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©  Coil  device. 

©  A  coil  device  comprises  magnetic  cores  forming  a  closed  magnetic  path  therein  and  having  a  magnetic  gap 
in  such  path,  and  a  coil  wound  on  the  magnetic  cores  partially.  In  this  structure,  the  mutually  opposed  portions 
of  the  magnetic  cores  in  the  region  to  form  the  magnetic  gap  are  so  shaped  that  the  cross-sectionai  area  of  the 
fore  end  becomes  smaller  than  that  of  the  base  end,  thereby  preventing  concentration  of  any  leakage  magnetic 
flux  on  the  gap  portions  while  averting  abnormal  generation  of  heat  in  the  coil  to  consequently  eliminate  harmful 

influence  of  noise  on  peripheral  apparatus  or  components. 
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Coil  Device 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 
5 

The  present  invention  relates  to  improvements  in  a  coil  device  for  use  in  a  flyback  transformer,  a 
switching  power  transformer,  a  choke  coil  or  the  like.  And  more  particularly,  it  relates  to  improvements  in  a 
magnetic  core  with  a  magnetic  gap  and  also  in  a  coil  device  employing  such  a  magnetic  core. 

70 
2.  Description  of  the  Prior  Art 

In  any  of  the  conventional  transformers,  choke  coils  and  so  forth  known  heretofore,  it  is  customary  to 
form  a  magnetic  gap  in  a  closed  magnetic  path  so  that  the  magnetic  core  thereof  is  not  saturated  when  a 

75  desired  current  is  caused  to  flow.  For  example,  when  a  ferrite  magnetic  core  usually  having  a  magnetic 
permeability  u  of  5000  or  so  is  used  in  a  transformer,  a  magnetic  gap  (hereinafter  referred  simply  to  as 
gap)  is  formed  therein  to  reduce  the  effective  permeability  u  within  a  range  of  50  to  300. 

This  signifies  that  a  gap  having  a  great  magnetic  reluctance  needs  to  be  existent  in  a  ferrite  magnetic 
core  of  which  magnetic  reluctance  is  originally  small,  whereby  a  great  leakage  flux  is  generated  in  the 

20  periphery  of  the  gap. 
It  is  generally  known  that  such  leakage  flux  exerts  at  least  two  harmful  influences  as  follows. 

(1)  Noise  is  induced  in  peripheral  apparatus  (components)  which  are  prone  to  be  affected  by 
magnetic  induction. 

(2)  In  case  the  coil  is  so  wound  as  to  surround  the  gap,  there  occurs  abnormal  generation  of  heat  in 
25  the  coil  around  the  gap  due  to  the  leakage  flux. 

For  the  purpose  of  solving  the  above  problems,  a  variety  of  improvements  have  been  developed. 
In  an  attempt  to  settle  the  problem  (1),  there  is  contrived  an  exemplary  method  of  forming  a  gap  merely 

in  the  coil  alone.  However,  such  method  brings  about  another  fault  that  worsens  the  problem  (2)  on  the 
contrary. 

30  With  regard  to  the  problem  (2),  some  prior  examples  are  known  as  disclosed  in  Japanese  Patent  Laid- 
open  No.  55  (1980)-77115  and  Utility  Model  Laid-open  No.  57  (1  982)-1  30402,  wherein  a  gap  positioned  in  a 
coil  is  divided  magnetically  into  a  plurality  of  serial  portions  so  as  to  disperse  the  concentration  of  leakage 
flux.  In  the  prior  means  developed  for  solving  the  problems  (1)  and  (2),  there  are  known  examples  as 
disclosed  in  Japanese  Utility  Model  Publication  Nos.  53  (1978)-53850  and  60  (1985)-7448,  wherein  a  gap 

35  filler,  of  which  relative  permeability  is  greater  than  that  of  air  (greater  than  1),  is  used  to  reduce  the 
magnetic  reluctance  in  the  gap  portion  so  as  to  diminish  the  leakage  flux. 

When  such  gap  filler  of  a  material  having  a  greater  relative  permeability  than  that  of  air  (greater  than  1) 
is  disposed  inside  of  a  coil,  there  exists  a  possibility  that  the  problems  (1)  and  (2)  can  be  solved  to  some 
extent. 

40  However,  even  in  such  an  improved  structure,  another  problem  is  still  left  unsettled  that  the  leakage  flux 
.  is  concentrated  on  the  boundary  between  the  gap  and  the  magnetic  core,  and  in  addition  a  new  problem 

also  arises  with  regard  to  difficulty  in  obtaining  a  satisfactory  material  which  has  an  adequate  permeability 
as  a  gap  filler  and  still  retains  a  high  saturation  flux  density  and  low  core  loss  characteristic  equivalent  to 
that  of  the  magnetic  core.  Consequently,  some  disadvantages  are  unavoidable  including  that  the  coil  wound 

45  on  the  boundary  between  the  gap  and  the  magnetic  core  is  heated  to  an  abnormal  extent,  and  the  gap 
portion  is  also  heated  excessively  due  to  the  core  loss  of  the  gap  filler  material,  and  further  the  B-H  curve  of 
the  magnetic  core  with  the  gap  filler  inserted  therein  is  rendered  nonlinear  to  eventually  cause  wave  form 
distortion  when  the  coil  device  is  used  in  a  transformer.  Thus,  in  the  current  technical  stage,  completely 
effective  improvements  are  not  available. 

50 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  to  solve  the  above  problems  and  provide  an  improved 
coil  device  which  is  capable  of  minimizing  the  harmful  influence  of  noise  to  peripheral  apparatus 

2 
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(components)  and  diminishing  any  leakage  flux  generated  in  tne  peripnery  ot  a  gap  ro  rjun^uenuy  H.CvC,u 
abnormal  generation  of  heat  in  the  coil  around  the  gap. 

And  another  object  of  the  present  invention  resides  in  providing  an  improved  coil  device  which  realizes 
lower  production  cost  and  enhanced  reliability. 

5  For  the  purpose  of  achieving  the  objects  mentioned,  some  alterations  have  been  accomplished  in  a  coil 
device  comprising  magnetic  cores  which  form  a  closed  magnetic  path  therein  and  have  a  magnetic  gap  in 
such  path,  and  a  coil  wound  on  the  magnetic  cores  partially.  And  the  feature  of  the  present  invention 
resides  in  a  structure  where  the  mutually  opposed  portions  of  the  magnetic  cores  in  the  region  to  form  the 

magnetic  gap  are  so  shaped  that  the  cross-sectional  area  of  the  fore  end  becomes  smaller  than  the  cross- 
'0  sectional  area  of  the  base  end. 

Furthermore,  with  regard  to  the  magnetic  core  portions  in  the  region  to  form  the  magnetic  gap,  the  rate 
of  the  cross-sectional  area  of  the  fore  end  to  that  of  the  base  end  is  defined  to  be  within  a  range  of  1  to  90 

percent. 
In  addition,  the  magnetic  cores  consist  of  two  E-shaped  core  elements  of  which  legs  butt  to  each  other, 

is  and  a  magnetic  gap  is  formed  between  the  opposed  faces  of  center  legs,  and  the  coil  is  so  wound  as  to 
surround  the  magnetic  gap. 

Other  features  reside  in  that  the  fore  end  is  shaped  with  curves  defined  by  logarithmic  functions,  and  a 
planar  member  is  provided  on  the  fore  end,  or  projections  are  formed  on  the  face  of  the  fore  end. 

Due  to  the  constitution  mentioned,  there  occurs  no  concentration  of  any  leakage  flux  between  the  gap 
so  and  the  core  end  faces,  and  since  no  gap  filler  is  used,  any  core  loss  is  not  induced  to  consequently 

achieve  the  above  objects. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
25 

Fig.  1  schematically  shows  an  exemplary  embodiment  of  the  coil  device  according  to  the  present 
invention; 

Fig.  2  is  a  schematic  diagram  illustrating  the  shape  of  a  gap  portion  in  a  magnetic  core  used  in  a 
conventional  coil  device; 

30  Figs.  3  through  7  are  schematic  diagrams  illustrating  the  shapes  of  gap  portions  in  magnetic  cores 
used  in  the  coil  device  of  Fig.  1  ; 

Fig.  8  graphically  represents  a  B-H  curve  in  the  conventional  coil  device  using  a  magnetic  core  with 
the  gap  shown  in  Fig.  2; 

Figs.  9  through  13  graphically  represent  B-H  curves  in  coil  devices  using  magnetic  cores  with  the 

35  gaps  shown  in  Figs.  3  through  7; 
Fig.  14  illustrates  how  temperatures  are  detected  in  individual  portions  of  the  coil  device  according  to 

the  present  invention;  and 
Figs.  15  through  25  are  schematic  diagrams  illustrating  modifications  of  the  gap  in  the  magnetic 

cores  used  in  the  coil  device  of  the  present  invention. 
40  Figs.  26  through  28  are  perspective  views  illustrating  further  modified  shapes  of  the  magnetic  core 

used  in  the  coil  device  of  the  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

45  A  coil  device  1  shown  in  Fig.  1  comprises  two  sectionally  E-shaped  magnetic  cores  2,  3  of  which  fore 
ends  butt  to  each  other,  wherein  a  gap  5  is  formed  between  opposed  faces  of  center  legs  2a,  2a,  and  a  coil 
4  is  wound  thereon. 

Some  examples  of  such  sectionally  E-shaped  magnetic  cores  are  illustrated  in  Figs.  26  through  28.  In 

the  example  of  Fig.  26,  a  rectangular  core  is  shaped  into  E,  and  its  center  leg  is  shaped  to  be  columnar. 

so  The  next  example  of  Fig.  27  is  called  a  pot  type  core  with  a  columnar  leg  formed  at  the  center  of  a  non- 
through  tubular  member.  And  in  the  example  of  Fig.  28,  the  tubular  member  of  the  pot  core  shown  in  Fig. 
27  is  partially  cut  off.  Any  of  the  above  exemplary  cores  has  an  E-shaped  cross  section.  In  the  actual  coil 

device,  a  pair  of  such  cores  are  combined  with  each  other  and  a  coil  is  wound  on  the  center  legs  thereof, 

although  merely  a  single  core  is  illustrated  in  each  of  the  above  diagrams.  And  such  core  is  composed  of 

55  ferrite  material. 
Referring  now  to  the  accompanying  drawings,  the  characteristic  and  the  structure  of  an  embodiment  of 

the  present  invention  will  be  described  in  comparison  with  that  of  a  conventional  example. 
Fig.  2  illustrates  the  shape  of  gap  portions  in  magnetic  cores  used  in  a  conventional  coil  device, 
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wherein  the  shapes  of  mutually  opposed  ends  2b  (2bi,  2b2,  2b3,  2b*)  and  3b  (3bi,  3b2,  3b3,  3b*)  of  the 
magnetic  cores  and  the  gap  width  thereof  are  so  determined  that  the  effective  permeability  of  the  magnetic 
core  is  rendered  uniform  in  the  entirety.  The  opposed  ends  2bi  and  3bi  of  the  magnetic  cores  in  the 
conventional  coil  device  of  Fig.  2  are  shaped  to  be  columnar  in  a  manner  that  the  sectional  areas  thereof 

5  remain  unchanged.  And  the  gap  has  a  width  of  3  mm. 
In  the  exemplary  magnetic  cores  of  the  present  invention  shown  in  Figs.  3,  4  and  5,  opposed  ends  2b2, 

3b2  are  so  shaped  that  the  sectional  areas  thereof  are  reduced  by  tapered  portions  2d,  3d  toward  opposed 
faces  2c,  3c,  and  the  gap  5  is  formed  to  have  a  width  of  2.5  mm  in  Fig.  3,  2.0  mm  in  Fig.  4,  and  1  .8  mm  in 
Fig.  5  respectively  so  that  the  effective  permeability  u  becomes  uniform.  In  further  examples,  opposed  ends 

ro  2b3,  3b3  of  Fig.  6  are  so  formed  that  the  sectional  areas  thereof  are  reduced  by  stepped  projections  2e,  3e; 
and  opposed  ends  2b+,  3b*  of  Fig.  7  are  so  formed  that  the  sectional  areas  thereof  are  reduced,  and  a  core 
member  5a  identical  in  material  with  the  magnetic  cores  is  inserted  therebetween  while  being  held  in  a  gap 
filler  (not  shown)  which  exerts  no  harmful  influence  on  the  magnetic  permeability  u. 

Fig.  8  graphically  represents  a  B-H  curve  obtained  in  a  conventional  coil  device  using  magnetic  cores  of 
?5  the  shape  shown  in  Fig.  2;  and  Figs.  9  through  13  graphically  represent  B-H  curves  in  coil  devices  using 

magnetic  cores  of  the  shapes  shown  in  Figs.  3  through  7,  respectively.  Comparing  such  curves  with  one 
another,  the  saturation  magnetic  flux  density  Bm  in  the  conventional  coil  device  with  opposed  ends  of  the 
known  shape  shown  in  Fig.  8  is  5510  Gs;  whereas  in  the  coil  devices  of  the  present  invention  using 
magnetic  cores  of  the  shapes  shown  in  Figs.  9,  10,  11,  12  and  13,  the  saturation  magnetic  flux  densities  are 

20  5480,  5400,  5200,  5330  and  5400  Gs,  respectively.  It  is  also  found  that  the  linearity  in  the  latter  is  not 
changed,  although  each  density  thereof  is  slightly  lower  than  that  in  Fig.  8. 

Table  1  shown  below  is  a  list  of  experimental  results  obtained  by  using  a  tester  6  of  Fig.  14  and 
detecting  the  temperatures  in  coil  centers  X,  coil  ends  Y,  cores  Z  and  peripheries  W  of  coil  devices  1 
having  the  opposed  ends  of  the  aforementioned  shapes  (under  the  testing  conditions  including  a  frequency 

25  of  100  kHz,  a  current  of  0.8  A,  sine  wave  and  ambient  temperature  of  40°  C).  (In  this  table,  the  shapes  (a) 
through  (f)  correspond  respectively  to  the  shapes  of  magnetic  cores  shown  in  Figs.  2  through  7.) 

TABLE  1 

40 

Cc)  

Shape  X  Y  Z  W 

Coil  Coil  Core  Periphery 
center  end 

(a)  101.5  81.0  67.5  51.0 

(b)  96.5  78.0  66.0  48.5 

(c)  89.5  73.5  62.0  47.5 

(d)  81.5  69.5  58.0  46.5 

(e)  85.5  69.0  57.5  45.5 

(f)  82.0  70.5  58.5  45.5 

45 

In  comparison  with  the  known  shape  of  Fig.  2,  the  shapes  in  the  embodiments  of  the  present  invention 
shown  in  Figs.  3  through  7  are  so  improved  that,  as  listed  in  Table  1  ,  the  temperature  in  the  coil  center  X  is 
lower  by  5  to  20°  C;  the  temperature  in  the  coil  end  Y  is  lower  by  3  to  12°  C;  the  temperature  in  the  core  Z 

so  is  lower  by  1.5  to  10°  C;  and  the  temperature  in  the  periphery  W  is  lower  by  2.5  to  5.5°  C.  In  the  shape  of 
Fig.  7,  the  saturation  magnetic  flux  density  is  retained  at  a  relatively  high  value,  and  the  temperatures  in  the 
individual  portions  are  lower  due  to  the  insertion  of  a  core  member  5a  which  is  composed  of  the  same 
material  as  that  of  the  magnetic  core. 

Judging  from  the  above  results  in  combination  with  the  machining  facility  and  the  production  cost,  it  is 
55  obvious  that  the  embodiments  of  the  present  invention  are  superior  to  the  known  one,  and  the  shape  of  Fig. 

5  is  considered  to  be  the  best  of  the  entire  embodiments. 
Thus,  according  to  the  exemplary  embodiments  described  in  detail  hereinabove,  it  will  be  understood 

that  the  present  invention  is  structurally  simple  and  ensures  satisfactory  linearity  in  the  B-H  curve  with 

4 
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another  advantage  of  preventing  abnormal  generation  ot  neat  tnat  may  De  causea  in  me  con  arounu  me  yuy 
by  some  leakage  magnetic  flux. 

The  present  invention  is  not  limited  to  the  above  embodiments  alone,  and  a  variety  of  modifications 

may  be  contrived  as  well.  For  example,  a  gap  filler  of  a  suitable  material  free  from  exerting  any  harmful 

5  influence  on  the  magnetic  permeability  u.  may  be  inserted  in  the  gap,  and  the  gap  may  be  formed  between 

some  other  legs  than  the  center  legs.  As  for  the  shape  of  the  opposed  ends,  similar  effects  can  be  achieved 
in  modified  ones  as  well  as  in  the  exemplary  shapes  of  the  aforementioned  embodiments  on  condition  that 
the  sectional  area  is  reduced  toward  the  opposed  faces.  Typical  modifications  include  a  curved  shape 
shown  in  Fig.  15;  a  shape  of  Fig.  16  where  the  sectional  area  is  reduced  with  curved  surfaces  toward  the 

o  opposed  end  faces;  a  bowl-like  shape  shown  in  Fig.  17;  a  pointed  shape  shown  in  Fig.  18;  a  shape  of  Fig. 
19  where  two  edges  are  cut  off  obliquely;  a  shape  of  Fig.  20  where  two  edges  are  cut  off  rectangularly;  a 
shape  of  Fig.  21  where  the  top  surface  of  a  truncated  cone  is  square;  and  a  truncated  pyramid  shown  in 

Fig.  22.  Although  each  of  the  above  embodiments  is  concerned  with  a  device  having  two  closed  magnetic 
paths,  the  present  invention  is  applicable  also  to  any  device  with  one,  three  or  more  closed  magnetic  paths. 

5  It  is  a  matter  of  course  that  the  invention  can  be  carried  into  effect  in  any  other  coil  device  than  the 
aforementioned  embodiments. 

In  each  of  the  embodiments  described,  equivalent  effects  are  attainable  if,  with  regard  to  the  mutually 
opposed  core  portions  in  the  region  to  form  a  magnetic  gap,  the  rate  of  the  cross-sectional  area  of  the  fore 
end  to  that  of  the  base  end  is  within  a  range  of  1  to  90  percent. 

>o  In  addition,  if  the  fore  ends  of  the  magnetic  cores  10a,  10b  are  so  curved  as  defined  by  logarithmic 
functions,  as  illustrated  in  Fig.  23,  then  the  characteristics  can  further  be  enhanced  when  such  magnetic 
cores  are  employed  in  the  coil  device.  The  curves  of  such  fore  end  shape  are  expressed  by  the  following 
logarithmic  functions: 

?5 

When  the  fore  ends  of  magnetic  cores  11a,  11b  are  turnisnea  witn  pianar  memoers  it,  \±  a&  mus-ucueu 
in  Fig.  24,  remarkable  convenience  is  achieved  since  the  areas  of  the  fore  end  faces  remain  unchanged  in 
adjusting  the  gap  therebetween  by  partially  grinding  the  planar  faces  of  such  members  in  parallel  with  each 
Dther. 

In  another  example  where  projections  14,  14  are  formed  on  the  faces  of  fore  ends  of  magnetic  cores 
12a,  12b  as  illustrated  in  Fig.  25,  there  is  attainable  an  advantage  of  rendering  the  flux  density  uniform  in 
the  gap  and  reducing  the  leakage  flux  that  interlinks  with  the  coil. 

Claims 

1.  A  coil  device  comprising  magnetic  cores  which  form  a  closed  magnetic  path  therein  and  have  a 
magnetic  gap  in  said  path,  and  a  coil  wound  on  said  magnetic  cores  partially,  wherein  the  mutually  opposed 
portions  of  said  magnetic  cores  in  the  region  to  form  said  magnetic  gap  are  so  shaped  that  the  cross- 
sectional  area  of  the  fore  end  becomes  smaller  than  the  cross-sectional  area  of  the  base  end. 

2.  A  coil  device  according  to  claim  1  ,  wherein  the  magnetic  core  portions  in  the  region  to  form  said 

magnetic  gap  are  so  shaped  that  the  rate  of  the  cross-sectional  area  of  the  fore  end  to  that  of  the  base  end 
is  within  a  range  of  1  to  90  percent. 

3.  A  coil  device  according  to  claim  1,  wherein  said  fore  end  is  shaped  with  curves  defined  by 
logarithmic  functions. 

4.  A  coil  device  according  to  claim  1  ,  wherein  a  member  having  a  planar  surface  is  provided  on  said 

fore  end. 
5.  A  coil  device  according  to  claim  1  ,  wherein  projections  are  formed  on  the  face  of  said  fore  end. 
6.  A  coil  device  according  to  claim  1  ,  wherein  said  magnetic  cores  consist  of  two  sectionally  E-shaped 

core  elements  of  which  legs  butt  to  each  other,  and  a  magnetic  gap  is  formed  between  the  opposed  faces 

of  center  legs,  and  the  coil  is  so  wound  as  to  surround  said  magnetic  gap. 
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