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©  Optical  fiber  coil  unit  for  a  fiber  optic  gyro. 

CM 

©  A  cylindrical  bobbin  (11)  having  flanges  (1  1  B)  at 
both  ends  thereof  is  formed  as  a  unitary  structure 
with  them,  using  a  material  of  thermal  conductivity 
nearly  equal  to  or  lower  than  that  of  an  optical  fiber 
coil  (12),  and  the  optical  fiber  coil  is  wound  on  a 
housing  portion  (1  1  C)  defined  by  the  flanges  there- 
between.  An  annular  member  (15)  is  mounted  on  the 
bobbin  to  cover  the  housing  portion  on  the  outside  of 
the  optical  fiber  coil,  forming  an  annular  case  (14)  for 
housing  the  optical  fiber  coil,  together  with  the  bob- 
bin.  The  annular  member  is  also  made  of  a  material 
which  has  a  thermal  conductivity  nearly  equal  to  or 
lower  than  that  of  the  optical  fiber  coil. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  optical  fiber 
coil  unit  with  an  optical  fiber  wound  on  a  bobbin  for 
use  in,  for  example,  an  optical  fiber  sensor  of  a 
fiber  optic  gyro. 

Fig.  1  shows  a  conventional  optical  fiber  coil 
unit  for  use  in  a  fiber  optic  gyro.  As  shown,  the 
conventional  optical  fiber  unit  has  an  optical  fiber 
coil  12  wound  on  a  cylindrical  bobbin  11  mounted 
on  a  flat  support  13  plate.  When  a  rotational  an- 
gular  rate  is  applied  to  the  optical  fiber  coil  12 
through  which  clockwise  and  counterclockwise  light 
beams  are  propagating,  a  phase  difference  arises 
between  the  both  light  beams.  By  electrically  de- 
tecting  the  phase  difference,  the  applied  angular 
rate  is  measured. 

It  is  well-known  in  the  art  that  when  a  sensing 
portion  (an  optical  fiber  coil)  of  a  gyro  using  a  ring- 
shaped  optical  fiber  coil  undergoes  a  nonuniform 
temperature  change,  a  phase  difference  is  caused 
between  the  clockwise  and  counterclockwise  light 
beams  propagating  through  the  optical  fiber  of  the 
sensing  portion,  developing  a  drift  in  the  gyro  out- 
put. 

As  a  solution  to  this  problem,  there  is  proposed 
in  Japanese  Patent  Application  Laid-Open  Gazette 
No.  80581/89  a  construction  wherein  both  end  por- 
tions  of  an  optical  fiber  wound  around  a  bobbin  are 
disposed  adjacent  to  each  other  so  that  they  are 
equally  influenced  by  heat. 

With  such  a  structure,  however,  since  respec- 
tive  layers  of  the  coil  are  wound  alternately,  the 
winding  end  portion  of  the  optical  fiber  layer 
crosses  over  the  underlying  optical  fiber  layer  and 
a  stress  is  induced  in  the  optical  fiber  at  the 
crossover  portion,  and  consequently,  a  substantial 
ambient  temperature  change  will  cause  a  marked 
change  in  the  light  propagation  characteristic  of  the 
stress-induced  portion,  causing  a  substantial  drift  in 
the  gyro  output. 

Moreover,  even  if  the  optical  fiber  is  wound  in 
a  symmetrical  configuration  with  its  both  end  dis- 
posed  adjacent  to  each  other,  a  time  lag  occurs  in 
heat  conduction  dur  to  the  heat  conductivity  of  the 
optical  fiber  itself  until  symmetrical  portions  of  the 
fiber  reach  the  same  temperature,  and  in  this  lag 
time,  a  difference  is  caused  between  the  propaga- 
tion  characteristics  for  the  clockwise  and  coun- 
terclockwise  light  beams,  resulting  in  a  drift  of  the 
gyro  output. 

Thus,  even  such  various  optical  fiber  winding 
structures  cannot  satisfactorily  reduce  the  drift  in 
the  gyro  output  which  is  caused  by  a  temperature 
change.  From  the  viewpoint  of  making  the  tem- 
perature  change  in  the  optical  fiber  uniform 
throughout  it,  it  has  been  customary  to  make  the 
coil  bobbin  1  1  of  a  metal  of  high  thermal  conductiv- 

ity,  such  as  aluminum  (Al),  so  that  the  optical  fiber 
coil  12  is  subjected  to  as  uniform  temperature  as 
possible  over  the  entire  length  thereof,  but  this 
attempt  has  also  failed  to  reduce  the  drift  in  the 

5  gyro  output  by  the  ambient  temperature  change. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
io  to  provide  an  optical  fiber  coil  unit  which  is  free 

from  the  above-mentioned  defects  of  the  prior  art 
and  keeps  down  the  drift  in  the  gyro  output  by  a 
temperature  change  when  the  coil  unit  is  employed 
in  a  fiber  optic  gyro. 

75  According  to  the  present  invention,  the  optical 
fiber  coil  unit  for  a  fiber  optic  gyro  comprises:  a 
cylindrical  bobbin  made  of  a  material  whose  ther- 
mal  conductivity  is  nearly  equal  to  or  lower  than 
that  of  the  optical  fiber  of  the  optical  fiber  coil,  the 

20  bobbin  having  flanges  at  both  ends  thereof;  the 
optical  fiber  coil  wound  around  the  bobbin  between 
the  flanges;  and  an  annular  member  with  which  the 
optical  fiber  coil  housing  portion  defined  by  the 
flanges  is  covered  from  the  outside  thereof  to  form 

25  an  annular  case,  the  annular  member  being  made 
of  a  material  whose  thermal  conductivity  is  nearly 
equal  to  or  lower  than  that  of  the  optical  fiber. 

With  such  as  construction,  the  whole  of  the 
optical  fiber  coil  is  covered  with  a  material  of  low 

30  thermal  conductivity,  and  consequently,  the  drift  in 
the  gyro  output  by  the  influence  of  an  ambient 
temperature  change  can  be  suppressed  effectively. 

It  is  also  possible  to  adopt  a  construction  in 
which  the  annular  case  is  mounted  on  a  support 

35  plate  by  a  leg  whose  radial  sectional  area  is  small- 
er  than  the  area  of  one  end  of  the  flange  forming 
the  annular  case  or  the  area  of  the  outer  peripheral 
surface  of  the  annular  member  so  as  to  keep  down 
the  quantity  of  heat  from  the  support  plate  to  the 

40  annular  case. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  showing  a  conventional 
45  optical  fiber  coil  unit; 

Fig.  2  is  a  sectional  view  illustrating  a  first  em- 
bodiment  of  the  optical  fiber  coil  unit  according 
to  the  present  invention; 
Fig.  3  is  a  graph  showing  temperature  changes 

50  at  three  points  on  the  coil  bobbin  when  a  tem- 
perature  change  was  caused  in  the  supports 
plate; 
Fig.  4  is  a  graph  showing  a  change  in  the  gyro 
output  when  a  temperature  change  in  the  sup- 

55  port  plate  was  provided  to  a  ceramic  bobbin; 
Fig.  5  is  a  graph  showing  a  change  in  the  gyro 
output  when  a  temperature  change  in  the  sup- 
port  plate  was  provided  to  an  aluminum  bobbin; 
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Fig.  6  is  a  sectional  view  illustrating  a  second 
embodiment  of  the  present  invention;  and 
Fig.  7  is  a  sectional  view  illustrating  a  third 
embodiment  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Fig.  2  illustrates  a  first  embodiment  of  the 
optical  fiber  coil  unit  according  to  the  present  in- 
vention.  Reference  numeral  13  indicates  a  support 
plate  as  of  aluminum  (Al),  on  which  an  annular 
case  14  having  housed  therein  the  optical  fiber  coil 
12  is  fixedly  mounted.  The  annular  case  14  is 
formed  by  a  cylindrical  bobbin  11  of  a  material  of 
low  heat  conductivity,  such  as  ceramics,  and  a 
ceramic  annular  member  15  which  covers  a  hous- 
ing  portion  1  1  C  defined  by  flanges  1  1  B  forming  the 
bobbin  11.  The  optical  fiber  coil  12  is  housed  in  the 
annular  case  14  to  form  the  optical  fiber  unit. 

It  is  preferable  that  the  thermal  conductivity  of 
the  bobbin  11  and  the  annular  member  15  be 
nearly  equal  to  or  lower  than  the  thermal  conductiv- 
ity  of  the  optical  fiber  coil  12.  For  instance,  when 
the  optical  fiber  coil  12  is  formed  by  a  quartz  fiber 
whose  thermal  conductivity  is  3.5  x  10_+ 
cal/mm'sec*  *  C,  the  bobbin  11  and  the  annular 
member  15  are  formed  of  ceramics  which  has  a 
thermal  conductivity  nearly  equal  to  or  lower  than 
that  of  the  quartz  fiber.  It  is  also  possible  to  use 
polyamide  resin  (thermal  conductivity:  3.6  x  10-5 
cal/mm'sec*  *  C)  or  some  other  synthetic  resins  for 
the  bobbin  11  and  the  annular  member  14.  The 
bobbin  11  and  the  annular  member  14  need  not 
always  be  made  of  the  same  material. 

In  Fig.  3  there  are  indicated,  by  C1,  C2  and 
C3,  calculated  values  of  temperature  changes  at 
three  point  P1,  P2  and  P3  on  the  bobbin  11  made 
of  ceramics  having  a  thermal  conductivity  of  5  x 
10_+  cal/mm'sec*  °C  in  the  case  of  the  tempera- 
ture  of  the  support  plate  13  made  of  aluminum  (Al) 
being  raised,  with  the  annular  member  15  taken  off 
in  the  Fig.  2  embodiment.  For  comparison  pur- 
poses,  temperature  changes  at  the  same  positions 
on  the  conventional  bobbin  11  made  of  aluminum 
(thermal  conductivity:  4  x  10-2  cal/mm'sec*  °  C) 
are  indicated  by  A1,  A2  and  A3.  The  axial  length, 
outer  diameter  and  wall  thickness  of  the  cylindrical 
portion  of  the  bobbin  11  are  30  mm,  50  mm  and 
2.5  mm,  respectively,  and  the  outer  diameter  and 
thickness  of  the  flange  1  1  B  are  70  mm  and  1.5 
mm,  respectively.  The  aluminum  support  plate  13 
is  a  square  plate  measuring  75  x  75  mm  and  6  mm 
thick. 

In  Fig.  4  there  are  indicated,  by  VC,  measured 
values  of  the  output  voltage  of  a  fiber  optic  gyro 
having  built  therein  the  optical  fiber  unit  of  the  Fig. 
2  embodiment  in  the  case  where  the  temperature 

of  the  ceramic  bobbin  1  1  was  changed  by  heating 
and  then  cooling  the  aluminum  support  plate  13  as 
indicated  by  TO,  with  the  annular  member  15  re- 
moved.  No  angular  rate  was  applied  to  the  optical 

5  fiber  coil  unit  in  this  case.  Fig.  5  similarly  shows 
the  gyro  output  VA  and  the  temperature  To  of  the 
support  plate  13  in  the  case  where  the  bobbin  11 
was  made  of  aluminum  (Al).  In  either  case,  the 
support  plate  temperature  TO  was  increased  from 

io  25  *  C  to  60  *  C  and  then  decreased  again  to  25  *  C. 
As  is  evident  from  Fig.  3,  when  a  temperature 

change  is  caused  in  the  bobbin  1  1  from  the  side  of 
the  support  plate  13,  the  temperature  changes  A1, 
A2  and  A3  in  the  aluminum  bobbin  follow  the 

is  temperature  change  TO  in  the  support  plate  13  in  a 
short  time  and  the  temperature  of  the  bobbin  varies 
substantially  uniformly  throughout  it,  but  the  tem- 
perature  change  in  the  ceramic  bobbin  is  very  slow 
in  following  the  temperature  change  of  the  support 

20  plate  13.  Therefore,  as  shown  in  Fig.  4,  drifts  in  the 
gyro  output  were  as  small  as  5.25  an  2.25  M.V 
when  the  temperature  of  the  support  plate  13  was 
increased  and  decreased,  respectively. 

In  the  case  of  the  aluminum  bobbin,  the  tem- 
25  perature  change  in  the  support  plate  13  is  transmit- 

ted  to  the  outermost  layer  of  the  optical  fiber  coil 
12  in  a  short  time.  However,  since  the  heat  con- 
ductivity  of  the  optical  fiber  coil  12  itself  is  on  the 
order  of  10_+  cal/mm'sec*  °C,  far  lower  than  the 

30  heat  conductivity  of  aluminum  (Al),  the  temperature 
of  the  optical  fiber  lying  apart  from  the  contact 
surface  of  the  bobbin  1  1  with  the  optical  fiber  coil 
12  lags  very  much  in  following  the  temperature 
change,  providing  a  nonuniform  temperature  dis- 

35  tribution  in  the  layered  block  of  the  optical  fiber  coil 
12.  On  this  account,  as  shown  in  Fig.  5,  a  drift  as 
large  as  9.35  M.V  developed  in  the  gyro  output 
when  the  temperature  was  increased  and  de- 
creased,  respectively. 

40  The  above  reveals  that  it  is  effective  in  reduc- 
ing  the  drift  to  use  a  material  of  low  heat  conductiv- 
ity  for  the  bobbin  11  surrounding  the  optical  fiber 
coil  12  to  thereby  delay  as  much  as  possible  the 
transmission  of  the  temperature  change  to  the  op- 

45  tical  fiber  coil  12  through  the  bobbin  11.  In  this 
sense,  with  such  a  construction  as  shown  in  Fig.  2 
in  which  the  housing  portion  1  1  C  is  covered  with 
the  annular  member  15  on  the  outside  of  the  op- 
tical  fiber  coil  12  to  form  the  annular  case  15,  the 

50  optical  fiber  coil  12  is  not  exposed  directly  to  a 
change  in  ambient  temperature,  and  consequently, 
the  output  drift  of  the  fiber  optic  gyro  can  be 
reduced  appreciably  small.  That  is,  even  if  a  tem- 
perature  change  is  applied  to  the  optical  fiber  unit 

55  three-dimensionally  in  any  direction,  the  output  drift 
component  of  the  fiber  optic  gyro  with  the  optical 
fiber  unit  built  therein  can  be  suppressed  very 
small,  because  the  temperature  change  is  gently 

3 
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conveyed  into  the  annular  case  14. 
Fig.  6  illustrates  a  second  embodiment  of  the 

optical  fiber  coil  unit  according  to  the  present  in- 
vention,  in  which  the  annular  member  15  has  sub- 
stantially  centrally  thereof  in  its  axial  direction  a  leg 
16  which  is  an  inverted  L-shaped  in  cross  section. 
The  lower  end  of  the  leg  16  extends  down  past  the 
lower  end  face  of  the  bobbin  1  1  and  is  fixed  to  the 
support  plate  13,  defining  a  space  between  the  top 
of  the  support  plate  13  and  the  lower  end  face  of 
the  bobbin  11.  The  annular  member  15  and  the  leg 
16  are  formed  as  a  unitary  structure,  using  ceram- 
ics  or  synthetic  resin  whose  heat  conductivity  is 
nearly  equal  to  or  lower  than  that  of  the  optical 
fiber  coil  12,  and  the  cross-sectional  area  of  the  leg 
19  in  its  radial  direction  is  selected  smaller  than  the 
area  of  the  outer  peripheral  surface  of  the  annular 
member  15  to  reduce  heat  conduction  thereto  from 
the  support  plate  13.  The  construction  of  the  bob- 
bin  11  with  the  optical  fiber  coil  12  wound  thereon 
is  the  same  as  in  the  Fig.  2  embodiment. 

Fig.  7  illustrates  a  third  embodiment  of  the 
present  invention,  in  which  a  ring-shaped  leg  16  of 
a  diameter  smaller  than  that  of  the  flange  11  B  is 
interposed  between  the  lower  end  face  of  the 
flange  1  1  B  and  the  top  of  the  support  plate  13.  The 
leg  16  may  be  formed  as  a  unitary  structure  with 
the  bobbin  1  1  or  may  also  be  formed  of  a  low  heat 
conductivity  material  separately  of  the  latter.  The 
cross-sectional  area  of  the  leg  16  in  its  radial 
direction  is  selected  smaller  than  the  area  of  the 
lower  end  face  of  the  flange  1  1  B  so  as  to  reduce 
heat  conduction  thereto  from  the  support  plate  13. 
This  embodiment  is  identical  in  construction  with 
the  Fig.  2  embodiment  except  the  above. 

In  the  above  embodiments  the  optical  fiber  coil 
12  housed  in  the  annular  case  14  may  be  of  a 
layered  coil  structure  in  which  an  optical  fiber  is 
simply  wound  in  layers  or  of  a  structure  in  which 
an  optical  fiber  is  wound  with  both  ends  thereof 
disposed  adjacent  to  each  other  as  disclosed  in  the 
afore-mentioned  Japanese  patent  laid-open  ga- 
zette.  The  support  plate  13  may  be  made  of  a  high 
heat  conductivity  material  such  as  aluminum,  or 
low  heat  conductivity  material  such  as  ceramics  or 
synthetic  resin. 

As  described  above,  according  to  the  present 
invention,  the  optical  fiber  coil  12  is  housed  in  the 
annular  case  14  of  poor  heat-insulating  material, 
and  therefore,  even  if  ambient  temperature 
changes  abruptly,  the  temperature  change  that  is 
conveyed  to  the  optical  fiber  coil  12  is  so  gentle 
that  the  drift  in  the  fiber  optic  gyro  output  can  be 
held  small. 

It  will  be  apparent  that  many  modifications  and 
variations  may  be  effected  without  departing  from 
the  scope  of  the  novel  concepts  of  the  present 
invention. 

Claims 

1.  An  optical  fiber  coil  unit  for  a  fiber  optic  gyro 
comprising: 

5  an  optical  fiber  coil; 
a  cylindrical  bobbin  having  said  optical  fi- 

ber  coil  wound  thereon  in  a  housing  portion 
defined  by  flanges  formed  at  opposite  ends  of 
said  bobbin,  said  bobbin  being  made  of  a 

io  material  which  has  a  thermal  conductivity  near- 
ly  equal  to  or  lower  than  that  of  an  optical  fiber 
of  said  optical  fiber  coil;  and 

an  annular  member  with  which  said  hous- 
ing  portion  between  said  flanges  is  covered  on 

is  the  outside  of  said  housing  portion  to  form  an 
annular  case,  said  annular  member  being 
made  of  a  material  which  has  a  thermal  con- 
ductivity  nearly  equal  to  or  lower  than  that  of 
said  optical  fiber. 

20 
2.  The  optical  fiber  coil  unit  of  claim  1  wherein 

the  end  face  of  one  of  said  flanges  is  fixed  to  a 
support  plate. 

25  3.  The  optical  fiber  coil  unit  of  claim  1  which 
further  comprises  leg  means  extended  from 
the  outer  peripheral  surface  of  said  annular 
member  and  projecting  out  from  the  end  face 
of  said  one  flange  axially  of  said  bobbin,  and  a 

30  support  plate  disposed  at  a  distance  from  said 
end  face  of  said  one  flange  and  having  fixed 
thereto  the  end  portion  of  said  leg  means,  said 
leg  means  having  a  thermal  conductivity  nearly 
equal  to  or  lower  than  that  of  said  optical  fiber 

35  and  cross-sectional  area  of  said  leg  means  in 
its  radial  direction  being  smaller  than  the  outer 
surface  area  of  said  annular  member. 

4.  The  optical  fiber  coil  unit  of  claim  1  which 
40  further  comprises  leg  means  formed  in  contact 

with  the  end  face  of  one  of  said  flanges  and 
having  a  diameter  smaller  than  said  flanges, 
and  a  support  plate  disposed  opposite  said 
one  flange  with  said  leg  means  interposed 

45  therebetween,  said  leg  means  having  a  thermal 
conductivity  nearly  equal  to  or  lower  than  that 
of  said  optical  fiber  and  the  cross-sectional 
area  of  said  leg  means  in  its  radial  direction 
being  smaller  than  the  area  of  said  end  face  of 

50  said  one  flange. 

5.  The  optical  fiber  coil  unit  of  claim  1,  2,  3,  or  4 
wherein  said  bobbin  is  formed  as  a  unitary 
structure  with  said  flanges,  using  ceramics. 

55 
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