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Inductive  coupler  for  transfer  of  electric  energy. 

use.  A  secondary  coil  (C2)  is  inductively  coupled 
with  said  magnetic  circuit  and  a  capacitor  (C)  coup- 
led  with  said  secondary  coil  to  produce  resonance. 
The  magnetic  circuit  (MG2)  of  the  other  part  closes 
the  air  gap  (AG)  of  the  first  part  magnetically  when 
the  first  part  and  the  other  part  of  the  coupler  are 
mechanically  connected  with  one  another. 

©  Inductive  coupler  for  transfer  of  electric  energy. 
The  coupler  comprises  the  first  part  for  receiving 
electric  energy,  said  part  comprising  a  magnetic 
circuit  (MC1)  with  a  standard  air  gap  (AG)  and  a 
primary  coil  (C1)  that  magnetizes  said  circuit,  and 
the  other  part  for  giving  off  electric  energy,  compris- 
ing  a  magnetic  circuit  (MC2)  saturable  by  nominal 
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INDUCTIVE  COUPLER  FOR  TRANSFER  OF  ELECTRIC  ENERGY 

The  invention  relates  to  an  inductive  coupler 
for  transfer  of  electric  energy. 

It  is  possible  to  use  f.ex.  for  the  electric  energy 
supply  of  electric  appliances  used  in  subsea  tech- 
nology  inductive  couplers  through  which  the  en- 
ergy  is  transferred  without  disconnectable  galvanic 
couplings.  This  is  one  way  to  achieve  constructions 
that  operate  reliably  under  those  exacting  con- 
ditions  effected  f.ex.  by  sea  water. 

Usual  inductive  couplers  are  constructed  so 
that  the  coupler  is  simply  a  transformer,  the  iron 
core  of  which  is  parted  when  the  primary  and 
secondary  part  of  the  coupler  are  disconnected 
(Figure  1).  This  kind  of  coupler  has  many  disadvan- 
tages.  It  has  a  high  short-circuit  reactance,  because 
the  primary  and  secondary  coils  are  at  a  distance 
from  one  another.  Owing  to  the  high  short-circuit 
reactance  the  secondary  voltage  of  the  coupler  is 
liable  to  be  dependent  on  the  load.  In  addition,  the 
secondary  voltage  of  the  coupler  is  almost  directly 
proportional  to  the  primary  voltage,  so  that  the 
secondary  voltage  is  liable  to  be  dependent  on  the 
primary  voltage.  This  is  one  reason  for  difficulties 
in  cases  where  the  primary  voltage  has  to  be 
supplied  by  a  long  sea  cable,  where  the  occuring 
voltage  variations  appear  as  such  in  the  primary 
voltage  of  the  coupler.  In  addition,  the  primary  and 
secondary  part  of  the  coupler  cannot  be  parted  if 
the  coupler  is  energised,  because  the  primary  cur- 
rent,  when  the  magnetic  circuit  formed  by  the  iron 
core  is  disconnected,  can  grow  so  strong  that  the 
primary  coil  will  be  destroyed. 

GB  patent  specification  No.  20201  16A  and  US 
patent  specification  No.  4558271  disclose  inductive 
couplers  in  which  ferroresonant  principle  is  used. 
However,  they  suffer  from  the  disadvantage  of  the 
mechanically  and  electrically  complicated  construc- 
tion,  one  result  being  that  the  coupler  must  be 
bigger  and  the  alignment  has  to  be  precise. 

With  help  of  the  device  according  to  the  inven- 
tion  the  aforementioned  disadvantages  can  be 
helped.  To  achieve  the  improvements,  the  device 
according  to  the  invention  is  characterized  in  what 
is  stated  in  characteristics  of  claim  1  . 

Important  advantages  of  the  invention  are  the 
good  stability  of  voltage  both  with  respect  to  the 
load  changes  and  to  variations  of  the  primary  vol- 
tages,  the  possibility  to  disconnect  the  coupler 
mechanically  even  if  it  is  energised,  good  effi- 
ciency  and  small  tolerance  requirements  when  con- 
necting  the  primary  part  and  the  secondary  part 
mechanically.  The  stability  of  voltage  is  of  special 
importance  in  cases  where  several  couplers  are  to 
be  connected  in  series  or  if  the  coupler  operates  at 
the  end  of  a  long  cable  where  the  cable  causes  a 

change  in  the  primary  voltage  of  the  coupler,  de- 
pendent  on  the  load  . 

In  the  following  the  invention  will  be  described 
in  more  detail  with  reference  to  the  accompanying 

5  drawing,  in  which 
Figure  1  illustrates  a  conventional  inductive  cou- 
pler, 
Figure  2  illustrates  essential  characteristics  of 
the  coupler  according  to  the  invention, 

w  Figure  3  illustrates  one  embodiment  of  the  cou- 
pler  according  to  the  invention  where  commer- 
cially  available  standardized  magnetic  compo- 
nents  have  been  used, 
Figure  4  illustrates  an  example  of  one  alternative 

75  embodiment  within  the  scope  of  the  claims, 
Figure  5  illustrates  another  example  of  one  alter- 
native  embodiment  within  the  scope  of  the 
claims. 
The  device  according  to  the  invention  is  based 

20  on  principle  of  the  ferroresonant  transformer, 
known  as  such.  A  ferroresonant  transformer  com- 
prises  typically  a  reactance  with  a  standard  air  gap 
and  a  capacitor  in  the  secondary  part  which  will  be 
excited  to  a  resonance  corresponding  to  the  power 

25  frequency.  A  good  stability  of  voltage  both  with 
respect  to  the  load  changes  and  to  variations  of  the 
primary  voltages  can  be  achieved  with  the  fer- 
roresonant  principle.  On  the  basis  of  the  aforemen- 
tioned,  especially  the  fact,  that  the  stability  of  volt- 

30  age  with  respect  to  the  load  is  good  by  the  fer- 
roresonant  principle,  although  the  primary  and  sec- 
ondary  coils  are  situated  in  different  parts  of  the 
coupler,  is  a  special  advantage.  In  addition  to  the 
stability  of  voltage,  also  a  good  power  efficiency 

35  can  be  achieved. 
In  the  device  according  to  the  invention  the  air 

gap  of  the  ferroresonant  transformer  (AG  in  figure 
2)  is  placed  in  the  primary  part  of  the  coupler  firstly 
in  a  way  that  the  primary  part  forms  a  pure  linear 

40  choke  when  it  operates  mechanically  disconnected 
from  the  secondary  part.  When  the  air  gap  is 
preferably  dimensioned  the  primary  current  can  be 
restricted  to  a  safe  value  even  if  the  primary  part 
operates  mechanically  disconnected  from  the  sec- 

45  ondary  part,  but  energised. 
Secondly,  the  air  gap  of  the  primary  part  is 

placed  in  the  primary  part  so  that  the  magnetic 
circuit  of  the  secondary  part  MC2  is  simply  mag- 
netically  coupled  between  the  poles  of  this  air  gap, 

so  whereby  a  magnetic  circuit  typical  of  the  fer- 
roresonant  transformer  is  built  up  (figure  2).  The 
secondary  magnetic  circuit  MC2  induces  secon- 
dary  voltage  to  the  secondary  coil  C2,  said  secon- 
dary  voltage  supplying  the  secondary  resonance 
capacitor  C  and  the  eventual  load.  The  secondary 
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circuit  and  a  capacitor  (C)  coupled  with  said 
secondary  coil  to  produce  resonance,  char- 
acterized  in  that  the  magnetic  circuit  (MC2)  of 
the  other  part  magnetically  closes  the  air  gap 
(AG)  of  the  first  part  when  the  first  part  and  the 
other  part  of  the  coupler  are  mechanically  con- 
nected  with  one  another. 

Coupler  as  claimed  in  claim  1,  characterized 
in  that  the  magnetic  circuit  (MC1)  of  its  first 
part  is  composed  of  a  ferrite  core  and  a  fer- 
romagnetic  spacing  piece  (M1)  used  for  adjust- 
ing  the  air  gap,  and  that  the  magnetic  circuit 
(MC2)  of  its  other  part  is  composed  of  a  ferrite 
core  and  ferromagnetic  pieces  (M2,  M3,  M4) 
magnetically  connected  in  series  with  said  fer- 
rite  core,  said  pieces  being  dimensioned  so  as 
to  achieve  a  desired  saturation  of  the  magnetic 
circuit  of  the  other  part. 

Coupler  as  claimed  in  claim  1,  characterized 
in  that  the  air  gap  (AG)  of  the  magnetic  circuit 
(MC1)  of  its  first  part  is  dimensioned  to  a  value 
that  limits  the  current  of  the  primary  coil  coup- 
led  with  the  power  source  that  supplies  the 
primary,  to  a  safe  value,  even  if  the  first  and 
the  other  part  of  the  coupler  are  mechanically 
disconnected  from  one  another. 

Coupler  as  claimed  in  claim  1,  characterized 
in  that  the  first  part  includes  only  one  coil. 

Coupler  as  claimed  in  claim  1,  characterized 
in  that  the  magnetic  circuit  (MC2)  of  the  other 
part  closes  magnetically  the  air  gap  (AG)  of 
the  first  part  so  that  the  inductance  required  by 
the  ferroresonant  effect  is  produced  when  the 
firt  part  and  the  other  part  of  the  coupler  are 
mechanically  connected  with  one  another. 

magnetic  circuit  is,  in  one  way  or  another,  provided 
with  a  part  or  parts,  by  the  magnetic  saturation  of 
which  the  secondary  voltage  increased  by  the  res- 
onance,  is  limited  to  the  desired  value. 

The  aforementioned  solutions  of  construction  5 
make  it  possible  to  use,  in  practical  applications, 
for  magnetic  circuits  of  both  the  primary  and  the 
secondary  part  existing  commercial  and  standard- 
ized  magnetic  components,  f.ex.  ferrites.  Figure  3 
illustrates  as  an  example  a  solution  with  PM-ferrite  w 
core  components  according  to  DIN  41989.  When 
using  said  components  the  air  gap  AG  of  the 
primary  part  can  be  realized  by  a  simple  (f.ex. 
diskshaped)  extra  part  M1  made  of  some  ferromag- 
netic  material.  The  required  saturation  in  the  mag-  is 
netic  circuit  of  the  secondary  part  can  also  be 
realized  by  a  simple  extra  part  M2  made  of  some 
ferromagnetic  material  (f.ex.  ferromagnetic  powder 
composite).  The  magnetic  material  of  this  kind  of  a 
saturating  extra  part  has  to  be  such  as  to  have  a  20 
sufficient  ̂ stable  saturation  density  with  respect  to 
the  temperature.  It  is  necessary  to  realize  the  satu- 
ration  with  this  kind  of  an  extra  part  especially  in 
cases  where  the  secondary  magnetic  circuit  in- 
cludes  ferrite.  25 

The  meaning  of  the  invention  is  detailed  above 
with  respect  to  applications  of  subsea  technology. 
The  intention,  however,  is  in  no  way  to  limit  the 
invention  only  to  the  subsea  technology,  l.a.  in 
scope  of  the  modern  mechatronics  it  is  easy  to  find  30 
targets  where  the  device  according  to  the  invention 
can  be  applied  to. 

Only  one  embodiment  and  disposition  of  the 
primary  and  secondary  coils  is  disclosed  above.  An 
expert  can  alter  disposition  and  number  of  coils  in  35 
many  ways  within  the  scope  of  the  claims.  As  an 
example  figure  4  illustrates  an  embodiment,  where 
the  secondary  coil  comprises  two  parts  C21  and 
C22  connected  in  series.  The  secondary  voltage  is 
taken  from  part  C21  and  the  resonance  capacitor  C  40 
is  connected  between  the  end  poles  of  the  coil. 
Another  example  is  the  solution  illustrated  in  figure 
5,  where  the  primary  coil  is  devided  into  two  parts 
C11  and  C12  connected  in  series  and  placed  in  the 
end  poles  of  the  primary  magnetic  circuit  of  the  45 
coupler. 

Claims 

1.  An  inductive  coupler  for  transfer  of  electric  50 
energy,  consisting  of  the  first  part  for  receiving 
electric  energy,  said  part  comprising  a  mag- 
netic  circuit  (MC1)  with  a  standard  air  gap  (AG) 
and  a  primary  coil  (C1)  that  magnetizes  said 
circuit,  and  the  other  part  for  giving  off  electric  55 
energy,  comprising  a  magnetic  circuit  (MC2) 
saturable  by  nominal  use,  a  secondary  coil 
(C2)  inductively  coupled  with  said  magnetic 

4. 
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