  terminal 
stations. 

(2)  Description  of  the  Related  Art 

Conventionally,  only  a  single  submarine  branch- 
ing  unit  is  provided  in  a  transmission  system  utilizing 
optical  submarine  communication  cables  for  connect- 
ing  at  least  three  cable  landing  stations  through 
repeaters. 

Recently  however,  the  need  to  provide  a  system 
in  which  a  plurality  of  branching  units  are  provided  in 
one  communication  system  to  effect  communication 
among  an  increased  number  of  cable  landing  stations 
has  increased. 

Accordingly,  the  present  invention  has  an  object 
to  provide  a  feeding  system  and  method  for  communi- 
cation  cables  that  can  control  a  plurality  of  branching 
units  in  one  communication  system,  whereby  it  is 
possible  to  accommodate  a  communication  system 
and  able  to  communicate  among  a  large  number  and 
a  wide  range  of  stations,  is  highly  efficient,  is  very  con- 
venient,  and  has  a  developing  and  complex  communi- 
cation  network. 

SUMMARY  OF  THE  INVENTION 

To  attain  the  above  object,  there  is  provided, 
according  to  the  present  invention,  a  feeding  system 
for  supplying  a  current  to  repeaters  on  a  communi- 
cation  cable.  The  communication  cable  includes  a 
feed  line  for  conducting  a  feed  current  to  the  repea- 
ters.  The  system  comprises  a  plurality  of  branching 
units  provided  at  a  plurality  of  branching  points  on  the 
communication  cable,  and  a  plurality  of  terminal  sta- 
tions  each  connected  through  at  least  one  of  the 
repeaters  to  one  of  the  branching  units.  Each  of  the 
terminal  stations  feeds  a  current  through  the  feed  line 
to  the  corresponding  single  or  multiple  repeaters. 

Each  of  the  plurality  of  branching  units  has  at 
least  one  switching  circuit  for  connecting  at  least  one 
of  the  repeaters  to  the  communication  cable  or  to  the 
ground,  depending  on  the  amount  of  current  passing 
through  the  feed  line  in  the  communication  cable.  The 
current  thresholds  of  the  switching  circuits  in  the 

plurality  of  branching  units  are  different  from  each 
other. 

According  to  one  aspect  of  the  present  invention, 
one  of  the  switching  circuit  comprises  a  first  current 

5  branching  circuit,  connected  parallel  with  a  driving  cir- 
cuit  for  conducting  an  operating  current  to  drive  the 
switching  circuit,  for  conducting  a  first  current  in  one 
direction  only,  and  a  second  current  branching  circuit, 
connected  parallel  with  the  driving  circuit,  forconduct- 

10  ing,  in  a  direction  opposite  to  the  direction  of  the  cur- 
rent  through  the  first  current  branching  circuit,  and  a 
second  current  different  from  the  first  current. 

According  to  still  another  aspect  of  the  present 
invention,  there  is  provided  a  feeding  method  in  a 

15  feeding  system  as  mentioned  above,  in  which  when 
a  switching  instruction  is  to  be  given  to  a  plurality  of 
branching  units,  currents  having  values  over  the  cur- 
rent  thresholds  are  sequentially  supplied  in  order  from 
a  smaller  current  threshold;  and  when  an  instruction 

20  to  return  the  switching  is  to  be  given,  currents  having 
values  over  the  current  thresholds  are  sequentially 
supplied  in  order  from  a  larger  current  threshold. 

According  to  still  another  aspect  of  the  present 
invention,  in  the  method  as  described  above,  each  of 

25  the  switching  circuits  has  operating  currents  depend- 
ing  on  the  current  direction.  The  feed  line  switching 
circuits  in  the  respective  branching  units  are  construc- 
ted  so  as  to  have  different  operating  currents  for  the 
same  feed  current  direction  in  a  both-end  feed  line  to 

30  be  set.  At  system  start  up  after  a  fault  has  occurred, 
between  a  non-fault  line  side  station  at  the  side  of  a 
fault  side  branching  unit  and  a  station  at  a  non-fault 
side  branching  unit  side,  a  current  is  supplied  with  a 
feeding  current  direction  for  operating  the  switching 

35  circuit  in  the  fault-side  branching  unit  by  a  smaller 
operating  current  so  that  the  feed  line  is  switched  to 
disconnect  the  fault  line,  and  then  a  larger  feeding  cur- 
rent  is  supplied  in  the  same  direction  so  that  the 
switching  circuit  in  the  no-fault  side  branching  unit  is 

40  switched  to  set  a  feed  line. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  object  and  features  of  the  present 
45  invention  will  be  more  apparent  from  the  following 

description  of  the  preferred  embodiments  with  refer- 
ence  to  the  accompanying  drawings,  wherein: 

Figure  1  is  a  principal  block  diagram  of  the  first 
invention; 

so  Fig.  2  is  a  principal  block  diagram  of  the  second 
invention; 
Fig.  3  is  a  diagram  showing  a  feed  line  of  a  total 
communication  system  according  to  an  embodi- 
ment  of  the  present  invention; 

55  Figs.  4A  to  4C  are  explanatory  diagrams  of  a 
switching  of  the  feed  line  of  the  communication 
system  according  to  an  embodiment  of  the  pre- 
sent  invention; 
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Fig.  5  is  a  diagram  showing  the  status  of  a  switch- 
ing  when  no  power  is  supplied  according  to  an 
embodiment  of  the  present  invention; 
Figs.  6A  and  6B  are  explanatory  diagrams  of  a 
switching  of  a  first  branching  unit  according  to  an  5 
embodiment  of  the  present  invention; 
Figs.  7A  and  7B  are  explanatory  diagrams  of  a 
switching  of  a  second  branching  unit  according  to 
an  embodiment  of  the  present  invention; 
Fig.  8A  and  8B  are  explanatory  diagrams  of  a  10 
switching  of  a  third  branching  unit  according  to  an 
embodiment  of  the  present  invention; 
Figs.  9A  to  9D  are  explanatory  diagrams  showing 
a  normal  operation  state  of  the  feed  line  accord- 
ing  to  to  an  embodiment  of  the  present  invention;  15 
Fig.  10  is  a  diagram  showing  a  feed  line  (normal 
state)  of  a  total  communication  system  in  a  con- 
ventional  example; 
Fig.  11  is  a  diagram  showing  the  status  of  a 
switching  during  fault  in  a  conventional  example;  20 
Fig.  12  is  a  diagram  showing  a  voltage  distribution 
when  a  feed  line  is  switched  in  a  branching  unit 
in  a  conventional  example; 
Figs.  13A  to  13C  are  diagrams  for  explaining  the 
method  of  a  feed  line  switching  in  a  submarine  25 
cable  communication  system  including  two 
branching  units  according  to  an  embodiment  of 
the  present  invention; 
Fig.  14A  and  14B  are  diagrams  for  explaining 
problems  in  the  system  shown  in  Fig.  13A;  30 
Fig.  15  is  a  diagram  for  explaining  the  principle 
according  to  another  aspect  of  the  present  inven- 
tion; 
Fig.  16  is  a  block  diagram  showing  a  submarine 
cable  communication  system  according  to  an  35 
embodiment  of  the  present  invention. 
Fig.  17  is  a  block  diagram  showing  another  embo- 
diment  of  the  present  invention; 
Fig.  18  is  a  diagram  explaining  the  modes  of  the 
feed  lines  which  are  possible  to  be  set  in  the  sys-  40 
tern  of  an  embodiment  shown  in  Fig.  17; 
Fig  19  is  a  block  diagram  showing  still  another 
embodiment  of  the  present  invention; 
Fig.  20  is  a  diagram  explaining  the  modes  of  the 
feed  lines  which  are  possible  to  be  set  in  the  sys-  45 
tern  of  an  embodiment  shown  in  Fig.  19; 
Fig.  21  is  a  block  diagram  showing  a  still  another 
embodiment  of  the  present  invention; 
Fig.  22  is  a  diagram  explaining  the  modes  of  the 
feed  lines  which  are  possible  to  be  set  in  the  sys-  50 
tern  of  an  embodiment  shown  in  Fig.21; 
Fig.  23  is  a  block  diagram  showing  a  still  another 
embodiment  of  the  present  invention; 
Fig.  24  is  a  diagram  explaining  the  modes  of  the 
feed  lines  which  are  possible  to  be  set  in  the  sys-  55 
tern  of  an  embodiment  shown  in  Fig.23; 
Fig.  25  is  a  diagram  showing  an  example  of  a  feed 
line  switching  circuit  as  an  embodiment  of  the  pre- 

sent  invention; 
Fig.  26  is  a  diagram  showing  an  example  of  a  feed 
line  switching  circuit  as  an  another  embodiment 
of  the  present  invention; 
Fig.  27  is  a  diagram  showing  an  example  of  a  feed 
line  switching  circuit  as  a  still  another  embodi- 
ment  of  the  present  invention;  and 
Fig.  28A  and  28B  are  diagrams  showing  an 
example  of  a  circuit  in  which  a  contact  located  at 
the  same  position  is  actuated  by  different  current 
values  depending  on  the  current  direction. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

For  a  better  understanding  of  the  present  inven- 
tion,  a  conventional  system  is  first  described  with 
reference  to  Figs.  10to14B.  In  Fig.  10,  a  conventional 
transmission  system  includes  only  a  single  submarine 
branching  unit  81  which  is  connected  through  optical 
submarine  repeaters  3̂   32,  and  33  provided  at  every 
predetermined  distance  on  the  optical  submarine 
cables,  by  means  of  optical  submarine  communi- 
cation  cables,  to  three  cable  landing  stations  217  22, 
and  23  provided  on  the  land,  respectively.  Between 
the  cable  landing  stations  2  ̂ 22,  and  23,  a  communi- 
cation  is  effected.  The  optical  submarine  cables 
include  feed  lines  4  ̂ 42,  and  43,  respectively,  for  sup- 
plying  power  from  the  cable  landing  stations21,  22, 
and  23  to  the  optical  submarine  repeaters  3̂   32,  and 
33.  The  submarine  branching  unit  81  has  a  switching 
circuit  80  for  switching,  when  a  fault  occurs  on  one  of 
the  optical  submarine  communication  cables  among 
the  feed  lines  4  ̂ 42,  and  43  so  as  to  continue  com- 
munication  through  communication  cables  without  a 
fault.  The  switching  in  the  switching  circuit  80  is  effec- 
ted  by  controlling  a  feeding  current  and  voltage  from 
the  cable  landing  stations.  The  optical  submarine 
repeaters  3  ̂ 32,  and  33  compensate  for  a  reduction  in 
the  power  of  optical  communication  signals  by  receiv- 
ing  power  from  the  cable  landing  stations  2  ̂ 22,  and 
23,  respectively. 

When  a  fault  occurs  on  one  of  the  optical  sub- 
marine  communication  cables,  it  is  not  necessary  to 
supply  power  to  a  repeater  provided  on  the  optical 
submarine  communication  cable  on  which  the  fault 
has  occurred.  Therefore,  the  submarine  branching 
unit  81  has  to  be  switched  to  ground  the  feed  line  con- 
nected  to  the  repeater  in  question. 

For  example,  when  a  fault  occurs  on  the  optical 
communication  cable  between  the  submarine  branch- 
ing  unit  81  and  the  cable  landing  station  C23,  the  feed 
line  43  connected  to  the  repeater  33  is  switched  to  be 
grounded  as  shown  in  Fig.  11  A;  when  a  fault  occurs 
on  the  optical  communication  cable  between  the  sub- 
marine  branching  unit  81  and  the  cable  landing  station 
A2i,  the  feed  line  4̂   is  switched  to  be  grounded  as 
shown  in  Fig.  11B;  and  when  a  fault  occurs  on  theopti- 
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cal  communication  cable  between  the  submarine 
branching  unit  81  and  the  cable  landing  station  B22, 
the  feed  line  42  is  switched  to  be  grounded  as  shown 
in  Fig.  11C. 

To  switch  the  switching  circuit  80,  a  predeter- 
mined  current  is  supplied  to  the  switching  circuit  80. 
The  predetermined  current  is  the  threshold  current  of 
the  switching  circuit  80.  The  threshold  current  was 
previously  determined  during  the  manufacturing  pro- 
cess. 

The  switching  circuit  80  is  constituted  by  a  relay 
having  contacts.  Therefore,  in  the  switching  oper- 
ation,  it  is  necessary  to  avoid  stress  on  the  feed  line 
switching  circuit  80  in  the  branching  unit  81  due  to  an 
arc  discharge  because  of  a  potential  difference  of  the 
contacts  between  the  pre-switching  and  the  after- 
switching.  To  this  end,  the  contacts  in  the  branching 
circuit  81  which  is  to  be  switched  are  made  to  be  zero 
potential  with  respect  to  the  ground. 

To  make  the  voltage  across  the  contacts  of  the 
relay  to  be  zero,  the  voltage  and  current  controls  are 
effected  as  shown  in  Figs.  12A  and  12B  in  which  two 
cable  landing  stations  A  and  B  and  a  branching  unit 
BU  are  shown.  To  effect  a  switching  operation  in  the 
branching  unit  BU,  first,  as  shown  in  Fig.  12A,  at  the 
station  B,  a  constant  voltage  V  is  applied  between  the 
station  B  and  the  station  A.  The  value  of  the  voltage 
V  is  the  predetermined  voltage  between  the  station  B 
and  the  branching  unit  BU  when  the  predetermined 
threshold  current  is  conducted  through  the  branching 
unit  BU  at  the  time  when  the  potential  at  the  branching 
unit  BU  becomes  zero  with  respect  to  the  ground. 
Then,  as  shown  in  Fig.  12B,  at  the  station  A,  a  current 
is  increased  until  the  potential  at  the  branching  unit 
BU  becomes  zero  with  respect  to  the  ground,  while 
the  voltage  V  at  the  station  B  is  kept  constant.  When 
the  potential  at  the  branching  unit  BU  becomes  zero 
with  respect  to  the  ground,  the  predetermined 
threshold  current  I  flows  through  the  branching  unit 
BU  so  that  the  switching  is  effected  in  the  switching 
circuit. 

Namely,  one  cable  landing  station  B  controls  the 
voltage  value  of  the  feed  line  switching  circuit  in  the 
branching  unit  to  be  0  V  by  changing  the  voltage  value 
while  the  current  value  is  made  constant  by  means  of 
a  constant  current  control,  and  then  the  cable  landing 
station  A  performs  the  switching  by  flowing  a  current 
having  a  current  value  necessary  for  the  switching  of 
the  corresponding  feed  switching  circuit  80,  such  as 
a  relay,  by  changing  the  current  value  while  the  volt- 
age  value  is  made  constant. 

On  the  other  hand,  recently,  a  requirement  to  pro- 
vide  a  system  in  which  a  plurality  of  branching  units 
are  provided  in  one  communication  system  to  effect 
communication  among  an  increased  number  of  cable 
landing  stations  has  increased. 

The  object  of  the  present  invention  is  to  satisfy  the 
above  requirement. 

Now,  embodiments  of  the  present  invention  are 
described  in  detail  with  reference  to  the  drawings. 

Figure  1  is  a  principal  diagram  of  a  first  embodi- 
ment  of  the  present  invention.  In  the  figure,  a  feeding 

5  system  for  communication  according  to  an  embodi- 
ment  of  the  present  invention  is  shown.  The  feeding 
system  is  for  supplying  a  current  to  repeaters  3  on  a 
communication  cable.  The  communication  cable 
includes  a  feed  line  4  for  conducting  a  feed  current  to 

10  the  repeaters  3.  The  feeding  system  comprises  a 
plurality  of  branching  units  1j,  where  j=1,  2  pro- 
vided  at  a  plurality  of  branching  points  on  the  com- 
munication  cable,  and  a  plurality  of  terminal  stations 
2|,  where  i=1,  2  Each  of  the  terminal  stations  is 

15  connected  through  at  least  one  of  the  repeaters  3  to 
one  of  the  branching  units  1j.  Each  of  the  terminal  sta- 
tions  feeds  a  current  through  the  feed  line  to  the  at 
least  one  of  the  repeaters  3. 

Each  of  the  plurality  of  branching  units  1j,  j=1, 
20  2,  ...  has  at  least  one  switching  circuit  for  switching  to 

connect  the  at  least  one  of  the  repeaters  to  the  com- 
munication  cable  or  to  the  ground,  depending  on  the 
amount  of  current  flowing  through  the  feed  line  in  the 
communication  cable. 

25  The  current  thresholds  of  the  switching  circuits  in 
the  plurality  of  branching  units  are  different  from  each 
other. 

Figure  2  is  a  flow  chart  explaining  a  feeding 
method  according  to  a  second  embodiment  of  the  pre- 

30  sent  invention.  In  the  figure,  the  feeding  method  is  car- 
ried  out  by  using  the  system  shown  in  Fig.  1  .  When  a 
switching  instruction  is  given  to  a  plurality  of  branch- 
ing  units  each  having  at  least  one  switching  circuit,  at 
step  S1  ,  the  switching  circuits  having  different  switch- 

35  ing  current  thresholds  depending  on  the  currents  flow- 
ing  through  the  feed  lines,  and  currents  having  values 
over  the  current  threshold  values  are  sequentially 
supplied  from  a  smaller  current  threshold  ,  and  when 
an  instruction  to  reset  the  switching,  at  step  S2,  cur- 

40  rents  having  values  over  the  current  threshold  values 
are  sequentially  supplied  from  a  larger  current 
threshold. 

In  the  following,  the  mode  of  operation  in  the  first 
and  the  second  embodiments  of  the  present  invention 

45  are  explained. 
When  a  feed  line  4  is  to  be  switched  because  of 

a  fault  on  the  feed  line  4  or  at  any  point  on  the  com- 
munication  line,  at  step  S1,  among  the  different  cur- 
rent  thresholds  of  the  switching  circuits  to  be 

so  switched,  the  branching  circuits  each  having  at  least 
one  switching  circuit,  the  currents  having  values  more 
than  the  threshold  values  are  sequentially  supplied  in 
order  from  the  smaller  current  threshold. 

By  controlling  a  voltage  at  a  terminal  station,  the 
55  potential  at  the  branching  unit  in  which  the  switching 

is  to  be  effected  is  set  to  zero  with  respect  to  the 
ground,  and  then  by  conducting  a  current  having  a 
value  greater  than  the  current  threshold  of  the  switch- 

4 
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ing  circuit  in  question,  the  switching  circuit  in  the 
branching  unit  is  switched.  Thus,  by  increasing  the 
conducting  current,  the  branching  units  are  sequen- 
tially  switched  without  applying  stress  on  each  switch- 
ing  circuit. 

When  the  switching  is  reset,  at  step  S2,  currents 
having  values  greater  than  the  different  threshold 
values  of  the  switching  circuits  in  the  respective 
branching  units  1  j  are  conducted  in  sequence  from  the 
larger  current. 

At  this  time  also,  in  the  same  way  as  in  the  abo- 
ve-mentioned  switching  operation,  by  controlling  a 
voltage  at  a  terminal  station,  with  respect  to  the 
branching  unit  in  which  the  switching  is  to  be  effected, 
the  voltage  with  respect  to  the  ground  is  set  to  zero, 
and  then  by  conducting  a  current  having  a  value  more 
than  the  threshold  value,  the  branching  units  are 
sequentially  switched  so  that  it  is  possible  to  reset  the 
switching  without  applying  stress  on  each  switching 
circuit. 

Figure  3  shows  a  detailed  block  diagram  accord- 
ing  to  to  the  first  and  second  embodiments  of  the  pre- 
sent  invention. 

As  shown  in  the  figure,  in  the  feeding  system  and 
method  for  communication  cables,  there  are  provided 
cable  landing  stations  12  j  i=1,2  n+2,  which  are  a 
plurality  of  terminal  stations,  a  plurality  of  repeaters  3 
provided  at  every  predetermined  distance  on  the  opti- 
cal  communication  cables,  which  are  communication 
cables  for  branching  and  connecting  among  the  cable 
landing  stations,  feed  lines  4  provided  for  supplying 
currents  to  the  repeaters,  and  a  plurality  of  branching 
units  11k  ,  where  k=1,  2  n,  provided  at  respective 
branching  points  on  the  feed  lines,  each  having  two 
switching  circuits  having  different  current  thresholds 
for  switching  by  currents  flowing  through  the  feed 
lines. 

Also,  the  current  thresholds  lkand  lm  (k*m)of  the 
switching  circuits  provided  in  the  different  branching 
units  are  different,  and  the  current  threshold  lk  is  set 
to  be  larger  along  with  the  increase  of  the  number  k 
(l1<l2<l3<...ln  ),  and  the  current  thresholds  for  switch- 
ing  in  the  two  switching  circuits  in  the  same  branching 
unit  are  set  to  be  the  same  value  lk.  Even  the 
maximum  current  threshold  ln  of  several  hundreds 
miliampere  is  smaller  than  the  normal  feeding  current 
of  1.6  A. 

Figs.  4A  to  4C  are  diagrams  explaining  the  sequ- 
ence  of  the  switching  according  to  the  above-des- 
cribed  embodiments  of  the  present  invention. 

As  shown  in  Fig.  4A,  a  terminal  station  A  applies 
a  voltage  between  the  terminal  stations  A  and  F. 
The  voltage  is  the  predetermined  voltage  between 
the  terminal  station  A  and  the  branching  unit  BU1 
when  the  branching  unit  BU1  is  switching.  Then,  the 
terminal  station  F  supplies  a  current  h  to  the  feed  line 
while  the  voltage  at  the  terminal  station  A  is  kept 
constant.  The  value  of  the  current  h  is  the  current 

threshold  of  the  branching  unit  BU1  .  Thus,  a  switching 
is  effected  in  the  branching  unit  BU1. 

Then,  as  shown  in  Fig.  4B,  the  terminal  station  A 
applies  a  voltage  V2  between  the  terminal  stations  A 

5  and  F  while  a  current  from  the  terminal  station  F  is 
kept  at  l1  .  The  voltage  V2  is  the  predetermined  voltage 
between  the  terminal  station  A  and  the  branching  unit 
BU2  when  the  branching  unit  BU2  is  switching  .  Then, 
the  terminal  station  F  supplies  a  current  l2  larger  than 

10  h  to  the  feed  line  while  the  voltage  V2  at  the  terminal 
station  A  is  kept  constant.  The  value  of  the  current  l2 
is  the  current  threshold  of  the  branching  unit  BU2. 
Thus,  a  switching  is  effected  in  the  branching  unit 
BU2. 

15  Similarly,  by  the  constant  voltage  control  and  the 
constant  current  control,  the  branching  unit  BU3 
switches.  The  branching  units  followed  by  the  branch- 
ing  units  BU3  also  operate  sequentially  to  switch. 

Figures  5,  6,  7,  and  8  are  diagrams  for  explaining 
20  the  switching  operations  in  the  branching  units  BU1, 

BU2,  and  BU3.  To  make  the  explanation  simple  as 
shown  in  Fig.  5,  Fig.  6,  Fig.  7,  and  Fig.  8,  there  is  a 
limitation  of  three  branching  units  11  ̂ 112,  and  113 
and  a  limitation  of  five  cable  landing  stations  12  ̂ 122, 

25  123,  124,  and  125. 
In  Figs  5  to  8,  there  are  two  switching  circuits  5 

and  6,  7  and  8,  or  9  and  10  in  each  branching  circuit 
Hl  112,  or  113.  These  switching  circuits  are  relays. 
Each  switching  circuit  has  coils  K1  and  K1  ,  K3  and  K4, 

30  or  K5  and  K6  and  switches  k1  and  k2,  k3  and  k4,  or 
k5  and  k6,  which  are  opened  or  closed  by  the  corre- 
sponding  coils.  In  the  branching  unit  11  ̂ the  coil  K1 
and  the  switch  k2  which  does  not  correspond  to  the 
coil  K1  and  is  connected  to  the  cable  lancing  station 

35  12l  are  connected  in  series,  and  the  coil  K2  and  the 
switch  k1  which  does  not  correspond  to  the  coil  K2 
and  is  connected  to  the  cable  landing  station  122,  are 
connected  in  series.  Similarly,  in  each  switching  cir- 
cuit  7,  8,  9,  or  10,  on  the  feed  line  leading  to  the  cor- 

40  responding  cable  landing  station,  the  coil  for  the  relay 
and  the  switch  which  does  not  correspond  to  the  coil 
are  connected  in  series.  The  current  threshold  of  the 
coils  for  switching  the  switching  circuits  provided  in 
the  same  branching  units  is  set  to  be  the  same  such 

45  as  (K,,  K2)=U,  (K3,  K4)=l2,  or  (K5,  K6)=l3.  The  current 
thresholds  l2,  and  l3  for  switching  among  the  diffe- 
rent  branching  units  are  set  to  be  different  from  each 
other,  and  are  set  to  be  in  the  order  of  ^<  l2<  l3. 

Next,  the  operation  according  to  to  the  embodi- 
50  ment  of  the  present  invention  is  described.  In  this 

embodiment,  a  description  is  provided  for  the  case 
when  a  switching  is  effected  in  such  a  way  as  to  con- 
nect  the  feed  line  between  the  cable  landing  station 
A12i  and  the  cable  landing  station  E125,  disconnect 

55  the  other  cable  landing  stations  122  to  124  from  the 
feed  line  and  connect  them  to  the  ground. 

Figure  5  shows  the  state  before  the  switching 
operation.  In  this  state,  all  of  the  cable  landing  stations 
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A12i  to  E125  are  connected  to  the  corresponding 
branching  units  1  1  1,  1  1  2.  and  11  3,  but  no  power  is  sup- 
plied  to  each  repeater.  Namely,  although  the  switch- 
ing  circuits  5,  6,  7,  8,  9,  and  10  provided  in  each 
branching  unit  11  ̂ 112,  and  113  are  in  the  states  to 
connect  the  corresponding  cable  landing  stations  to 
the  branching  units,  power  is  not  supplied  from  each 
cable  landing  station  to  the  feed  line. 

To  effect  a  switching  to  disconnect  the  cable  land- 
ing  stations  B122,  B123,  and  B124  from  the  feed  lines 
and  to  connect  it  to  the  ground,  the  cable  landing  sta- 
tions  B122,  B123,  and  B124  are  disconnected  from  the 
corresponding  feed  lines  before  the  switching  oper- 
ation  so  that  the  coils  K2,  K4  and  K6  are  not  energized 
during  the  switching.  This  disconnection  is  effected  in 
each  of  the  cable  landing  stations  B122,  B123,  and 
B124.  Then,  as  shown  in  Fig.  6A,  the  switching  is 
effected  first  from  the  switching  circuit  having  the 
smallest  current  threshold  h,  namely  from  the  branch- 
ing  unit  11  ̂ At  this  time,  as  shown  in  Fig.  6B,  by 
means  of  the  constant  voltage  control  and  the  con- 
stant  current  control  as  mentioned  before  by  the  cable 
landing  station  A~\2̂   and  the  cable  landing  station 
E125  respectively,  the  potential  at  the  branching  unit 
1  1  1  is  set  to  zero  potential,  which  is  the  same  as  the 
ground  potential,  so  that  a  current  having  a  current 
value  exceeding  the  current  threshold  h  of  the  branch- 
ing  unit  1  1  1  but  not  exceeding  the  current  threshold  l2 
of  the  next  branching  unit  112,  is  conducted  on  the 
feed  line  4  connected  between  the  cable  landing  sta- 
tion  A12i  and  the  cable  landing  station  E125,  whereby 
a  magnetic  force  is  generated  from  the  coil  K1  in  the 
switching  circuit  5  in  the  branching  unit  1  1  u  so  that  the 
switch  k1  is  opened  by  attracting  one  end  of  the  switch 
k1  by  means  of  the  magnetic  force  to  the  feed  line  of 
the  ground  side,  thus  the  switching  is  performed  as 
shown  in  Fig.  6A.  In  this  way,  the  cable  landing  station 
B123  is  grounded  without  operating  the  other  switch- 
ing  circuits. 

Next,  as  shown  in  Fig.  7A,  the  branching  unit  112 
is  switched.  In  the  branching  unit  113,  the  current 
threshold  l2,  which  is  the  next  lower  current  threshold 
is  set. 

At  this  time,  as  shown  in  Fig.  7B,  the  potential  at 
the  branching  unit  1  13  is  set  to  zero  voltage,  which  is 
the  same  as  the  ground  potential,  so  that  a  current 
having  a  current  value  exceedings  the  current 
threshold  l2  of  the  branching  unit  113  but  not  exceed- 
ing  the  current  threshold  l3  of  the  next  branching  unit 
113,  is  conducted  on  the  feed  line  4  connected  be- 
tween  the  cable  landing  station  A12i  and  the  cable 
landing  station  E125,  whereby  the  switching  circuit  7 
in  the  branching  unit  1  12  is  switched  so  that  the  cable 
landing  station  C123  is  grounded  without  operating 
the  other  switching  circuits.  Namely,  in  the  branching 
unit  Hi,  since  the  switch  k1  provided  on  the  feed  line 
connected  to  the  cable  landing  station  B122  which  has 
been  already  switched  has  been  opened,  the  switch 

k2  provided  on  the  feed  line  connected  to  the  cable 
landing  station  A12i  is  not  influenced  by  the  coil  K2 
even  when  there  is  a  potential  difference  between  the 
contact  of  the  switch  k2  and  the  ground;  and  in  the 

5  branching  unit  113,  the  current  value  does  not  reach 
the  current  threshold  l3  of  the  switching  circuit  so  that 
the  switching  circuit  9  is  not  influenced  by  the  current 
la- 

in  a  similar  way,  Fig.  8A  shows  the  case  of  the 
10  switching  of  the  switching  circuits  9  (K5,  ks)  and  1  0  (K6, 

k6). 
In  this  case,  as  shown  in  Fig.  8B,  the  potential  at 

the  branching  unit  1  13  is  set  to  zero  voltage,  which  is 
the  same  as  the  ground  potential,  so  that  a  current 

15  having  a  current  value  exceeding  the  current 
threshold  l3  of  the  branching  unit  1  13  is  conducted  on 
the  feed  line  4  connecting  the  cable  landing  station 
A12i  and  the  cable  landing  station  125,  whereby  the 
switching  circuit  9  in  the  branching  unit  113  is 

20  switched.  At  this  time,  since  the  other  branching  units 
have  been  switched,  the  flow  of  the  current  does  not 
influence  on  the  other  branching  units. 

Thus,  as  shown  in  Fig.  7B  and  Fig.  8B,  along  with 
an  increase  of  the  current  threshold,  the  potential  dif- 

25  ference  set  between  the  cable  landing  station  A~\2̂  
and  the  cable  landing  station  E125  is  increased,  and 
accordingly,  the  current  flowing  through  the  feed  line 
4  (corresponding  to  the  inclination  of  the  slash  line)  is 
increased. 

30  On  the  other  hand,  during  a  normal  period  of  feed- 
ing,  as  shown  in  Figs.  9A,  9B,  9C  and  9D,  by  conduct- 
ing  a  current  larger  than  the  above-mentioned  current 
l3  through  the  switched  feed  line  between  the  cable 
landing  station  AM  ̂ and  the  cable  landing  station 

35  E125,  power  is  supplied  to  each  repeater  connected 
between  the  stations.  At  this  time,  the  voltage  values 
at  the  cable  landing  station  A1  2̂   and  the  cable  landing 
station  E125  are  set  the  same.  Also,  to  supply  power 
to  a  repeater  on  the  feed  line  connected  to  the  other 

40  cable  landing  station  B122,  C123,  or  D124as  shown  in 
the  lower  portion  of  the  figure,  the  power  feed  is  effec- 
ted  from  the  corresponding  cable  landing  station  by 
using  a  submarine  earth  on  the  branching  unit. 

The  above  explanation  is  more  generally  shown 
45  in  Figs.  4A,  4B,  and  4C.  As  shown  in  the  figures,  along 

with  an  increase  of  the  current  threshold,  the  current 
value  flowing  through  the  feed  line  is  also  increased. 

As  described  above,  according  to  the  embodi- 
ment  of  the  present  invention,  since  the  switching  cir- 

50  cuits  in  the  branching  units  are  sequentially  switched 
by  setting  the  potential  of  the  corresponding  branch- 
ing  unit  to  the  ground  potential,  the  load  on  the  switch- 
ing  circuit  at  the  switching  time  is  reduced,  and  the 
generation  of  a  surge  can  be  prevented. 

55  Note  that,  in  the  above  description,  the  current 
thresholds  in  the  switching  units  in  the  same  branch- 
ing  unit  are  set  the  same,  however,  they  are  not  res- 
tricted  to  this  case,  but  the  current  thresholds  may  be 
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different  in  the  switching  circuits  in  the  same  branch- 
ing  unit.  Also,  although  the  current  thresholds  are  set 
as  l1<l2<l3...<l  n  >  the  order  of  the  amount  is  not  res- 
tricted  to  this  case  but  may  be  arbitraly,  for  example, 
l1>l2>l3...>ln.  The  only  necessary  limitation  is  that  the 
current  threshold  in  one  branching  unit  must  be  diffe- 
rent  from  the  current  threshold  in  another  branching 
unit. 

Still  further,  as  the  construction  of  each  branching 
unit,  the  one  shown  in  Fig.  5  to  Fig.  8  was  used,  how- 
ever,  this  is  merely  one  example  of  an  explanation  of 
the  principle,  and  of  course,  the  circuit  is  not  actually 
used  as  it  is. 

As  described  above,  according  to  the  embodi- 
ment  of  the  present  invention,  a  plurality  of  branching 
units  are  provided  on  branching  points  on  a  feed  line, 
each  branching  unit  having  at  least  one  switching  cir- 
cuit  which  is  switched  depending  on  the  current  flow- 
ing  through  the  feed  line,  the  switching  circuits  having 
current  thresholds  different  from  each  other. 

Therefore,  according  to  the  above-described 
embodiment  of  the  present  invention,  the  switching  of 
the  plurality  of  branching  units  can  be  performed  by  a 
current  control  or  a  voltage  control  at  each  terminal 
station,  whereby  it  is  possible  to  accommodate  with 
communication  system  capable  of  communicating 
among  a  large  number  and  wide  range  of  stations,  is 
highly  efficient  in  use,  very  convenient,  and  has  a 
developing  and  complex  communication  network. 

The  above-described  embodiment  of  the  present 
invention,  however,  has  a  disadvantage  when  the 
switching  sequence  is  opposite  to  the  above-des- 
cribed  embodiment.  Before  explaining  this  disadvan- 
tage,  the  above-described  embodiment  of  the  present 
invention  is  summarized  with  reference  to  Figs.  13A 
and  13B. 

As  described  above,  in  an  optical  submarine 
cable  communication  system  and  so  forth,  when  a 
fault  line  is  generated  by  a  ground  fault  of  the  sub- 
marine  cable  and  so  forth,  the  feed  line  is  switched  to 
disconnect  the  fault  line  from  the  system.  In  the  feed 
line  switching  during  such  a  ground  fault,  it  is  neces- 
sary  to  switch  while  the  submarine  branching  units  are 
not  damaged  because  of  so-called  "hot  switching" 
and  so  forth  due  to  a  surge  current. 

In  a  system  in  which  a  plurality  of  submarine 
branching  units  are  used  in  one  submarine  cable  com- 
munication  system  for  effecting  a  multi-point  com- 
munication,  each  submarine  branching  unit  has  a 
feed  line  switching  function  so  that,  when  a  fault 
occurs  at  a  certain  branch,  the  feed  line  is  switched 
to  disconnect  the  fault  line  from  the  system  and  to 
ensure  communication  through  the  remaining  cables. 
To  switch  the  feed  line  by  designating  the  respective 
plural  submarine  branching  units  in  one  system,  the 
respective  submarine  branching  units  have  feed  line 
switching  circuits  having  current  thresholds  different 
from  each  other,  and  the  switching  circuits  are  sepa- 

rately  operated  by  controlling  the  feed  currents  from 
a  cable  landing  station.  In  the  feeding  for  the  switch- 
ing,  it  is  necessary  to  adjust  the  feed  voltage  so  that 
the  so-called  "hot  switching"  is  not  generated. 

5  Such  a  feed  line  switching  method  according  to 
the  above-described  embodiment  of  the  present 
invention,  is  summarized  with  reference  to  Figs.  13A 
to  13C. 

In  Fig.  13A,  A,  B,  and  Care  cable  landing  stations 
10  located  at  different  points,  the  four  cable  landing  sta- 

tions  A,  B,  C,  and  D  are  connected  by  submarine 
cables  branched  at  the  submarine  branching  units 
BU1  and  BU2.  Here,  the  feed  line  switching  circuit  in 
the  submarine  branching  unit  BU1  is  operated  by  a 

15  current  threshold  a,  and  the  feed  line  switching  circuit 
in  the  submarine  branching  unit  BU2  is  operated  by  a 
current  threshold  p  .  The  current  thresholds  are 
assumed  to  be  a<p.  The  feed  line  switching  circuits  in 
these  submarine  branching  units  BU1  and  BU2  con- 

20  nects  during  no  feed,  the  respective  branched  feed 
lines  in  the  units  from  each  other  while  they  are  insu- 
lated  from  the  submarine  earth,  and  by  conducting  the 
respective  operating  currents  of  the  current 
thresholds  a  and  p,  one  of  the  branched  feed  lines  is 

25  connected  to  the  submarine  earth,  and  the  remaining 
branched  feed  lines  are  interconnected. 

A  normal  start  up  operation  of  the  system  is  exp- 
lained.  Assume  that  feed  lines  are  formed  so  that  the 
both-end  feed  is  effected  between  the  cable  landing 

30  stations  A  and  D,  and  the  cable  landing  stations  B  and 
C  feed  at  one  end,  respectively.  The  feed  line  switch- 
ing  in  the  submarine  branching  unit  is  effected  by  sup- 
plying  the  operating  current  of  the  current  threshold  to 
the  feed  line  switching  circuit.  In  this  feed  line  switch- 

35  ing,  it  is  necessary  to  adjust  the  feeding  voltage  by  the 
both-end  cable  landing  stations  so  as  to  set  the  poten- 
tial  of  the  feed  line  switching  circuit  with  respect  to  the 
ground  at  zero.  This  is  because,  if  the  feed  line  switch- 
ing  circuit  has  a  large  potential  with  respect  to  the 

40  ground,  an  arc  discharge  may  occur  at  the  relay  con- 
tacts  and  so  forth,  at  the  time  of  tie  switching  and  a  so 
called  "hot  switching"  may  occur  and  may  damage  the 
devices  because  of  a  surge  current  due  to  an  arc  dis- 
charge. 

45  Therefore,  the  cable  landing  stations  A  and  D 
control  the  feed  current  and  the  feed  voltage  so  that 
the  feed  is  effected  in  such  a  way  that  the  feed  current 
is  set  to  a  and  the  potential  of  the  submarine  branch- 
ing  unit  BU1  with  respect  to  the  ground  is  set  at  zero 

so  (see  Fig.  13B).  Whereby,  in  the  submarine  branching 
unit  BU1,  the  branched  feed  line  is  connected  to  the 
submarine  earth  so  that  it  becomes  possible  to  effect 
a  one-end  feeding  from  the  cable  landing  station  B. 

Next,  a  feeding  is  effected  by  setting  the  feed  cur- 
55  rent  to  p  and  the  potential  of  the  submarine  branching 

unit  BU2  with  respect  to  the  ground  is  zero  (see  Fig. 
1  3C).  Whereby,  in  the  submarine  branching  unit  BU2, 
the  branched  feed  line  is  connected  to  the  submarine 
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earth  so  that  it  becomes  possible  to  effect  a  one-end 
feeding  from  the  cable  landing  station  C. 

In  this  system,  if  the  switching  in  the  submarine 
branching  unit  BU2  is  effected  at  first,  since  the  cur- 
rent  threshold  p  of  the  feed  line  switching  circuit  is 
larger  than  the  current  threshold  a  of  the  feed  line 
switching  circuit  in  the  submarine  branching  unit  BU1  , 
the  feed  line  switching  circuit  of  the  submarine 
branching  unit  BU1  will  operate  simultaneously.  Since 
the  potential  of  the  submarine  branching  unit  BU1  with 
respect  to  the  ground,  however,  is  not  set  at  zero,  the 
above-mentioned  "hot  switching"  may  occur  at  the 
time  of  the  operation.  Therefore,  the  sequence  of  the 
feed  line  switching  must  be  in  order  from  BU1  to  BU2. 

The  problem  in  the  above-described  embodiment 
of  the  present  invention  is  described  with  reference  to 
Figs.  14Aand  14B. 

In  the  above-described  system,  as  shown  in  Fig. 
14A,  assume  that  a  ground  fault  has  occurred  on  the 
cable  between  the  submarine  branching  unit  BU2  and 
the  cable  lancing  station  D.  In  this  case,  it  is  neces- 
sary  to  disconnect  the  fault  line  (the  branching  line  to 
the  cable  landing  station  D)  and  to  reconstruct  the 
feed  line  by  the  remaining  cables.  To  this  end,  the  sys- 
tem  is  once  reset  to  a  non-feed  state,  and  then  it  is  res- 
tarted  up  in  such  a  way  that  a  both-end  feed  is  effected 
between  the  cable  landing  stations  A  and  C,  a  one- 
end  feed  is  effected  at  the  cable  landing  station  B,  and 
the  cable  landing  station  D  is  disconnected  from  the 
system.  At  this  time  also,  since  the  current  thresholds 
are  in  the  relation  a<p,  and  the  potential  at  the  point 
of  the  ground  fault  at  the  side  of  the  submarine 
branching  unit  BU2  is  fixed  at  zero,  even  when  it  is 
desired  to  operate  the  feed  line  switching  circuits  in 
the  order  of  the  submarine  branching  units  from  BU1 
to  BU2,  it  is  impossible  to  control  the  feed  voltage  be- 
tween  the  cable  landing  stations  A  and  D  to  set  the 
potential  of  the  submarine  branching  unit  BU1  at  zero. 
Therefore,  the  submarine  branching  unit  BU1  is 
switched  while  having  a  positive  or  negative  potential 
with  respect  to  the  ground.  Also,  if  the  fault  line  is  dis- 
connected  first  at  the  side  of  the  submarine  branching 
unit  BU2  having  a  larger  current  threshold  p,  the  sub- 
marine  branching  unit  BU1  is  also  switched,  as  men- 
tioned  before,  because  the  current  threshold  of  the 
submarine  branching  unit  BU2  is  p. 

According  to  the  third  embodiment  of  the  present 
invention,  the  above-described  problem  is  resolved. 
The  third  embodiment  of  the  present  invention  has  an 
object  to  make  it  possible  to  perform  a  feed  line  switch 
while  preventing  the  hot  switching  during  the  recon- 
struction  of  the  feed  line  when  a  fault  occurs. 

Figure  15  shows  a  principal  explanatory  diagram 
of  the  third  embodiment  of  the  present  invention. 

In  Fig.  15,  to  solve  the  above-mentioned  prob- 
lems,  the  feeding  method  in  a  submarine  cable  com- 
munication  system  according  to  the  third  embodiment 
of  the  present  invention  is  a  method  in  a  submarine 

cable  communication  system  for  branching  a  sub- 
marine  cable  at  a  plurality  of  submarine  branching 
units  BU1,  BU2,  ...  and  for  connecting  a  plurality  of 
stations  A,  B,  C,  D  ....  Each  of  the  submarine  branch- 

5  ing  units  BU1,  BU2,  ...  comprises  a  feed  line  switching 
circuit  having  different  current  thresholds  depending 
on  the  current  directions.  Namely,  the  feed  line 
switching  circuit  in  the  submarine  branching  unit  BU1 
has  two  current  thresholds  a1  and  p2,  and  the  feed 

10  line  switching  circuit  in  the  submarine  branching  unit 
BU2  has  two  current  thresholds  pi  and  a2.  The  feed 
line  switching  circuits  in  the  respective  submarine 
branching  units  BU1,  BU2,  ...  are  constructed  so  as  to 
have  different  current  thresholds  for  the  same  feed 

15  current  direction  in  a  both-end  feed  line  to  be  set. 
Namely,  the  current  threshold  a1  in  the  branching  unit 
BU1  is  smaller  than  the  current  threshold  pi  in  the 
branching  unit  BU2,  and  the  current  threshold  a2  in 
the  branching  unit  BU2  is  smaller  than  the  current 

20  threshold  p2  in  the  branching  unit  BU1  . 
At  the  time  of  system  start  up  when  a  fault  occurs 

at  a  point  on  communication  cable  between,  for 
example,  the  branching  unit  BU2  and  the  cable  land- 
ing  station  D,  between  the  non-fault  line  side  station 

25  Cat  the  side  of  the  fault  side  submarine  branching  unit 
BU2  and  the  station  A  at  the  non-fault  side  submarine 
branching  unit  side  BU1,  the  current  a2  is  supplied 
from  the  cable  landing  station  C  in  the  feeding  current 
direction  for  operating  the  feed  line  switching  circuit  in 

30  the  fault-side  submarine  branching  unit  BU2  by  the 
smaller  current  threshold  smaller  than  the  current 
threshold  p2  of  the  non-fault  side  submarine  branch- 
ing  unit  BU1,  so  that  the  feed  line  is  switched  to  dis- 
connect  the  fault  line  in  the  branching  unit  BU2,  and 

35  then  a  larger  feeding  current  p2  is  supplied  from  the 
cable  landing  station  C  in  the  same  direction  so  that 
the  feed  line  switching  circuit  in  the  non-fault  side  sub- 
marine  branching  unit  BU1  is  switched  to  set  a  feed 
line  between  the  cable  landing  station  C  and  the  cable 

40  landing  station  A.  Note  that,  the  cable  landing  stations 
B  and  C  respectively  perform  one-end  feedings. 

As  another  aspect  of  the  feeding  method  in  a  sub- 
marine  cable  communication  system  according  to  the 
third  embodiment  of  the  present  invention,  the  feed 

45  line  switching  circuits  in  the  submarine  branching 
units  are  sequentially  operated  in  the  order  from  the 
submarine  branching  unit  side  having  a  smaller  cur- 
rent  threshold  to  switch  the  feed  line.  A  plurality  of 
submarine  branching  units  BU1,  BU2,  ...are  arranged 

so  in  series  along  the  feed  line.  Feeding  is  effected  from 
both  sides  of  the  submarine  branching  units.  The 
operating  sequences  of  the  feed  line  switching  circuits 
in  the  plurality  of  the  submarine  branching  units  are 
opposite  depending  on  the  direction  of  the  feeding 

55  current. 
It  should  be  noted  that,  according  to  the  third 

embodiment  of  the  present  invention,  all  of  the 
branching  units  are  not  necessary  for  the  above-men- 

8 



15 EP  0  495  509  A2 16 

tioned  switching  circuits,  each  having  two  current 
thresholds  different  depending  on  the  current  direc- 
tion.  It  is  sufficient  that  at  least  two  of  the  branching 
units  have  switching  circuits  having  current 
thresholds  which  are  different  depending  on  the  cur- 
rent  direction.  The  other  branching  units  may  not  have 
such  a  switching  circuit  having  current  thresholds  dif- 
ferent  depending  on  the  current  direction. 

The  feed  line  switching  circuit  according  to  the 
third  embodiment  of  the  present  invention  comprises 
a  first  current  branching  circuit,  connected  parallel 
with  a  driving  circuit  for  conducting  an  operating  cur- 
rent  having  the  current  threshold  to  drive  the  feed  line 
switching  circuit,  for  conducting  a  first  current  in  one 
direction  only;  and  a  second  current  branching  circuit, 
connected  parallel  with  the  driving  circuit,  for  conduct- 
ing,  in  the  direction  opposite  the  direction  of  the  cur- 
rent  through  said  first  current  branching  circuit,  a 
second  current  different  from  said  first  current. 

The  feeding  method  according  to  the  third  embo- 
diment  of  the  present  invention  uses  the  above-men- 
tioned  feed  line  switching  circuit. 

The  principle  of  the  operation  in  the  third  embo- 
diment  of  the  present  invention  is  explained  by  using 
the  submarine  cable  communication  system  shown  in 
Fig.  15  as  an  example.  In  the  figure,  A,  B,  C,  and  D 
are  stations  such  as  cable  landing  stations,  and  BU1 
and  BU2  are  submarine  branching  units.  The  operat- 
ing  currents  of  the  submarine  branching  units  BU1 
and  BU2  are  as  follows.  Namely,  when  the  feed  cur- 
rent  flows  in  the  direction  from  the  submarine  branch- 
ing  unit  BU1  to  the  submarine  branching  unit  BU2  (in 
the  direction  marked-^  in  the  figure),  the  current 
threshold  of  the  operating  current  of  the  submarine 
branching  unit  BU1  is  a1  and  the  current  threshold  of 
the  operating  current  of  the  submarine  branching  unit 
BU2  is  pi;  and  when  the  feed  current  flows  in  the 
direction  from  the  submarine  branching  unit  BU2  to 
the  submarine  branching  unit  BU1  (in  the  direction 
marked-*-  in  the  figure),  the  current  threshold  of  the 
operating  current  of  the  submarine  branching  unit 
BU1  is  p2  and  the  current  threshold  of  the  operating 
current  of  the  submarine  branching  unit  BU2  is  a2. 
The  operating  currents  are  in  the  relation  a1<pi  and 
a2<p2. 

The  normal  start-up  operation  of  the  system 
shown  in  Fig.  15  is  the  same  as  in  the  conventional 
system.  Assume  that  a  ground  fault  has  been  gener- 
ated  in  the  cable  between  the  submarine  branching 
unit  BU2  and  the  cable  landing  station  D.  Then,  a 
both-end  feed  line  is  to  be  set  between  the  stations  A 
and  C,  and  the  fault  line  to  the  station  D  is  to  be  dis- 
connected.  When  a  feed  current  is  conducted  in  the 
direction  from  the  station  A  to  the  station  C,  however, 
the  problem  as  described  before  occurs. 

Therefore,  the  current  direction  is  controlled  by 
the  stations  A  and  C  so  that  the  direction  of  the  feed 
current  between  the  stations  A  and  C  is  in  the  direction 

from  the  station  C  to  the  station  A  (in  the  direction 
ofc-  ).  By  this,  the  operating  current  of  the  submarine 
branching  unit  BU2  becomes  a2,  and  the  operating 
current  of  the  submarine  branching  unit  BU1  becomes 

5  p2.  Here,  since  there  is  the  relation  a2<p  2,  the 
switching  is  effected  in  the  sequence  of  the  branching 
units  BU2and  BU1. 

Namely,  at  first,  the  feed  current  a2  is  conducted 
from  the  cable  landing  station  C  so  that  the  the  fault 

10  line  connected  to  the  station  D  is  grounded  in  the  sub- 
marine  branching  unit  BU2.  Further,  the  connection 
between  the  fault  line  and  the  submarine  branching 
unit  BU2  is  disconnected  in  the  submarine  branching 
unit  B  U2.  By  this  disconnection,  the  potential  of  the 

15  submarine  branching  unit  BU2  is  not  influenced  by  the 
zero  potential  at  the  fault  point.  Therefore,  when  the 
feed  line  connected  to  the  station  B  is  switched  in  the 
next  submarine  branching  unit  BU1  to  connect  to  the 
submarine  earth,  it  is  possible  to  control  both  end  sta- 

20  tions  A  and  C  so  as  to  set  the  operating  current  at  p2 
and  the  potential  of  the  submarine  branching  unit  BU1 
with  respect  to  the  ground  at  zero,  and  thus  hot 
switching  can  be  prevented. 

In  the  feed  line  switching  circuit  used  in  the  abo- 
25  ve-described  feeding  method  according  to  the  third 

embodiment  of  the  present  invention,  when  a  current 
flowing  through  the  first  branching  unit  BU1  is  made 
larger  than  the  current  flowing  through  a  second  cur- 
rent  branching  circuit,  the  operating  current  branched 

30  to  a  driving  circuit  of  the  feed  line  switching  circuit 
when  a  supplying  current  is  conducted  in  the  conduct- 
ing  direction  of  the  first  current  branching  unit  is  a,  and 
the  operating  current  branched  to  the  driving  circuit 
when  a  supplying  current  is  conducted  in  the  conduct- 

35  ing  direction  of  the  second  current  branching  unit  is  p, 
where  a<p.  Accordingly,  in  this  feed  line  switching  cir- 
cuit,  by  changing  the  conducting  direction  of  the 
operating  current,  the  amount  of  operating  current 
can  also  be  changed. 

40  Figure  16  is  a  block  diagram  showing  in  detail  the 
submarine  cable  communication  system  using  the 
feeding  method  according  to  the  third  embodiment  of 
the  present  invention  as  generally  explained  with 
reference  to  Fig.  15.  In  the  figure,  A,  B,  C,  and  D  are 

45  cable  landing  stations,  and  BU1  and  BU2  are  sub- 
marine  branching  units.  K1  to  K4  in  the  submarine 
branching  units  BU1  and  BU2  are  relays.  Arrows  pro- 
vided  to  the  respective  relays  K1  to  K4  represent  the 
directions  of  the  operating  currents  by  which  the  res- 

50  pective  relays  are  activated.  a1,  a2,  pi,  and  p2  are 
the  current  thresholds  of  the  operating  currents  by 
which  the  respective  relays  are  activated.  The  operat- 
ing  currents  are  in  the  relation  a1  <pi  and  a2<p2.  The 
contacts  of  the  respective  relays  K1  to  K4  are  rep- 

55  resented  by  (J)  to  @  corresponding  to  the  respective 
relays.  These  reference  symblols  are  also  used  in  the 
later  described  embodiments. 

In  this  embodiment  shown  in  Fig.  16,  by  the 
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operating  current  a1  in  the  direction  from  the  left  to  the 
right  in  the  figure,  the  relay  K1  or  K2  in  the  branching 
unit  BU1  is  actuated,  and  by  the  operating  current  pi 
in  the  same  direction,  the  relay  K1  or  K2  in  the  branch- 
ing  unit  BU2  is  actuated.  On  the  other  hand,  by  the 
operating  current  a2  in  the  direction  from  the  right  to 
the  left  in  the  figure,  the  relay  K3  or  K4  in  the  branch- 
ing  unit  BU2  is  actuated,  and  by  the  operating  current 
P2  in  the  same  direction,  the  relay  K1  or  K4  in  the 
branching  unit  BU1  is  actuated. 

During  the  normal  system  start  up,  it  is  assumed 
that,  for  example,  between  the  cable  landing  stations 
A  and  D  is  set  a  both-end  feed,  and  the  cable  landing 
stations  B  and  C  are  set  to  be  one-end  feeds.  To  this 
end,  at  first,  a  feed  current  a1  is  conducted  in  the 
direction  from  the  cable  landing  station  A  to  the  cable 
landing  station  D  to  actuate  the  relay  K1  connected  to 
the  cable  landing  station  A  through  the  contacts  k2 
and  k4  in  the  submarine  branching  unit  BU1  resulting 
in  the  contact  k1  to  be  actuated  so  that  the  branched 
feed  line  connected  to  the  cable  landing  station  B  is 
connected  to  the  submarine  earth,  and  after  this,  the 
operating  current  pi  is  conducted  to  operate  the  relay 
K1  in  the  submarine  branching  unit  BU2,  resulting  in 
the  contact  k1  to  be  actuated  so  that  the  branched 
feed  line  connected  to  the  cable  landing  station  C  is 
connected  to  the  submarine  earth.  Note  that,  in  the 
switching  in  each  of  the  submarine  branching  units 
BU1  and  BU2,  the  feed  voltage  is  adjusted  by  both- 
end  cable  landing  stations  so  that  the  potential  at  each 
of  the  submarine  branching  units  BU1  and  BU2  is  set 
at  zero  with  respect  to  the  ground.  This  is  the  same 
as  in  the  following  embodiments. 

After  the  above-described  normal  system  start 
up,  assume  that  a  ground  fault  has  occurred  in  the 
cable  between  the  submarine  branching  unit  BU2  and 
the  cable  landing  station  D.  In  this  case,  the  system 
as  a  whole  is  once  reset  to  a  non-feed  state,  and  then, 
the  feed  lines  are  switched  in  such  a  way  that  a  both- 
end  feed  is  effected  between  the  cable  landing  sta- 
tions  A  and  C,  and  a  one-end  feed  is  effected  by  the 
cable  landing  station  B. 

Between  the  cable  landing  stations  A  and  C,  the 
direction  of  the  feed  current  from  the  cable  landing 
stations  A  and  C  is  adjusted  to  conduct  the  feed  cur- 
rent  from  the  cable  landing  station  C  to  the  cable  land- 
ing  station  A  (in  the  direction  <r-  ).  First,  when  the  feed 
current  a2  is  conducted,  the  relay  K4  in  the  submarine 
branching  unit  BU2  is  actuated  to  open  and  close  the 
contacts  k4,  whereby  the  fault  branched  feed  line 
leading  to  the  cable  landing  station  D  is  connected  to 
the  submarine  earth,  and  is  disconnected  from  the 
feed  line  between  the  cable  landing  stations  A  and  C. 
After  this,  by  conducting  the  feed  current  p2  to  actuate 
the  relay  K3  in  the  submarine  branching  unit  BU1,  the 
contacts  k3  are  opened  and  closed  so  that  the  cable 
landing  station  B  is  connected  to  the  submarine  earth 
and  is  disconnected  from  the  feed  line  between  the 

cable  landing  stations  A  and  C. 
In  the  afore-mentioned  third  embodiment  shown 

in  Fig.  16,  there  is  a  disadvantage,  namely,  when  a 
ground  fault  occurs  between  the  submarine  branching 

5  units  BU1  and  BU2,  the  total  system  becomes  system 
down  because  the  one-end  feeding  stations  B  and  C 
are  always  grounded. 

Figure  17  shows  a  modification  of  the  above-des- 
cribed  third  embodiment  of  the  present  invention,  and 

10  Fig.  18  shows  possible  feed  lines  set  according  to  the 
embodiment  shown  in  Fig.  17.  The  embodiment 
shown  in  Fig.  17  solves  the  problem  in  the  embodi- 
ment  shown  in  Fig-  16.  In  Fig.  17,  the  operating  cur- 
rents  of  relays  K1  to  K6  are  a1  =  a2  =  a  =  200mA,  pi 

15  =  p2  =  p  =  400mA,  and  y  =600mA.  Each  relay  corres- 
ponds  to  a  normally  closed  contact  and  a  normally 
opened  contact. 

In  the  unit  BU1,  the  relay  K2  is  connected  be- 
tween  the  station  A  and  the  relay  K6,  and  the  relays 

20  K4,  K5,  and  K1  are  connected  in  series  between  the 
station  B  and  the  relay  K6.  The  relay  K3  is  connected 
between  the  stations  A  and  B.  On  the  feed  line  be- 
tween  the  station  A  and  the  relay  K2,  the  normally 
closed  contact  k1  is  connected.  On  the  feed  line  be- 

25  tween  the  station  B  and  the  relay  K4,  the  normally 
closed  contacts  k2,  k6,  and  k3  are  connected  in 
series.  The  normally  opened  contact  k4  is  connected 
parallel  with  the  normally  closed  contact  k2.  The  nor- 
mally  opened  contacts  k2,  k3,  and  k6  are  connected 

30  parallel  between  the  station  B  and  the  relay  K3.  The 
normally  closed  contact  k4  is  connected  between  the 
contact  k2  and  the  relay  K3.  The  normally  opened 
contact  k1  is  connected  between  the  station  A  and  the 
relay  K3.  The  point  between  the  relay  K3  and  the  con- 

35  tact  k1  is  grounded.  The  normally  closed  contact  k5 
is  connected  between  the  relay  K6  and  the  branching 
unit  BU2.  The  normally  opened  contact  k5  is  connec- 
ted  between  the  feed  line  from  the  unit  BU1  and  the 
ground. 

40  In  the  branching  units  BU2,  the  relay  K2  is  con- 
nected  between  the  unit  BU1  the  relay  K6  in  the  unit 
BU2,  and  the  relays  K4,  K5,  and  K1  are  connected  in 
series  between  the  station  C  and  the  relay  K6.  The 
relay  K3  is  connected  between  the  station  C  and  the 

45  unit  BU1.  On  the  feed  line  between  the  unit  BU1  and 
the  relay  K2,  the  normally  closed  contact  k1  is  con- 
nected.  On  the  feed  line  between  the  station  C  and  the 
relay  K4,  the  normally  closed  contacts  k2,  k6,  and  k3 
are  connected  in  series.  The  normally  opened  contact 

so  k4  is  connected  parallel  with  the  normally  closed  con- 
tact  k2.  The  normally  opened  contacts  k2,  k3,  and  k6 
are  connected  parallel  between  the  station  C  and  the 
relay  K3.  The  normally  closed  contact  k4  is  connected 
between  the  contact  k2  and  the  relay  K3.  The  nor- 

55  mally  opened  contact  k1  is  connected  between  the 
unit  BU1  and  the  relay  K3.  The  point  between  the 
relay  K3  and  the  contact  k1  is  grounded.  The  normally 
closed  contact  k5  is  connected  between  the  relay  K6 
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and  the  station  D.  The  normally  opened  contact  k5  is 
connected  between  the  feed  line  from  the  station  D 
and  the  ground. 

First,  during  a  normal  state,  a  both-end  feed  is 
effected  between  the  cable  landing  stations  A  and  D, 
and  one-end  feeds  are  effected  from  the  cable  landing 
stations  B  and  C,  respectively.  To  this  end,  at  the  time 
of  the  system  start  up,  the  feed  current  a  of  200mA  is 
conducted  from  the  cable  landing  station  A  to  the 
cable  landing  station  D  to  actuate  a  relay  K6  in  the 
submarine  branching  unit  BU2  so  that  a  normally 
closed  contact  k6  is  opened,  resulting  in  that  the  cable 
landing  station  C  is  disconnected  from  the  feed  line, 
and  a  normally  opened  contact  k6  is  closed,  resulting 
in  that  the  cable  landing  station  C  is  connected  to  the 
submarine  earth.  Then,  by  conducting  the  feed  cur- 
rent  p  of  400mA,  the  relay  K6  in  the  submarine 
branching  unit  BU1  is  actuated  so  that  the  cable  land- 
ing  station  B  is  disconnected  from  the  feed  line  and  is 
connected  to  the  submarine  earth. 

Assume  that  a  ground  fault  occurs  in  the  cable  be- 
tween,  for  example,  the  submarine  branching  unit 
BU2  and  the  cable  landing  station  D.  Then,  a  both-end 
feed  is  effected  between  the  cable  landing  stations  A 
and  C,  and  a  one-end  feed  is  effected  by  the  cable 
landing  station  B.  To  this  end,  the  feed  current  a  of 
200mA  is  conducted  from  the  cable  landing  station  C 
to  the  cable  landing  station  A  to  actuate  the  relays  K4 
and  K5  in  the  submarine  branching  unit  BU2,  resulting 
in  that  the  cable  landing  station  D  is  disconnected 
from  the  feed  line  and  is  connected  to  the  submarine 
earth.  Then,  by  conducting  the  feed  current  p  of 
400mA,  the  relay  K2  in  the  submarine  branching  unit 
BU1  is  actuated  so  that  the  cable  landing  station  B  is 
disconnected  from  the  feed  line  and  is  connected  to 
the  submarine  earth. 

When  a  fault  occurs  on  a  point  between  the 
branching  units  BU1  and  BU2,  both-end  feedings  are 
effected  between  the  cable  landing  stations  A  and  B, 
and  between  the  cable  landing  stations  C  and  D, 
through  the  normally  closed  contacts  k6  on  the  feed 
lines,  as  shown  in  Fig.  18. 

The  other  possibility  of  the  feed  lines  can  also  be 
understood  with  reference  to  Fig.  18. 

Figure  19  shows  still  another  embodiment  of  the 
present  invention.  Figure  20  shows  feed  lines  poss- 
ible  to  be  set  according  to  the  embodiment  shown  in 
Fig.  19.  The  operating  currents  of  the  respective 
relays  are  a=200mA  and  p=400mA 

First,  during  a  normal  state,  a  both-end  feed  is 
effected  between  the  cable  landing  stations  A  and  D, 
and  one-end  feeds  are  effected  at  the  cable  landing 
stations  B  and  C,  respectively.  To  this  end,  at  the  time 
of  the  system  start  up,  the  feed  current  of  200mA  is 
conducted  in  the  direction  from  the  cable  landing  sta- 
tion  A  to  the  cable  landing  station  D  to  actuate  the 
relays  K2  and  K5  in  the  submarine  branching  unit  BU2 
so  that  a  normally  opened  contact  k2  is  closed,  a  nor- 

mally  opened  contact  k4  is  closed,  and  a  normally 
closed  contact  k4  is  opened,  resulting  in  that  the  cable 
landing  station  C  is  disconnected  from  the  feed  line 
and  is  connected  to  the  submarine  earth.  Then,  by 

5  conducting  the  feed  current  of  400mA,  the  relay  K6  in 
the  submarine  branching  unit  BU1  is  actuated  so  that 
the  cable  landing  station  B  is  disconnected  from  the 
feed  line  and  is  connected  to  the  submarine  earth. 
Note  that  a  similar  operation  is  effected  when  a  feed 

10  current  is  conducted  from  the  cable  landing  station  D 
to  the  cable  landing  station  A. 

Assume  that  a  ground  fault  occurs  in  the  cable  be- 
tween,  for  example,  the  submarine  branching  unit 
BU2  and  the  cable  landing  station  D.  Then,  a  both-end 

15  feed  is  effected  between  the  cable  landing  stations  A 
and  C,  and  a  one-end  feed  is  effected  by  the  cable 
landing  station  B.  To  this  end,  the  feed  current  of 
200mA  is  conducted  in  the  direction  from  the  cable 
landing  station  A  to  the  cable  landing  station  C  to 

20  actuate  the  relays  K1  and  K5  in  the  submarine 
branching  unit  BU2,  resulting  in  that  the  cable  landing 
station  D  is  disconnected  from  the  feed  line  and  is 
connected  to  the  submarine  earth.  Then,  by  conduct- 
ing  the  feed  current  of  400mA,  the  relay  K6  in  the  sub- 

25  marine  branching  unit  BU1  is  actuated  so  that  the 
cable  landing  station  B  is  disconnected  from  the  feed 
line  and  is  connected  to  the  submarine  earth. 

In  the  embodiment  shown  in  Fi.  19  also,  when  a 
fault  occurs  on  a  point  between  the  branching  units 

30  BU1  and  BU2,  both-end  feedings  are  effected  be- 
tween  the  cable  landing  stations  A  and  B,  and  be- 
tween  the  cable  landing  stations  C  and  D,  as  shown 
in  Fig.  20. 

The  other  feed  lines  can  also  be  understood  with 
35  reference  to  Fig.  20. 

Figure  21  shows  still  another  embodiment  of  the 
present  invention.  Figure  22  shows  feed  lines  poss- 
ibly  set  according  to  the  embodiment  shown  in  Fig.  21. 
The  operating  currents  of  the  respective  relays  are 

40  a=200mAand  p=400mA.  K1  and  K2  are  relays  having 
operating  currents,  the  amounts  of  which  change 
depending  on  the  direction  of  the  operating  currents. 
By  using  such  relays  K1  and  K2  in  the  feed  line  switch- 
ing  circuit,  the  switching  mode  of  the  feed  line  switch- 

es  ing  circuit  can  be  changed  depending  on  the  direction 
and  the  amount  of  the  feed  current.  An  example  of  the 
construction  of  relays  K1  and  K2  is  described  in  more 
detail  later. 

First,  during  a  normal  state,  a  both-end  feed  is 
so  effected  between  the  cable  landing  stations  A  and  D, 

and  one-end  feeds  are  effected  at  the  cable  landing 
stations  B  and  C,  respectively.  To  his  end,  at  the  time 
of  the  system  start  up,  the  feed  current  of  200mA  is 
conducted  in  the  direction  from  the  cable  landing  sta- 

55  tion  D  to  the  cable  landing  station  A  to  actuate  the 
relays  K1  and  K2  in  the  submarine  branching  unit 
BU1,  resulting  in  that  the  cable  landing  station  B  is  dis- 
connected  from  the  feed  line  and  is  connected  to  the 
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submarine  earth.  Then,  by  conducting  the  feed  cur- 
rent  of  400mA,  the  relay  K1  in  the  submarine  branch- 
ing  unit  BU2  is  actuated  so  that  the  cable  landing 
station  C  is  disconnected  from  the  feed  line  and  is 
connected  to  the  submarine  earth. 

Assume  that  a  ground  fault  occurs  in  the  cable  be- 
tween,  for  example,  the  submarine  branching  unit 
BU2  and  the  cable  landing  station  D.  Then,  a  both-end 
feed  is  effected  between  the  cable  landing  stations  A 
and  C,  and  a  one-end  feed  is  effected  by  the  cable 
landing  station  B.  To  this  end,  the  feed  current  of 
200mA  is  conducted  in  the  direction  from  the  cable 
landing  station  A  to  the  cable  landing  station  C  to 
actuate  the  relay  K2  in  the  submarine  branching  unit 
BU2,  resulting  in  that  the  cable  landing  station  D  is  dis- 
connected  from  the  feed  line  and  is  connected  to  the 
submarine  earth.  Then,  by  conducting  the  feed  cur- 
rent  of  400mA,  the  relays  K1  and  K2  in  the  submarine 
branching  unit  BU1  are  actuated  so  that  the  cable 
landing  station  B  is  disconnected  from  the  feed  line 
and  is  connected  to  the  submarine  earth. 

In  the  embodiment  shown  in  Fi.  21  also,  when  a 
fault  occurs  on  a  point  between  the  branching  units 
BU1  and  BU2,  both-end  feedings  are  effected  be- 
tween  the  cable  landing  stations  A  and  B,  and  be- 
tween  the  cable  landing  stations  C  and  D,  as  shown 
in  Fig.  22. 

The  other  feed  lines  can  also  be  understood  with 
reference  to  Fig.  22. 

Figure  23  shows  still  another  embodiment  of  the 
present  invention.  Figure  24  shows  feed  lines  poss- 
ible  to  be  set  according  to  the  embodiment  shown  in 
Fig.  23.  The  operating  currents  of  the  respective 
relays  are  a=200mA  and  p=400mA  at  the  submarine 
branching  unit  BU1  side,  and  are  a=200mA  and 
P=400mA  at  the  submarine  branching  unit  BU2  side. 
K1  and  K2  in  the  submarine  branching  unit  BU2  are 
relays  having  operating  currents  the  amounts  of  which 
are  changed  by  changing  the  direction  of  the  operat- 
ing  currents. 

First,  during  a  normal  state,  a  both-end  feed  is 
effected  between  the  cable  landing  stations  A  and  D, 
and  one-end  feeds  are  effected  at  the  cable  landing 
stations  B  and  C,  respectively.  To  his  end,  at  the  time 
of  the  system  start  up,  the  feed  current  of  400mA  is 
conducted  in  the  direction  from  the  cable  landing  sta- 
tion  D  to  the  cable  landing  station  A  to  actuate  the 
relay  K2  in  the  submarine  branching  unit  BU1,  result- 
ing  in  that  the  cable  landing  station  B  is  disconnected 
from  the  feed  line  and  is  connected  to  the  submarine 
earth.  Then,  by  conducting  the  feed  current  of  600mA, 
the  relay  K2  in  the  submarine  branching  unit  BU2  is 
actuated  so  that  the  cable  landing  station  C  is  discon- 
nected  from  the  feed  line  and  is  connected  to  the  sub- 
marine  earth. 

Assume  that  a  ground  fault  occurs  in  the  cable  be- 
tween,  for  example,  the  submarine  branching  unit 
BU2  and  the  cable  landing  station  D.  Then,  a  both-end 

feed  is  effected  between  the  cable  landing  stations  A 
and  C,  and  a  one-end  feed  is  effected  by  the  cable 
landing  station  B.  To  this  end,  the  feed  current  of 
200mA  is  conducted  in  the  direction  from  the  cable 

5  landing  station  A  to  the  cable  landing  station  C  to 
actuate  the  relay  K1  in  the  submarine  branching  unit 
BU2,  resulting  in  that  the  cable  landing  station  D  is 
disconnected  from  the  feed  line  and  is  connected  to 
the  submarine  earth.  Then,  by  conducting  the  feed 

10  current  of  400mA,  the  relay  K6  in  the  submarine 
branching  unit  BU1  is  actuated  so  that  the  cable  land- 
ing  station  B  is  disconnected  from  the  feed  line  and  is 
connected  to  the  submarine  earth. 

When  a  fault  occurs  on  a  point  between  the  sta- 
rs  tions  A  and  D,  a  both-ends  feeding  is  effected  be- 

tween  the  stations  A  and  B  as  shown  in  Fig.  24. 
The  feed  lines  can  also  be  understood  with  refer- 

ence  to  Fig.  24. 
Next,  the  construction  of  the  relay  in  which  the 

20  amount  of  the  operating  current  is  changed  by  chang- 
ing  the  direction  of  the  feed  current,  such  as  the  relays 
K1  and  K2  used  in  the  embodiments  shown  in  Figs. 
21  and  23. 

Figure  25  shows  an  example  of  the  construction 
25  of  the  relay  having  different  current  thresholds 

depending  on  the  current  direction.  In  the  figure,  L  is 
a  relay  coil  which  is  a  driving  circuit  in  the  feed  line 
switching  circuit.  To  the  relay  coil  L,  a  series  circuit 
consisting  of  a  diode  D1  and  an  adjusting  resistor  R1, 

30  and  a  series  circuit  consisting  of  a  diode  D2  and  an 
adjusting  resistor  R2  are  connected  parallel  respect- 
ively.  The  diode  D1  and  the  diode  D2  are  for  limiting 
the  current  directions.  The  polarities  in  the  connec- 
tions  are  opposite  each  other.  Also,  the  adjusting 

35  resistors  R1  and  R2  have  different  resistance  values. 
By  constructing  as  above,  when  a  feed  current  is 

supplied  in  the  direction  from  the  right  to  the  left  in  the 
figure  (  expressed  by  <r-  in  the  following),  a  part  of  the 
feed  current  is  branched  to  the  adjusting  resistor  R1; 

40  and  when  a  feed  current  is  supplied  in  the  direction 
from  the  left  to  the  right  in  the  figure  (expressed  by 
in  the  following),  its  part  is  branched  to  the  adjusting 
resistor  R2.  Since  the  resistance  values  of  the  adjust- 
ing  resistors  R1  and  R2  are  different,  the  branched 

45  current  values  are  different.  In  conclusion,  to  conduct, 
through  the  relay  coil  L,  an  operating  current  greater 
than  a  predetermined  value  in  order  to  drive  the  relay, 
the  amount  of  the  feed  current  when  it  is  conducted 
in  the<-  direction  and  the  amount  of  the  feed  current 

so  when  it  is  conducted  in  the  direction  are  different. 
For  example,  assume  that  the  adjusting  resistance  R1 
is  larger  than  the  adjusting  resistance  R2.  Then,  when 
the  feed  current  in  the  <r-  direction  is  a,  the  relay  does 
not  operate  until  a  feed  current  p  larger  than  a  is  con- 

55  ducted  in  the  direction. 
Figure  26  shows  another  example  of  a  construc- 

tion  of  a  device  having  different  operating  currents 
depending  on  the  direction  of  the  operating  current. 

12 
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The  difference  between  this  circuit  and  the  circuit 
shown  in  Fig.  25  is  that  a  series  circuit  consisting  of 
Zener  diodes  ZD1  and  ZD2  connected  in  series  in 
opposite  polarities  is  connected  parallel  with  the  relay 
coil  L.  The  Zener  diodes  ZD1  and  ZD2  form  a  protec- 
tion  circuit  for  protecting  the  relay  coil  from  being 
applied  with  excessive  voltage. 

In  this  circuit,  when  a  feed  current  is  conducted  in 
the  direction  ,  if  the  feed  current  is  gradually 
increased  from  zero,  the  feed  current  is  branched  to 
the  relay  coil  L  side  and  to  the  adjusting  resistor  R2 
side.  Then,  the  relay  will  be  actuated  by  the  current 
value  set  by  the  adjusting  resistor  R2.  When  the  feed 
current  is  further  increased,  a  current  starts  to  flow 
through  the  Zener  diode  ZD2,  and  the  voltage  across 
the  relay  coil  is  fixed  to  a  constant  value  by  the  Zener 
voltage.  Therefore,  the  operating  current  flowing 
through  the  relay  coil  L  is  limited  so  that  the  coil  L  can 
be  protected.  When  a  feed  current  is  conducted  in  the 
<r-  direction,  the  Zener  diode  ZD1  can  protect  the  coil 
by  means  of  the  Zener  diode  ZD1  . 

Figure  27  shows  a  still  another  example  of  a  con- 
struction  of  a  device  having  different  operating  cur- 
rents  depending  on  the  direction  of  the  operating 
current.  The  difference  between  this  circuit  and  the 
above-described  circuit  shown  in  Fig.  25  is  that  a  pro- 
tecting  Zener  diode  ZD1  is  connected  parallel  with  the 
adjusting  resistor  R1,  and  a  protecting  Zener  diode 
ZD2  having  a  polarity  opposite  the  polarity  of  the 
Zener  diode  ZD1  is  connected  parallel  with  the  adjust- 
ing  resistor  R1. 

The  operation  of  this  circuit  is  almost  the  same  as 
that  of  Fig.  26.  Namely,  when  a  feed  current  is  con- 
ducted  in  the  direction  ,  if  the  feed  current  is  gradu- 
ally  increased  from  zero,  the  feed  current  is  branched 
to  the  relay  coil  L  side  and  to  the  adjusting  resistor  R2 
side.  Then,  the  relay  will  be  actuated  by  the  current 
value  set  by  the  adjusting  resistor  R2.  When  the  feed 
current  is  further  increased,  a  current  start  to  flow 
through  the  Zener  diode  ZD2,  and  the  voltage  across 
the  relay  coil  is  fixed  to  a  constant  value  by  the  Zener 
voltage.  Therefore,  the  operating  current  flowing 
through  the  relay  coil  L  is  limited  so  that  the  coil  L  can 
be  protected.  When  a  feed  current  is  conducted  in 
the<-  direction,  the  Zener  diode  ZD1  can  protect  the 
coil  by  means  of  the  Zener  diode  ZD1  . 

As  a  device  in  which  the  operating  current  is 
changed  depending  on  the  direction  of  the  current, 
other  than  the  above-described  circuits  shown  in  Fig. 
25  to  Fig.  27,  the  circuit  used  in  the  embodiment  in  Fig. 
16,  i.e.,  the  circuit  shown  in  Figs.  28A  and  28B  may 
of  course  be  used,  however,  by  constructing  as  des- 
cribed  above  with  reference  to  Figs.  25  to  27,  the  relay 
may  be  single  and  the  construction  of  the  contacts 
may  be  simplified. 

As  described  above,  according  to  the  first  and  the 
second  embodiments  of  the  present  invention,  a 
plurality  of  branching  units  are  provided  on  branching 

points  on  a  feed  line,  each  branching  unit  having  at 
least  one  switching  circuit  which  is  switched  depend- 
ing  on  the  current  flowing  through  the  feed  line,  the 
switching  circuits  having  current  thresholds  different 

5  from  each  other. 
Therefore,  according  to  the  above-described 

embodiments  of  the  present  invention,  the  switching 
of  the  plurality  of  branching  units  can  be  performed  by 
a  current  control  or  a  voltage  control  at  each  terminal 

10  station,  whereby  it  is  possible  to  accommodate  a  com- 
munication  system  capable  of  communicating  among 
a  large  number  and  a  wide  range  of  stations,  is  highly 
efficient  in  use,  very  convenient,  and  has  a  develop- 
ing  and  complex  communication  network. 

15  Further  according  to  the  feeding  method  of  the 
present  invention,  in  the  reconstruction  of  a  feeding 
system  when  a  fault  occurs  and  so  forth,  it  is  possible 
to  switch  a  feed  line  in  each  submarine  branching  unit 
while  preventing  a  so-called  hot  switching,  resulting  in 

20  an  improvement  in  the  reliability  of  the  submarine 
cable  communication  system. 

In  addition,  according  to  the  feed  line  switching 
circuit  of  the  present  invention,  the  circuit  can  be 
miniaturized  and  simplified. 

25  Reference  signs  in  the  claims  are  intended  for 
better  understanding  and  shall  not  limit  the  scope. 

Claims 
30 

1.  A  feeding  system  for  supplying  a  current  to  repea- 
ters  (3)  on  communication  cable  (4),  said  com- 
munication  cable  including  a  feed  line  for 
conducting  a  feed  current  to  said  repeaters,  com- 

35  prising: 
a  plurality  of  branching  units  (1j,  j=1  ,  2,  ...) 

provided  at  a  plurality  of  branching  points  on  said 
communication  cable  (4); 

a  plurality  of  terminal  stations  (2„  i=1,  2,  ...) 
40  each  being  connected  through  at  least  one  of  said 

repeaters  to  one  of  said  branching  units  (1j),  each 
of  said  terminal  stations  feeding  a  current  through 
said  feed  line  to  said  at  least  one  of  said  repea- 
ters; 

45  each  of  said  plurality  of  branching  units 
(1j  ,  j=1  ,  2,  ...)  having  at  least  one  switching  circuit 
for  switching  to  connect  said  at  least  one  of  said 
repeaters  to  said  communication  cable  or  to  the 
ground,  depending  on  the  amount  of  current  con- 

so  ducting  through  said  feed  line  in  said  communi- 
cation  cable; 

the  current  thresholds  of  the  switching  cir- 
cuits  in  said  plurality  of  branching  units  being  dif- 
ferent  from  each  other. 

55 
2.  A  feeding  system  as  claimed  in  claim  1,  wherein 

each  of  said  branching  units  has  a  plurality  of  said 
switching  units,  the  current  thresholds  of  the 
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switching  circuits  in  said  plurality  of  branching 
units  being  different  from  each  other. 

3.  A  feeding  system  as  claimed  in  claim  1  or  2,  whe- 
rein  a  part  of  the  communication  cable  is  a  non- 
repeater  line  interval  in  which  no  repeater  is 
provided. 

4.  A  feeding  system  as  claimed  in  claim  1  ,  wherein 
each  of  said  switching  circuits  has  operating  cur- 
rents  depending  on  the  current  directions,  the 
switching  circuits  in  the  respective  branching 
units  being  so  constructed  as  to  have  different 
operating  currents  for  the  same  feed  current 
direction  in  a  both-end  feed  line  to  be  set, 
whereby  at  the  time  of  system  start  up  when  a 
fault  occurs,  between  a  non-fault  line  side  station 
at  the  side  of  a  fault  side  branching  unit  and  a  sta- 
tion  at  a  non-fault  side  branching  unit  side,  a  cur- 
rent  is  supplied  with  a  feeding  current  direction  for 
operating  the  switching  circuit  in  the  fault-side 
branching  unit  by  a  smaller  operating  current  so 
that  the  feed  line  is  switched  to  disconnect  the 
fault  line,  and  then  a  largerfeeding  current  is  sup- 
plied  in  the  same  direction  so  that  the  switching 
circuit  in  the  no-fault  side  submarine  branching 
unit  is  switched  to  set  a  feed  line. 

5.  A  feeding  system  as  claimed  in  claim  4,  wherein 
at  least  one  of  said  switching  circuit  comprises: 

a  first  current  branching  circuit,  connected 
parallel  with  a  driving  circuit  for  conducting  an 
operating  current  to  drive  the  switching  circuit,  for 
conducting  a  first  current  in  one  direction  only; 
and 

a  second  current  branching  circuit,  con- 
nected  parallel  with  said  driving  circuit,  for  con- 
ducting,  in  the  direction  opposite  the  direction  of 
the  current  through  said  first  current  branching 
circuit,  a  second  current  different  from  said  first 
current. 

6.  A  feeding  method  in  a  feeding  system  for  supply- 
ing  a  current  to  repeaters  (3)  on  communication 
cable  (4),  said  communication  cable  including  a 
feed  line  for  conducting  a  feed  current  to  said 
repeaters,  said  system  comprising  a  plurality  of 
branching  units  (1j,  j=1,  2,  ...)  provided  at  a 
plurality  of  branching  points  on  said  communi- 
cation  cable  (4);  a  plurality  of  terminal  stations  (2„ 
i=1,  2,  ...)  each  being  connected  through  at  least 
one  of  said  repeaters  to  one  of  said  branching 
units  (1j),  each  of  said  terminal  stations  feeding  a 
current  through  said  feed  line  to  said  at  least  one 
of  said  repeaters;  each  of  said  plurality  of  branch- 
ing  units  (1  j,  j=1  ,  2,  ...)  having  at  least  one  switch- 
ing  circuit  for  switching  to  connect  said  at  least 
one  of  said  repeaters  to  said  communication 

cable  or  to  the  ground,  depending  on  the  amount 
of  current  conducting  through  said  feed  line  in 
said  communication  cable;  the  current  thresholds 
of  the  switching  circuits  in  said  plurality  of  branch- 

5  ing  units  being  differentfrom  each  other,  wherein: 
when  a  switching  instruction  is  to  be  given 

to  said  plurality  of  branching  units,  currents  hav- 
ing  values  greater  than  the  current  thresholds  are 
sequentially  supplied  in  a  order  from  a  smaller 

10  current  threshold  (S1);  and 
when  an  instruction  to  return  the  switching 

is  to  be  given,  currents  having  values  greater  than 
the  current  thresholds  are  sequentially  supplied 
in  a  order  from  a  larger  current  threshold  (S2). 

15 
7.  A  feeding  method  as  claimed  in  claim  6,  wherein: 

when  a  switching  instruction  is  to  be  given 
to  one  of  said  branching  units,  the  voltage  of  the 
branching  unit  is  set  to  the  ground  potential  bef- 

20  ore  supplying  the  current  over  the  current 
threshold  of  said  switching  circuit  in  said  branch- 
ing  unit;  and 

when  an  instruction  to  recover  the  switch- 
ing  is  to  be  given  to  one  of  said  branching  units, 

25  the  voltage  of  the  branching  unit  is  set  to  the 
ground  potential  before  supplying  the  current 
over  the  current  threshold  of  said  switching  circuit 
in  said  branching  unit. 

30  8.  A  feeding  method  as  claimed  in  claim  6  or  7,  whe- 
rein  a  part  of  the  communication  cable  is  a  non- 
repeater  line  interval  in  which  no  repeater  is 
provided. 

35  9.  A  feeding  method  as  claimed  in  claim  6,  wherein 
each  of  said  switching  circuits  has  operating  cur- 
rents  depending  on  the  current  directions; 

the  feed  line  switching  circuits  in  the  res- 
pective  branching  units  being  constructed  so  as 

40  to  have  different  operating  currents  for  the  same 
feed  current  direction  in  a  both-end  feed  line  to  be 
set; 

at  the  time  of  system  start  up  when  a  fault 
occurs,  between  a  non-fault  line  side  station  at 

45  the  side  of  a  fault  side  branching  unit  and  a  station 
at  a  non-fault  side  branching  unit  side,  a  current 
is  supplied  with  a  feeding  current  direction  for 
operating  the  switching  circuit  in  the  fault-side 
branching  unit  by  a  smaller  operating  current  so 

so  that  the  feed  line  is  switched  to  disconnect  the 
fault  line,  and  then  a  largerfeeding  current  is  sup- 
plied  in  the  same  direction  so  that  the  switching 
circuit  in  the  no-fault  side  submarine  branching 
unit  is  switched  to  set  a  feed  line. 

55 
10.  A  feeding  method  as  claimed  in  claim  6,  wherein 

the  operating  sequences  of  the  switching  circuits 
in  the  plurality  of  the  branching  units  are  opposite 

14 
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depending  on  the  direction  of  the  feeding  current. 

1  1  .  A  feeding  method  as  claimed  in  claim  9  or  1  0  whe- 
rein,  on  a  part  of  said  branching  units  are  branch- 
ing  units  without  said  switching  circuit.  5 
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