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sy  Device  for  measuring  displacement 

<t»)  Herein  disclosed  is  a  device  for  measuring  a 
displacement  of  a  movable  member  relative  to  a 
fixed  member  by  putting  the  electromagnetic  induc- 
tion  into  practical  use.  The  device  comprises  a  first 
coil  having  first  and  second  coil  sections  which  are 
coaxially  aligned  along  a  common  axis,  a  second 
coil  arranged  to  establish  a  magnetic  coupling  with 

3   
the  first  coil  and  extending  along  the  common  axis, 
and  a  short  circuit  ring  arranged  to  establish  a  mag- 
netic  coupling  with  the  first  and  second  coils  and 

[J  movable  relative  to  the  same.  The  the  winding  den- 
paSity  of  each  of  the  first  and  second  coil  sections  is 
^gradually  decreased  from  the  outside  end  to  the 
pa  inside  end  thereof,  and  the  winding  density  of  the 
M  second  coil  is  substantially  even  throughout  the 
^   length  of  the  same. 

1.  
H  

wox  uopy  uentra 



1 

1 



U  211  142 2 

u tv i^ t   CUH  MEASURING  DISPLACEMENT 

Dnv/r\unuui<u  ur  i  nc  iinvein  i  iuin 

1  .  Field  of  the  Invention 

The  present  invention  relates  in  general  to  a 
device  for  measuring  a  displacement  of  a  movable 
member  relative  to  a  fixed  member,  and  more 
particularly  to  a  device  for  measuring  the  displace- 
ment  by  using  the  electromagnetic  induction  phe- 
nomenon.  More  specifically,  the  present  invention 
is  concerned  with  a  device  for  detecting  a  liquid 
level  in  a  container  by  putting  the  electromagnetic 
induction  phenomenon  into  practical  use. 

As  one  of  the  conventional  liquid  level  detect- 
ng  devices,  there  has  been  proposed  such  a  de- 
rice  as  disclosed  in  Fig.  1  of  the  attached  draw- 
ngs.  The  device  "A"  disclosed  is  of  a  so-called 
'variable  resistance  type"  arranged  in  a  container 
n  which  a  liquid  to  be  measured  is  contained. 

The  device  "A"  comprises  a  zig-zag  resistor 
pattern  "B"  and  an  elongate  conductive  pattern 
'C  which  are  parallelly  arranged  and  printed  on  a 
ectangular  insulating  base  plate  "D".  The  base 
>late  "D"  is  fixed  in  the  container  to  extend  verti- 
ally.  A  float  E  is  disposed  about  the  base  plate 
'DK  so  as  to  be  vertically  movable  relative  to  the 
ixed  base  plate  in  accordance  with  a  rise  and  fall 
if  the  level  of  the  liquid  in  the  container.  Two 
»nductive  sliders  "F,"  and  "F,"  are  carried  by  the 
toat  "E"  with  their  leading  ends  slidably  contacting 
rith  the  two  patterns  "B"  and  "C,  respectively, 
"he  two  patterns  "B"  and  "C"  and  the  sliders  "F," 
md  "F,"  thus  constitute  a  variable  resistor  the 
asistance  of  which  changes  in  accordance  with  the 
ertical  movement  of  the  float  "E",  that  is,  in  accor- 
lance  with  the  fluctuation  of  the  liquid  level  in  the 
ontainer.  The  zig-zag  pattern  "B"  (viz.,  the  mea- 
uring  resistor)  is  connected  to  an  electric  power 
ource  "G"  through  a  fixed  resistor  "H".  The  volt- 
ge  fluctuation  thus  appearing  between  the  mea- 
uring  resistor  "B"  and  the  fixed  resistor  "H"  due 
J  the  fluctuation  of  the  liquid  level  is  detected  by  a 
oltage  detecting  circuit  "I"  and  the  voltage  fluc- 
jatjon  thus  detected  is  treated  by  an  indicating 
ircuit  "J"  to  indicate  the  amount  of  the  liquid  in 
ie  container. 

However,  the  above-mentioned  device  "A"  has 
uffered  from  the  drawback  that  due  to  the  me- 
hanical  contact  between  each  slider  "F,"  or  "F," 
nd  the  printed  pattern  "B"  or  "C,  long  use  of  the 

device  induces  remarkable  wear  of  the  measuring 
resistor  "B"  changing  the  original  resistance  value 
of  the  same.  This  causes  erroneous  measuring  of 
liquid  level.  In  the  severest  case,  the  measuring 

5  pattern  "B"  is  broken  because  of  the  wear. 
Furthermore,  due  to  a  friction  inevitably  pro- 

duced  between  each  slider  "F,"  or  "Fs"  and  the 
printed  pattern  "B"  or  "C",  the  upward  or  down- 
ward  movement  of  the  float  "E"  is  not  smoothly 

w  carried  out  thereby  causing  erroneous  indication  of 
liquid  level.  This  undesirable  phenomenon  be- 
comes  severer  when  foreign  matter  gets  in  be- 
tween  the  sliders  and  the  printed  patterns  acciden- 
tally. 

ts 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  essential  object  of  the  present 
ro  invention  to  provide  a  measure  for  solving  the 

above-mentioned  drawbacks. 
It  is  another  object  of  the  present  invention  to 

provide  a  device  for  measuring  a  displacement  of  a 
movable  members  relative  to  a  fixed  member  by 

«  practically  using  electromagnetic  induction  phe- 
nomenon. 

It  is  still  another  object  of  the  present  invention 
to  provide  a  device  for  detecting  a  liquid  level  in  a 
container  by  putting  the  electromagnetic  induction 

<o  phenomenon  ilnto  practical  use. 
According  to  the  present  invention,  there  is 

provided  a  device  for  measuring  a  displacement  of 
a  movable  member  relative  to  a  fixed  member  by 
using  an  AC  signal  source,  which  comprises  a  first 

s  coil  mounted  to  the  fixed  member  and  including 
first  and  second  coil  sections  which  are  electrically 
connected  and  coaxially  aligned  along  a  common 
axis  so  that  the  first  coil  has  a  first  extreme  end 
constituting  an  outside  end  of  the  first  coil  section, 

o  a  middle  portion  defined  between  respective  inside 
ends  of  the  first  and  second  coil  sections  and  a 
second  extreme  end  constituting  an  outside  end  of 
the  second  .coil  section;  a  second  coil  mounted  to 
the  fixed  member  in  a  manner  to  establish  a  mag- 

5  netic  coupling  with  the  first  coil  and  extending 
along  the  common  axis;  and  a  short  circuit  ring 
movable  with  the  movable  member  and  arranged 
to  establish  a  magnetic  coupling  with  the  first  and 
second  coils  and  constructed  to  consume  magnetic 

3  energy,  wherein  the  winding  density  of  each  of  the 
first  and  second  coil  sections  of  the  first  coil  is 
gradually  decreased  from  the  coutside  end  to  the 
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inside  end  tnereof,  and  the  winding  density  of  the 
second  coil  is  substantially  even  throughout  the 
length  of  the  same. 

BHIbr  DfcaCnIPTlON  OF  THE  DRAWINGS 

Other  objects  and  advantages  of  the  present 
invention  will  become  apparent  from  the  following 
description  when  taken  in  conjunction  with  the  ac- 
companying  drawings,  in  which: 

Fig.  1  is  a  sectional  view  of  a  prior  art  liquid 
level  detecting  device  as  described  hereinabove, 
with  some  control  circuits  connected  thereto; 

Fig.  2  is  a  diagramatically  illustrated  circuit 
of  a  liquid  level  detecting  device  of  a  first  embodi- 
ment  of  the  present  invention,  with  several  control 
circuits  connected  thereto; 

Fig.  3  is  a  sectional  view  of  the  liquid  level 
detecting  device  of  the  first  embodiment; 

Fig.  4  is  the  circuit  of  the  liquid  level  detect- 
ing  device  of  the  first  embodiment  with  some  por- 
tions  symbolically  illustrated; 

Fig.  5  is  a  chart  showing  various  signal 
forms  appearing  at  given  portions  of  the  circuit  of 
Fig.  2; 

Fig.  6  is  a  graph  showing  the  characteristic 
of  output  of  the  liquid  level  detecting  device  of  the 
first  embodiment; 

Fig.  7  is  a  diagramatically  illustrated  circuit 
of  a  liquid  level  detecting  device  of  a  second 
embodiment; 

Fig.  8  is  a  view  similar  to  Fig.  7,  but  showing 
a  third  embodiment; 

Fig.  9  is  a  view  similar  to  Fig.  3,  but  showing 
a  fourth  embodiment; 

Fig.  10  is  a  view  similar  to  Fig.  7,  but  show- 
ing  a  fifth  embodiment; 

Fig.  11  is  a  graph  showing  the  characteristic 
of  output  of  the  device  of  the  fifth  embodiment; 

Fig.  12  is  a  view  similar  to  Fig.  7,  but  show- 
ing  a  sixth  embodiment; 

Fig.  13  is  a  graph  showing  the  characteristic 
of  output  of  the  device  of  the  sixth  embodiment; 

Fig.  14  is  a  view  similar  to  Fig.  2,  but  show- 
ing  a  seventh  embodiment  of  the  present  invention; 

Fig.  15  is  a  sectional  view  of  a  liquid  level 
detecting  device  of  the  seventh  embodiment; 

Fig.  16  is  a  graph  showing  the  characteristic 
of  output  of  the  device  of  the  seventh  embodiment; 

Fig.  17  is  a  view  similar  to  Fig.  7,  but  show- 
ing  an  eighth  embodiment  of  the  ivnention; 

Fig.  18  is  a  view  similar  to  Fig.  7,  but  show- 
ing  a  ninth  embodiment; 

Fig.  19  is  a  view  similar  to  Fig.  15,  but 
showing  a  tenth  embodiment  of  the  invention; 

Fig.  20  is  a  view  similar  to  Fig.  19,"  but 
showing  an  eleventh  embodiment  of  the  invention; 

Fig.  21  is  a  view  similar  to  Fig.  2,  but  show- 
ing  a  twelfth  embodiment  of  the  invention; 

Fig.  22  is  a  sectional  view  of  a  liquid  level 
detecting  device  of  the  twelfth  embodiment; 

5  Fig.  23  is  a  graph  showing  the  characteristic 
of  output  of  the  device  of  the  twelfth  embodiment; 

Fig.  24  is  a  chart  showing  various  signal 
wave  forms  appearing  at  given  portions  of  the 
circuit  of  Fig.  21  ; 

jo  Fig.  25  is  a  circuit  of  a  liquid  level  detecting 
device  of  a  thirteenth  embodiment  of  the  invention; 
and 

Fig.  26  is  a  view  similar  to  Fig.  22,  but 
showing  a  fourteenth  embodiment  of  the  invention. 

75 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  to  Figs.  2  to  6,  especially  Fig.  2, 
20  there  is  shown  an  induction  type  liquid  level  detect- 

ing  device  1  0A  of  a  first  embodiment  of  the  present 
invention  with  several  control  circuits  associated 
therewith. 

In  Fig.  2,  denoted  by  numeral  11  is  an  AC 
25  signal  source  which  supplies  both  a  first  coil  (or 

exciting  coil)  122  and  a  detection  control  signal 
generating  circuit  13  with  an  AC  signal  "a"  as 
depicted  by  Fig.  5a.  It  is  to  be  noted  that  the 
frequency  of  the  AC  signal  "a"  (Fig.  5a)  is  so 

30  determined  that  elements  (such  as,  operational  am- 
plifier  and  the  like)  constituting  an  after-mentioned 
amplification  circuit  14  can  exhibit  their  normal 
performances.  More  particularly,  the  frequency  can 
be  determined  to  a  low  level  so  long  as  an  un- 

35  desirable  resonance  phenomenon  due  to  stray  ca- 
pacitance  is  avoided.  In  the  disclosed  embodiment, 
the  frequency  is  set  at  1  KHz.  By  receiving  the  AC 
signal  "a"  (Fig.  5a)  from  the  AC  signal  source  1  1  , 
the  circuit  13  issues  a  pulse  signal  "c",  as  shown 

to  in  Fig.  5c,  which  is  synchronous  with  the  AC  signal 
"a".  Denoted  by  numeral  14  is  a  detecting  circuit 
which  comprises  an  amplifying  circuit  141  and  an 
analogue  switch  142. 

The  amplifying  circuit  141  amplifies  the  output 
ts  signal  "b"  (Fig.  4b)  issued  from  the  induction  type 

liquid  level  detecting  device  1  0A  proper  which  will 
be  described  hereinafter  in  detail.  The  analogue 
switch  142  treats  the  amplified  signal  with  refer- 
ence  to  the  detection  control  signal  "c"  (Fig.  4c) 

so  issued  from  the  detection  control  signal  generating 
circuit  13.  Denoted  by  numeral  15  is  a  smoothing 
circuit,  16  is  a  voltage  detecting  circuit  and  17  is  an 
indicating  circuit.  The  signal  "d"  (Fig.  4d)  treated 
by  the  detecting  circuit  14  is  smoothed  by  the 

55  smoothing  circuit  15,  then  detected  by  the  voltage 
detecting  circuit  16  and  thereafter  treated  by  the 
indicating  circuit  17  to  indicate  the  amount  of  the 
liquid  in  the  container. 

I 
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i  ne  inauciion  xype  iiquia  level  aetecting  aevice 
10A  will  be  described  in  detail  hereinnext. 

As  will  be  seen  from  Fig.  3,  the  device  10A 
comprises  generally  the  first  coil  122  (exciting  coil) 
wound  on  an  elongate  core  121  (which  will  be 
referred  to  as  a  first  coil  bobbin,  hereinafter),  a 
second  coil  124  wound  on  a  hollow  plastic  case 
123  (which  will  be  referred  to  as  a  second  coil 
bobbin,  hereinafter)  within  which  the  first  coil  122 
and  thus  the  first  coil  bobbin  121  are  coaxially 
housed,  and  a  short  cuitcuit  ring  126  of  coil  moun- 
ted  to  a  float  125.  The  float  125  is  arranged  to 
move  smoothly  upward  and  downward  in  response 
to  the  rise  and  fall  of  the  liquid  level  in  the  liquid 
container.  For  achieving  the  smooth  movement  of 
the  float  125  relative  to  the  coil-carrying  second 
coil  bobbin  123,  the  float  125  has  a  guide  bore  (no 
numeral)  through  which  the  second  coil  bobbin  123 
passes  with  an  adequate  clearance  therebetween. 

As  will  be  understood  from  Fig.  2,  the  first  coil 
122  comprises  an  upper  (or  first)  coil  section  1221 
the  winding  density  of  which  is  gradually  de- 
creased  from  the  top  portion  of  the  first  coil  bobbin 
121  to  the  middle  portion  of  the  same,  and  a  lower 
(or  second)  coil  section  1222  the  winding  density  of 
which  is  gradually  increased  from  the  middle  por- 
tion  of  the  first  coil  bobbin  1  21  to  the  lower  portion 
at  the  same.  If  desired,  the  winding  of  the  coil 
sections  on  the  bobbin  may  be  made  stepwisely  or 
linearly  so  long  as  the  winding  density  inclination  is 
astabiished.  These  two  coil  sections  1221  and  1222 
are  so  arranged  as  to  generate,  upon  electric  ener- 
gization,  respective  magnetic  fluxes  which  advance 
n  the  mutually  opposed  directions.  For  achieving 
this,  the  lower  end  of  the  first  coil  section  1221  is 

connected  to  the  lower  end  of  the  second  coil 
section  1222,  as  shown.  The  upper  end  of  the 
second  coil  section  1222  is  earthed.  The  upper  end 
of  the  first  coil  122  is  connected  to  the  AC  signal 

s  source  11. 
The  second  coil  124  (measuring  coil)  is  thus 

magnetically  coupled  with  to  the  first  coil  122.  The 
winding  density  of  the  coil  124  is  even  throughout 
the  axial  length  thereof  as  is  seen  from  Fig.  2. 

to  As  will  be  seen  from  Fig.  3,  the  short  circuit 
ring  126  on  the  float  125  is  coaxially  arranged  with 
respect  to  the  common  axis  of  the  first  and  second 
coils  122  and  124,  establishing  a  magnetjcal  cou- 
pling  with  these  coils  122  and  124. 

75  In  the  following,  operation  of  the  induction  type 
liquid  level  detecting  device  10A  will  be  described 
with  reference  to  Fig.  4. 

For  ease  of  understanding,  let  us  suppose  that 
the  first  coil  122  serving  as  an  exciting  coil  com- 

20  prises  a  series  of  small  coils  L„  L2  and  L3  of 
different  number  of  turns  (which  series  corresponds 
to  the  upper  coil  section  1221)  and  another  series 
of  small  coils  L,',  L2'  and  L3'  of  different  number  of 
turns  (which  series  corresponds  to  the  lower  coil 

?5  section  1222),  and  let  us  suppose  that  the  mag- 
netic  fluxes  produced  by  these  small  coils  l_„  U  L3, 
L,',  L2'  and  L3'  are  designated  by  0„  0S,  03,  -0„  - 
0s  and  -03,  respectively. 

When,  as  is  seen  in  Fig.  4,  the  short  circuit  ring 
w  126  comes  to  a  position  to  face  the  small  coil  L,  of 

the  upper  coil  section  1221  due  to  fluctuation  of  the 
liquid  level  in  the  container,  the  small  coils  (each 
having  equal  number  of  turns)  constituting  the  sec- 
ond  coil  124  are  forced  to  generate  respective 

is  induced  electromotive  forces,  which  are: 

ae>3  d 0 ,  
e3  =  ~  n  d t ~ '   e2  *  ° '   e l   =  "  n  d t "  

a<a3  ,  d02  ,  d 0 ,  

wnerein:  sum  of  the  induced  electromotive  forces  of  these 
small  coils,  the  output  is  represented  by  the  next 

i:  the  number  of  turns  of  each  coil.  Because  the  equation  : 
output  of  the  second  coil  124  is  represented  as  a  50 

i  i  t  d 0 9  
2  "  e l   +  e2  +  e3  +  e l   +  e2  +  e3  =  n  S T  
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As  will  be  understood  from  this  equation,  when 
the  short  circuit  ring  126  assumes  the  above-men- 
tioned  position,  the  magnetic  energy  of  the  small 
coil  L,  is  consumed  by  the  short  circuit  ring  126 
thereby  to  prevent  generation  of  magnetic  flux  of 
the  small  coil  L,  with  a  result  that  only  the  induced 
electromotive  force  e2'  produced  by  the  small  coil, 
U'  is  outputted  from  the  second  coil  2.  In  this  case, 
as  is  shown  by  a  solid  curved  line  in  Fig.  5b.  the 
electromotive  force  e,'  has  the  same  phase  as  the 
AC  signal  "a"  (Fig.  5a)  and  has  a  crest  value  which 
corresponds  to  the  liquid  level  then  established. 

It  is  to  be  noted  that  the  signal  wave  forms 
illustrated  by  the  dot-dash  line  and  the  broken  line 
in  Fig.  5b  are  presented  for  showing  a  fact  that 
even  when  the  short  circuit  ring  126  moves  only 
within  the  range  of  the  upper  coil  section  1221,  the 
crest  value  of  the  induced  electromotive  force  out- 
putted  from  the  second  coil  124  changes  depend- 
ing  on  what  magnetic  flux  of  the  upper  coil  section 
1221  is  shortened  by  the  short  curcuit  ring  126.  It 
is  further  to  be  noted  that  the  signal  wave  form 
illustrated  by  the  dot-dot-dash  line  in  Fig.  5b  shows 
the  induced  electromotive  force  which  is  outputted 
from  the  second  coil  124  when  the  short  circuit  ring 
1  26  assumes  a  position  within  a  range  of  the  lower 
coil  section  1222.  As  is  seen  from  this  wave  form 
chart,  the  phase  of  the  output  (dot-dot-dash  line)  is 
reversed  to  that  of  the  output  produced  when  the 
short  circuit  ring  126  is  located  within  the  range  of 
the  upper  coil  section  1221. 

As  is  understood  from  the  foregoing  descrip- 
tion,  the  crest  value  of  the  output  signal  from  the 
second  coil  124  changes  in  accordance  with  the 
position  of  the  short  circuit  ring  126,  that  is,  in 
accordance  with  the  liquid  level  in  the  liquid  con- 
tainer.  Furthermore,  the  phasic  relation  of  the  out- 
put  signal  from  the  second  coil  124  to  the  AC 
signal  "a"  (Fig.  5a)  changes  by  180  degrees  de- 
pending  on  whether  the  short  circuit  ring  126  is 
within  the  range  of  the  upper  coil  section  1221  or 
the  lower  coil  section  1222. 

The  induced  electromotive  force  outputted 
from  the  second  coil  124  is  detected  by  the  detect- 
ing  circuit  14  on  the  basis  of  the  detection  control 
signal  "c"  (Fig.  5c)  outputted  from  the  detection 
control  signal  generating  circuit  13,  and  from  the 
detecting  circuit  14,  there  is  outputted  a  voltage 
signal  "d"  with  the  characteritic  as  shown  by  Fig. 
5d.  The  voltage  signal  "d"  is  applied  to  the 
smoothing  circuit  15  to  be  smoothed  (see  the  flat 
voltage  lines  designated  by  +V,  +V  and  -V  in  Fig. 
5d).  Due  to  the  above-mentioned  unique  arrange- 
ment  of  the  first  coil  122,  the  DC  voltage  thus 
outputted  from  the  smoothing  circuit  15  shows 
such  the  characteristic  as  shown  in  Fig.  6  which 
shows  the  output  voltage  relative  to  the  position  of 

the  liquid  level.  The  value  of  the  DC  voltage  is  read 
by  the  voltage  detecting  circuit  16  and  treated  by 
the  indicating  circuit  17  to  indicate  the  amount  of 
the  liquid  in  the  container. 

5  Although,  in  the  first  embodiment  10A,  the  sec- 
ond  coil  bobbin  123  is  emoloyed  for  winding  there- 
on  the  second  coil  124,  the  present  invention  is  not 
limited  to  such  an  arrangement.  That  is,  if  desired, 
the  second  coil  124  may  be  wound  directly  on  the 

10  first  coil  122  without  using  the  second  coil  bobbin. 
Furthermore,  the  positional  relation  between  the 
first  coil  122  and  the  second  coil  124  may  be 
reversed.  That  is,  in  this  reversed  arrangement,  the 
second  coil  124  is  wound  on  the  first  coil  bobbin 

75  121  and  the  first  coil  122  is  wound  on  the  second 
coil  bobbin  123  in  which  the  second  coil  124  is 
installed. 

Referring  to  Fig.  7,  there  is  shown  a  circuit  of  a 
liquid  level  detecting  device  of  a  second  embodi- 

20  ment  10B  of  the  present  invention.  In  this  second 
embodiment,  unlike  the  case  of  the  first  embodi- 
ment,  the  upper  and  lower  coil  sections  1221  and 
1222  are  connected  in  parallel  with  each  other. 
That  is,  the  inside  ends  of  the  upper  and  lower  coil 

25  sections  1221  and  1222  are  connected  and  ear- 
thed.  The  parts  identical  to  those  of  the  first  em- 
bodiment  10A  are  denoted  by  the  same  numerals 
in  the  drawing,  and  explanation  of  them  will  be 
omitted. 

30  Referring  to  Fig.  8,  there  is  shown  a  circuit  of  a 
liquid  level  detecting  device  1  0C  of  a  third  embodi- 
ment  of  the  invention.  As  will  be  seen  from  this 
drawing,  the  exciting  coil  connected  to  the  AC 
signal  source  11  is  a  coil  identical  to  the  second 

35  coil  124  of  the  first  embodiment  10A,  while  the 
measuring  coil  is  a  coil  identical  to  the  first  coil  122 
of  the  first  embodiment. 

Referring  to  Fig.  9,  there  is  shown  a  liquid  level 
detecting  device  10D  of  a  fourth  embodiment  of 

40  the  invention.  In  this  embodiment,  a  metal  ring  126' 
constructed  of  for  example  aluminium  or  the  like  is 
used  in  place  of  the  short  circuit  ring  126  of  coil 
employed  in  the  above-mentioned  embodiments. 
The  metal  ring  126'  consumes  the  magnetic  en- 

45  ergy  on  the  principle  of  eddy-current  loss.  As  the 
short  circuit  ring  126,  a  ring  constructed  of  mag- 
netic  powder-impregnated  plastic  is  also  usable. 

Referring  to  Fig.  10,  there  is  shown  a  circuit  of 
a  liquid  level  detecting  device  10E  of  a  fifth  em- 

50  bodiment  of  the  invention.  In  this  embodiment,  the 
lower  portion  of  the  device  is  bent  as  shown.  With 
this,  the  output  from  the  smoothing  circuit  15 
shows  the  characteristic  as  shown  in  the  graph  of 
Fig.  11.  That  is,  the  left  section  of  the  output 

55  characteristic  curve  at  which  the  changing  rate  of 
output  is  quite  small  can  be  deleted,  so  that  the 
detecting  ability  of  the  device  at  the  time  when  the 
liquid  is  small  is  improved. 

5 
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meTerring  xo  rig.  tnere  is  snown  a  circuit  ot 
a  liquid  level  detecting  device  1  0F  of  a  sixth  em- 
bodiment  of  the  invention.  In  this  embodiment,  a 
rectangular  frame-like  core  121'  is  employed.  The 
first  coil  122  (that  is,  exciting  coil)  is  wound  on  one 
bobbin  portion  of  the  core  121'  and  the  second  coil 
124  (that  is,  measuring  coil)  is  wound  on  the  other 
bobbin  portion  to  establish  a  closed  magnetic  cir- 
cuit.  With  this  arrangement,  it  is  possible  to  solve  a 
•rapid  fluctuation  of  the  magnetic  field  wnich  would 
occur,  due  to  permeability  ,  at  the  extreme  ends  of 
the  detecting  range.  Thus,  as  is  shown  by  the 
graph  of  Fig.  13,  the  curve  of  the  output  char- 
acteristic  shows  at  both  ends  of  the  detecting 
range  such  characteristic  as  shown  by  the  solid 
lines.  That  is,  undesirable  U-turn  phenomenon  de- 
picted  by  the  broken  lines  can  be  solved.  Thus,  in 
the  sixth  embodiment,  wider  detecting  range  is 
provided  as  compared  with  the  first  embodiment. 

Referring  to  Figs.  14  and  15,  there  is  shown  a 
liquid  level  detecting  device  10G  of  a  seventh 
embodiment.  This  device  12G  is  substantially  the 
same  as  that  of  the  first  embodiment  10A  except 
for  several  parts  which  will  be  described 
hereinafter.  Thus,  the  substantially  same  parts  as 
those  of  the  first  embodiment  10A  will  be  denoted 
by  the  same  numerals  and  detailed  description  of 
them  will  be  omitted.  In  the  seventh  embodiment, 
two  additional  coils  1221a  and  1222a  of  increased 
number  of  turns  are  further  employed,  one  being 
connected  to  the  upper  end  of  the  upper  coil 
section  1221  and  the  other  being  connected  to  the 
lower  end  of  the  lower  coil  section  1222.  As  is 
understood  from  Fig.  14,  the  winding  direction  of 
each  additional  coil  1221a  or  1222a  is  equal  to  that 
of  the  associated  coil  section  1221  or  1222.  As  is 
seen  from  Fig.  15,  these  additional  coils  1221a  and 
1222a  are  housed  in  upper  and  lower  extensions 
123a  of  the  second  coil  bobbin  123,  respectively. 
Preferably,  the  extensions  are  formed  to  have 
grooves,  as  shown. 

Because  of  the  provision  of  the  additional  coils 
1221a  and  1222a,  the  output  from  the  smoothing 
circuit  15  has  such  a  characteristic  as  shown  by 
the  solid  curve  in  Fig.  16.  For  comparison,  the 
output  curve  of  the  first  embodiment  10A  is  also 
shown  by  dot-dot-dash  line.  As  is  understood  from 
these  curves,  the  detecting  range  of  the  seventh 
embodiment  10G  is  wider  than  that  of  the  first 
embodiment  10A. 

Referring  to  Fig.  17,  there  is  shown  an  eighth 
embodiment  10H  of  the  invention,  which  is  sub- 
stantially  the  same  as  the  second  embodiment  10B 
(see  Fig.  7)  except  for  the  two  additional  coils 
1221a  and  1222a.  That  is,  in  the  eighth  embodi- 

ment  10H,  the  additional  coils  1221a  and  1222a  are 
connected  to  the  upper  and  lower  coil  sections 
1221  and  1222  of  the  first  coil  122  in  the  same 
manner  as  the  seventh  embodiment  10G. 

5  Referring  to  Fig.  18,  there  is  shown  a  ninth 
embodiment  101  of  the  invention,  which  is  substan- 
tially  the  same  as  the  third  embodiment  10C  (see 
Fig.  8)  except  for  the  two  additional  coils  1221a 
and  1222a.  As  is  understood  from  the  drawing,  in 

w  the  ninth  embodiment,  the  two  additional  coils 
1221a  and  1222a  are  connected  to  the  upper  and 
lower  coil  sections  1221  and  1222  of  the  measuring 
coil. 

Referring  to  Fig.  19,  there  is  shown  a  tenth 
is  embodiment  10J  of  the  invention,  which  is  substan- 

tially  the  same  as  the  fourth  embodiment  10D  of 
Fig.  9  except  for  the  two  additional  coiis  1221a  and 
1222a  connected  to  the  exciting  coil  122. 

Referring  to  Fig.  20,  there  is  shown  an  eleventh 
so  embodiment  10K  of  the  invention,  which  is  a  modi- 

fication  of  the  tenth  embodiment  10J.  That  is,  in 
the  eleventh  embodiment,  a  cylindrical  case  127  is 
employed  for  receiving  therein  a  detector  proper 
which  is  substantially  identical  to  the  device  of  the 

is  tenth  embodiment  10J.  The  case  127  is  formed 
with  a  suitable  number  of  holes  (no  numerals)  for, 
when  mounted  in  a  liquid  container,  providing  a 
fluid  communication  between  the  interior  of  the 
case  127  and  the  exterior  of  the  same.  The  case 

30  127  is  formed  with  upper  and  lower  stoppers  1271 
and  1272  for  suppressing  extreme  movement  of 
the  float  125. 

Referring  to  Figs.  21  and  22,  there  is  shown  an 
induction  type  liquid  level  detecting  device  10L  of  a 

35  twelfth  embodiment  of  the  invention. 
In  Fig.  21,  denoted  by  numeral  18  is  a  first  AC 

signal  source  and  19  is  a  second  AC  signal  source. 
The  first  AC  signal  source  18  supplies  both  a  main 
exciting  coil  202  (or  first  coil)  of  the  induction  type 

»  liquid  detecting-  device  10L  and  a  first  detection 
control  signal  generating  circuit  21  with  an  AC 
signal  "a"  as  shown  in  Fig.  24a.  The  second  AC 
signal  source  19  supplies  both  an  auxiliary  exciting 
coil  204  (or  third  coil)  of  the  device  10L  and  a 

6  second  detection  control  signal  generating  circuit 
22  with  an  AC  signal  "c"  as  shown  in  Fig.  24c.  it  is 
to  be  noted  that  the  frequencies  of  the  AC  signals 
"a"  and  "c"  are  so  determined  that  elements  (such 
as  operational  amplifier  or  the  like)  constituting 

*}  after-mentioned  amplifying  circuits  251  and  261 
can  exhibit  their  normal  performances.  More  par- 
ticularly,  the  frequencies  can  be  determined  to  low 
levels  so  long  as  an  undesirable  resonance  phe- 
nomenon  due  to  stray  capacitance  is  avoided.  In 

s  the  disclosed  twelfth  embodiment  10L,  the  fre- 
quency  of  the  AC  signal  "a"  is  set  at  1  KHz,  while 
the  frequency  of  the  AC  signal  "c"  is  set  at  6  KHz. 
By  receiving  the  AC  signal  "a",  the  first  detection 
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control  signal  generating  circuit  21  issues  a  pulse 
signal  "b"  (Fig.  24b)  of  detection  control  which  is 
synchronous  with  the  AC  signal  "a"  (Fig.  24a).  By 
receiving  the  AC  signal  "c"  (Fig.  24c),  the  second 
detection  control  signal  generating  circuit  22  issues 
a  pulse  signal  "d"  (Fig.  24d)  of  detection  control 
which  is  synchronous  with  the  AC  signal  "c".  De- 
noted  by  numeral  23  is  a  low-pass  filter  which 
receives  an  output  signal  "e"  (shown  in  Fig.  24e) 
from  the  device  proper  10L  and  deletes  from  the 
signal  "e"  a  high  frequency  component  corre- 
sponding  to  the  AC  signal  "c".  Thus,  a  signal  " f  
having  such  characteristic  as  shown  in  Fig.  24f  is 
outputted  from  the  low-pass  filter  23.  Denoted  by 
numeral  24  is  a  high-pass  filter  which  receives  the 
output  signal  "e"  of  the  device  proper  10L  and 
deletes  from  the  signal  "e"  a  low  frequency  com- 
ponent  corresponding  to  the  AC  signal  "a".  Thus,  a 
signal  "g"  having  such  a  characteristic  as  shown  in 
Fig.  24g  is  outputted  from  the  high-pass  filter  24. 
Denoted  by  numeral  25  is  a  first  detection  circuit 
which  comprises  an  amplifying  circuit  251  for  suit- 
ably  amplifying  the  output  signal  "f  from  the  low- 
pass  filter  23  and  an  analogue  switch  252  for 
detecting  the  amplified  output  signal  "f"  in  accor- 
dance  with  the  detection  control  signal  "b"  issued 
from  the  first  detection  control  signal  generating 
circuit  21.  Denoted  by  numeral  26  is  a  second 
detection  circuit  which  comprises  an  amplifying 
circuit  261  for  suitably  amplifying  the  output  signal 
"g"  from  the  high-pass  filter  24  and  an  analogue 
switch  262  for  detecting  the  amplified  output  signal 
"g"  in  accordance  with  the  detection  control  signal 
"d"  issued  from  the  second  detection  control  signal 
generating  circuit  22.  Denoted  by  numerals  27  and 
28  are  first  and  second  smoothing  circuits  which 
respectively  smooth  the  output  signal  "h"  (see  Fig. 
24h)  from  the  first  detection  circuit  25  and  the 
output  signal  "i"  (see  Fig.  24i)  from  the  second 
detection  circuit  26. 

Denoted  by  numerals  29  and  30  are  first  and 
second  voltage  detecting  circuits.  The  first  voltage 
detecting  circuit  29  detects  the  value  of  the  DC 
voltage  signal  "h'"  (see  the  line  h'  in  Fig.  24h) 
outputted  from  the  first  smoothing  circuit  27,  while 
the  second  voltage  detecting  circuit  30  detects  the 
value  of  the  DC  voltage  "P"  (see  the  line  i'  in  Fig. 
24i)  outputted  from  the  second  smoothing  circuit 
28.  Denoted  by  numeral  31  is  an  indication  control 
circuit  which  permits  transmission  of  output  of  the 
second  voltage  detecting  circuit  30  to  an  after- 
mentioned  secondary  indicator  322  only  when  the 
voltage  value  of  the  voltage  signal  "h,B  from  the 
first  smoothing  circuit  27  is  lower  than  a  predeter- 
mined  value  corresponding  to  the  upper  limit  (see- 
the  point  Lo  in  the  graph  of  Fig.  23)  of  liquid  level 
detecting  range  which  is  determined  when  the  as- 
sociated  liquid  container  contains  small  amount  of 

liquid  therein.  That  is,  only  when  the  voltage  value 
of  the  voltage  signal  "h'"  is  lower  than  the  pre- 
determined  value,  the  voltage  value  of  the  voltage 
signal  "P"  from  the  second  smoothing  circuit  28  is 

5  treated  by  the  secondary  indicator  322.  Denoted  by 
numeral  32  is  a  double  function  indicator  which 
comprises  a  primary  indicator  321  for  representing 
in  bar-graphical  fashion  the  output  data  (viz.,  the 
voltage  of  the  voltage  signal  "h"')  issued  from  the 

to  first  voltage  detection  circuit  29  and  the  above- 
mentioned  secondary  indicator  322  for  representing 
in  digital  fashion  the  output  data  (viz.,  the  voltage  of 
the  voltage  signal  "i'")  issued  from  the  second 
voltage  detection  circuit  30  through  the  indication 

75  control  circuit  31  . 
In  the  following,  the  induction  type  liquid  level 

detecting  device  10L  will  be  described  in  detail. 
As  will  be  seen  from  Figs.  21  and  22,  the 

device  10L  comprises  generally  the  primary  excit- 
20  ing  coil  (or  first  coil)  202  wound  on  a  first  coil 

bobbin  201,  an  auxiliary  exciting  coil  (or  third  coil) 
204  wound  on  a  hollow  plastic  inner  case  (or  third 
coil  bobbin)  203  (see  Fig.  22)  in  which  the  primary 
exciting  coil  202  is  coaxially  disposed,  a  measuring 

25  coil  (or  second  coil)  206  wound  on  a  hollow  plastic 
outer  case  (second  coil  bobbin)  205  (see  Fig.  22) 
in  which  the  auxliary  exciting  coil  204  is  coaxially 
disposed,  and  a  short  circuit  ring  208  of  coil  fixed 
to  a  float  207  which  moves  upward  and  downward 

30  in  response  to  the  rise  and  fall  of  liquid  level  in  the 
liquid  container. 

The  primary  exciting  coil  202  has  a  length 
sufficiently  enough  for  covering  the  liquid  level 
detecting  range  and  comprises  upper  and  lower 

35  coil  sections  (or  first  and  second  coil  sections) 
2021  and  2022  which  are  connected  in  series  and 
wound  on  the  first  coil  bobbin  201  extending  verti- 
cally.  Similar  to  the  afore-mentioned  embodiments, 
the  winding  density  of  the  upper  coil  section  2021 

40  ■  is  gradually  decreased  from  the  upper  portion  of 
the  first  coil  bobbin  201  to  the  middle  portion  of  the 
same,  and  the  winding  density  of  the  lower  coil 
section  2022  is  gradually  increased  from  the  mid- 
dle  portion  of  the  bobbin  201  to  the  lower  portion  of 

45  the  same.  The  upper  and  lower  coil  sections  2021 
and  2022  are  so  arranged  as  to  generate,  upon 
electric  energization,  respective  magnetic  fluxes 
which  advance  in  the  mutually  opposed  directions. 
The  primary  exciting  coil  202  is  connected  to  the 

so  first  AC  signal  source  18. 
The  auxiliary  exciting  coil  204  has  a  length  of 

about  one  third  of  that  of  the  primary  exciting  coil 
202  and  is  wound  on  a  lower  portion  of  the  third 
coil  bobbin  203  (see  Fig.  22).  The  auxiliary  exciting 

55  coil  204  comprises  upper  and  lower  coil  sections  - 
(or  third  and  fourth  coil  sections)  2041  and  2042 
which  are  connected  in  series.  Similar  to  the  pri- 
mary  exciting  coil  202,  the  winding  density  of  the 

7 
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upper  con  section  ^U4i  is  gradually  decreased 
from  the  upper  end  of  the  auxiliary  exciting  coil  204 
to  the  middle  portion  of  the  same,  and  the  winding 
density  of  the  lower  coil  section  2042  is  gradually 
increased  from  the  middle  portion  of  the  auxiliary 
exciting  coil  204  to  the  lower  end  of  the  same.  The 
upper  and  lower  coil  sections  2041  and  2042  are 
so  arranged  as  to  generate,  upon  electric  ener- 
gization,  respective  magnetic  fluxes  which  advance 
in  the  mutually  opposed  directions.  The  auxiliary 
exciting  coil  204  is  connected  to  the  second  AC 
signal  source  19. 

The  measuring  coil  206  has  a  length  substan- 
tially  equal  to  the  primary  exciting  coil  202  and  is 
wound  on  the  second  coil  bobbin  205.  The  winding 
density  of  the  measuring  coil  206  is  even  through- 
out  the  length  thereof,  as  is  understood  from  Fig. 
21.  Thus,  the  measuring  coil  206  is  magnetically 
coupled  with  both  the  primary  and  auxiliary  exciting 
coils  202  and  204. 

As  is  seen  from  Fig.  22,  the  short  circuit  ring 
208  is  coaxially  disposed  on  the  float  207  which  is 
movable  along  the  length  of  the  second  coil  bobbin 
205  in  response  to  the  fluctuation  of  the  liquid  level 
in  the  container.  Thus,  between  the  short  circuit 
ring  208  and  each  of  the  primary  exciting  coil  202, 
the  auxiliary  exciting  coil  204  and  the  measuring 
coil  206,  there  is  extablished  a  magnetic  coupling. 

In  the'  following,  operation  of  the  liquid  level 
detecting  device  10L  having  the  above-mentioned 
arrangement  will  be  described. 

First,  the  description  will  be  commenced  with 
'espect  to  a  condition  wherein  the  liquid  level  is 
relatively  high,  that  is,  the  container  contains  a 
arge  amount  of  liquid  therein.  In  this  condition,  the 
short  circuit  ring  208  assumes  a  position  to  face  a 
Dart  of  the  upper  coil  section  2021  of  the  primary 
sxciting  coil  202,  as  is  shown  in  Figs.  21  and  22. 
Hius,  for  the  reason  which  has  been  explained  in 
he  first  embodiment  10A,  only  the  magnetic  flux 
jenerated  by  a  part  of  the  lower  coil  section  2022  - 
Viz.,  a  counterpart  of  the  part  of  the  upper  coil 
section  2022  to  which  the  short  circuit  ring  208 
aces)  works  to  make  the  measuring  coil  206  out- 
Hrt  the  induced  electrorhotive  force.  It  is  to  be 
Krted  that,  in  this  condition,  the  auxiliary  exciting 
soil  204  does  not  take  part  in  generation  of  the 
nduced  electromotive  force  due  to  absence  of  the 
ihort  circuit  ring  208.  Accordingly,  when  the  liquid 
evel  in  the  liquid  container  is  relatively  high,  the 
neasuring  coil  206  outputs  an  induced  electromo- 
ive  force  of  the  characteristic  as  depicted  by  the 
eft-half  of  the  wave-form  shown  in  Fig.  24e.  That 
s,  the  induced  electromotive  force  has  a  phase 
K?ual  to  that  of  the  AC  signal  "a"  issued  from  the 

first  AC  signal  source  18  and  has  a  crest  value 
determined  in  accordance  with  the  distance  from 
the  middle  portion  of  the  primary  exciting  coil  202 
to  the  liquid  level  in  the  liquid  container. 

5  Second,  the  description  will  be  directed  to  a 
condition  wherein  the  liquid  level  is  relatively  low, 
that  is,  the  container  contains  only  a  small  amount 
of  liquid  therein.  In  this  condition,  the  short  ring  208 
assumes  a  position  to  face  both  the  lower  coil 

jo  section  2022  of  the  primary  exciting  coil  202  and 
the  auxiliary  exciting  coil  204.  Thus,  a  magnetic 
flux  generated  by  a  part  of  the  upper  coil  section 
2021  (viz.,  a  counterpart  of  the  part  of  the  lower 
coil  section  2022  to  which  the  short  circuit  ring  208 

75  faces)  of  the  primary  exciting  coil  202  and  another 
magnetic  flux  generated  by  either  one  of  upper  and 
lower  coil  sections  2041  and  2042  work  to  make 
the  measuring  coil  206  output  the  induced  elec- 
tromotive  force.  Accordingly,  when  the  liquid  level 

so  in  tie  liquid  container  is  relativeiy  low,  the  measur- 
ing  coil  206  outputs  an  induced  electromotive  force 
of  the  characteristic  as  depicted  by  the  right-half  of 
the  wave-form  shown  in  Fig.  24e.  That  is,  the 
induced  electromotive  force  thus  generated  is  a 

?5  sum  of  the  induced  electromotive  force  which  has 
a  phase  equal  to  that  of  the  AC  signal  "a"  issued 
from  the  AC  signal  source  18  and  has  a  crest  value 
determined  in  accordance  with  the  distance  from 
the  middle  portion  of  the  primary  exciting  coil  202 

30  to  the  liquid  level  in~the  liquid  container  and  the 
other  induced  electromotive  force  which  has  a 
phase  equal  to  that  of  the  AC  signal  "c"  issued 
from  the  second  AC  signal  source  19  and  has  a 
crest  value  determined  in  accordance  with  the  dis- 

?5  tance  from  the  middle  portion  of  the  auxiliary  excit- 
ing  coil  204  (that  is,  the  middle  portion  defined 
between  the  upper  and  lower  coil  sections  2041 
and  2042)  to  the  liquid  level  in  the  liquid  container. 

The  induced  electromotive  force  "e"  (see  Fig. 
<o  24e)  thus  outputted  from  the  measuring  coil  206  is 

applied  to  the  low-pass  filter  23  and  the  high-pass 
filter  24.  As  is  seen  from  the  graph  of  Fig.  24f, 
upon  receiving  the  force  "e",  the  low-pass  filer  23 
outputs  a  voltage  signal  "f"  the  phase  of  which  is 

«  synchronous  with  that  of  the  AC  signal  "a"  from 
the  first  AC  signal  source  18  and  the  crest  value  of 
which  is  determined  in  accordance  with  the  liquid 
level  in  the  liquid  container.  (It  is  to  be  noted  that 
the  phasic  relation  of  the  voltage  signal  "f  "  relative 

c  to  the  AC  signal  "a"  changes  by  180  degrees 
depending  on  whether  the  short  circuit  ring  208  is 
wfthin  the  range  of  the  upper  coil  section  2021  or 
the  tower  coil  section  2022.  While,  the  high-pass 
filter  24  outputs,  only  when  the  liquid  level  is  low,  a 

5  voltage  signal  "g"  (see  Fig.  24g)  the  phase  of 
which  is  synchronous  with  that  of  the  AC  signal  "c" 
from  the  second  AC  signal  source  19  and  the  crest 
value  of  which  is  determined  in  accordance  with 
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the  liquid  level  in  the  liquid  container.  (It  is  to  be 
noted  that  the  phasic  relation  of  the  voltage  signal 
"f"  to  the  AC  signal  "c"  changes  by  180  degrees 
depending  on  whether  the  short  circuit  ring  208  is 
within  the  upper  coil  section  2041  of  the  auxiliary  5 
exciting  coil  204  or  the  lower  coil  section  2042  of 
the  same. 

The  voltage  signal  T  from  the  low-pass  filter 
23  is  treated  by  the  first  detection  circuit  25  in 
accordance  with  the  detection  control  signal  "b"  -  10 
(see  Fig.  24b)  issued  from  the  first  detection  con- 
trol  signal  generating  circuit  21.  Thus,  a  voltage 
signal  "h"  having  a  wave  form  shown  by  Fig.  24h 
is  outputted  from  the  first  detection  circuit  25.  The 
output  signal  "h"  is  fed  to  the  first  smoothing  75 
circuit  27  to  be  smoothed  (see  the  lines  "h'"  in  Fig. 
24h).  The  DC  voltage  "h"*  thus  outputted  from  the 
smoothing  circuit  27  has  such  a  characteristic  as 
shown  by  the  curve  Mh'"  of  the  graph  in  Fig.  23 
due  to  the  above-mentioned  unique  winding  of  the  20 
primary  exciting  coil  202.  The  value  of  the  DC 
voltage  "h""  is  read  by  the  first  voltage  detection 
circuit  29  and  indicated  in  bar-graphic  fashion  by 
the  primary  indicator  321  of  the  double  functioning 
indicator  32.  25 

•  While,  the  voltage  signal  "g"  from  the  high- 
pass  filter  24  is  treated  by  the  second  detection 
circuit  26  in  accordance  with  the  detection  control 
signal  "d"  (see  Fig.  24d)  issued  from  the  second 
detection  control  signal  generating  circuit  22.  Thus,  30 
a  voltage  signal  "i"  having  a  wave  form  as  shown 
by  Fig.  24i  is  outputted  from  the  second  detection 
circuit  26.  The  output  signal  "i"  is  fed  to  the 
second  smoothing  circuit  28  to  be  smoothed  (see 
the  line  T"  in  Fig.  24i).  The  DC  voltage  V   thus  35 
outputted  from  the  smoothing  circuit  28  has  such  a 
characteistic  as  shown  by  the  curve  "i"'  of  the 
graph  in  Fig.  23  due  to  the  above-mentioned 
unique  winding  of  the  auxiliary  exciting  coil  204. 
The  DC  voltage  T"  is  read  by  the  second  voltage  40 
detection  circuit  30  and  indicated  in  digital  fashion 
by  the  secondary  indicator  322  of  the  double  func- 
tioning  indicator  32. 

Referring  to  Fig.  25,  there  is  shown  a  circuit  of 
a  liquid  level  detecting  device  10M  of  a  thirteenth  45 
embodiment  of  the  present  invention.  In  this  em- 
bodiment,  unlike  the  case  of  the  twelfth  embodi- 
ment  10L,  the  upper  and  lower  coil  sections  2021 
and  2022  of  the  primary  exciting  coil  202  are 
connected  in  parallel  with  each  other,  and  the  up-  50 
per  and  lower  coil  sections  2041  and  2042  of  the 
auxiliary  exciting  coil  204  are  connected  in  parallel 
with  each  other,  as  shown  in  the  drawing. 

Referring  to  Fig.  26,  there  is  shown  a  liquid 
level  detecting  device  1  0N  of  a  fourteenth  embodi-  55 
ment  of  the  present  invention.  In  this  embodiment, 
a  metal  ring  208'  constructed  of  for  example  alu- 
minium  or  the  like  is  used  in  place  of  the  short 

circuit  ring  208  of  coii.  The  metal  ring  208'-  con- 
sumes  the  magnetic  energy  on  the  principle  of 
eddy-current  loss.  As  the  short  ring  208,  a  ring 
constructed  of  magnetic  powder-impregnated  plas- 
tic  is  also  usable  in  the  invention. 

If  desired,  the  following  modifications  are  also 
possible  in  the  invention.  One  of  them  is  a  modi- 
fication  in  which  a  suitable  condenser  is  connected 
in  series  with  the  coil  of  the  short  circuit  ring  208  to 
provide  a  resonance  circuit  in  the  same.  With  this, 
a  current  flowing  in  the  circuit  is  increased  thereby 
increasing  the  energy  consumption  of  the  short 
circuit  ring  208.  Accordingly,  the  output  from  the 
measuring  coil  206  is  increased. 

Although  in  the  above-mentioned  embodiments 
10A  to  10N,  the  upper  and  lower  coil  sections  1221 
and  1222  (or  2021  and  2022)  of  the  primary  excit- 
ing  coil  122  (or  202)  and  those  2041  and  2042  of 
the  auxiliary  exciting  coil  204  are  each  arranged  to 
be  symmetrical  with  respect  to  the  middle  portion 
therebetween,  the  primary  and  auxiliary  exciting 
coils  122  (or  202)  and  204  may  each  have  an 
asymmetrical  construction  so  long  as  the  arrange- 
ment  including  afore-mentioned  winding  density  in- 
clination  is  employed. 

Although,  in  the  foregoding  description,  the  coil 
bobbins  are  described  to  be  constructed  of  iron  or 
plastics,  they  may  be  constructed  of  other  material 
If  desired,  an  air-cored  arrangement  may  be  used 
in  the  invention. 

Claims 

1  .  A  device  for  measuring  a  displacement  of  a 
movable  member  relative  to  a  fixed  member  by 
using  an  AC  signal  source,  comprising: 

a  first  coil  mounted  to  said  fixed  member  and 
including  first  and  second  coil  sections  which  are 
electrically  connected  and  coaxially  aligned  along  a 
common  axis  so  that  the  first  coil  has  a  first  ex- 
treme  end  constituting  an  outside  end  of  said  first 
coil  section,  a  middle  portion  defined  between  re- 
spective  inside  ends  of  said  first  and  second  coil 
sections  and  a  second  extreme  end  constituting  an 
Dutside  end  of  said  second  coil  section; 

a  second  coil  mounted  to  said  fixed  member  in  a 
manner  to  establilsh  a  magnetic  coupling  with  said 
first  coil  and  extending  along  said  common  axis; 
and 

a  short  circuit  ring  movable  with  said  movable 
member  and  arranged  to  establish  a  magnetic  cou- 
pling  with  said  first  and  second  coils  and  con- 
structed  to  consume  magnetic  energy; 
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wnertwi  ine  winding  density  ot  eacn  ot  saia  Tirst 
and  second  coil  sections  is  gradually  decreased 
from  the  outside  end  to  the  inside  end  thereof,  and 
the  winding  density  of  said  second  coil  is  substan- 
tially  even  throughout  the  length  of  the  same. 

2.  A  device  as  claimed  in  Claim  1.  in  which 
said  first  and  second  coils  and  said  short  circuit 
ring  are  arranged  coaxially  about  said  common 
axis. 

3.  A  device  as  claimed  in  Claim  2,  in  which 
said  first  coil  is  coaxially  disposed  in  said  second 
coil,  and  in  which  said  short  circuit  ring  is  coaxially 
disposed  about  said  second  coii  in  a  manner  to  be 
movable  along  said  common  axis. 

4.  A  device  as  claimed  in  Claim  3,  in  which 
said  first  coil  is  wound  on  a  first  coil  bobbin. 

5.  A  device  as  claimed  in  Claim  4,  in  which 
said  second  coil  is  wound  on  a  second  coil  bobbin 
in  which  said  first  coil  and  thus  said  first  coil 
bobbin  are  coaxially  disposed. 

6.  A  device  as  claimed  in  Claim  5,  in  which 
said  first  coil  bobbin  is  of  a  metal  core  type. 

7.  A  device  as  claimed  in  Claim  5,  in  which 
said  first  and  second  coil  bobbins  are  constructed 
3f  a  non-magnetic  material. 

8.  A  device  as  claimed  in  Claim  4,  in  which 
said  first  coil  bobbin  is  of  an  air-cored  type. 

9.  A  device  as  claimed  in  Claim  3,  in  which 
said  short  circuit  ring  is  a  closed  circuit  coil. 

10.  A  device  as  claimed  in  Claim  3,  in  which 
said  short  circuit  ring  is  an  annular  member  con- 
structed  of  electrically  conductive  material. 

11.  A  device  as  claimed  in  Claim  10,  in  which 
said  annular  member  is  an  annular  metal  plate. 

12.  A  device  as  claimed  in  Claim  1,  in  which 
said  first  and  second  coil  sections  of  said  first  coil 
ire  connected  in  series. 

13.  A  device  as  claimed  in  Claim  1,  in  which 
said  first  and  second  coil  sections  of  said  first  coil 
ire  connected  in  parallel. 

14.  A  device  as  claimed  in  Claim  1,  in  which  an 
»nd  portion  of  said  second  coil  section  which  in- 
cudes  said  second  extreme  end  and  an  end  por- 
ion  of  said  second  coil  which  faces  said  end 
xjrtion  of  said  second  coil  section  are  bent  with 
espect  to  the  common  axis. 

15.  A  device  as  claimed  in  Claim  1,  in  which 
aid  first  coil  is  connected  with  said  AC  signal 
ource  to  be  fed  with  an  AC  signal. 

16.  A  device  as  claimed  in  Claim  1,  in  which 
aid  second  coil  is  connected  with  said  AC  signal 
ource  to  be  fed  with  an  AC  signal. 

17.  A  device  as  claimed  in  Claim  1,  further 
:omprising  a  rectangular  frame-like  core  which  has 
•ne  column  portion  about  which  said  first  coil  is 
round  and  the  other  column  portion  about  which 
aid  second  coil  is  wound. 

18.  A  device  as  claimed  in  Claim  1,  further 
comprising  two  additional  coils  of  increased  num- 
ber  of  turns,  said  additional.coils  being  connected 
to  said  first  and  second  extreme  ends  of  said  first 

s  coil,  respectively. 
19.  A  device  as  claimed  in  Claim  5,  further 

comprising  two  additional  coils  of  increased  num- 
ber  of  turns,  said  two  additional  coils  being  respec- 
tively  housed  in  axially  opposed  end  portions  of 

70  said  second  coil  bobbin. 
20.  A  device  as  claimed  in  Claim  19,  in  which 

said  axially  opposed  end  portions  are  constructed 
to  serve  as  stoppers  for  restricting  movement  of 
said  movable  member. 

75  21.  A  device  as  claimed  in  Claim  19,  in  which 
said  first  coil  is  connected  through  said  additional 
coils  to  said  AC  signal  source  to  be  fed  with  an  AC 
signal. 

22.  A  device  as  claimed  in  Claim  19,  in  which 
so  said  second  coil  is  connected  with  said  AC  signal 

source  to  be  fed  with  an  AC  signal. 
23.  A  device  as  claimed  in  Claim  19,  further 

comprising  a  cylindrical  case  which  receives  there- 
in  a  unit  including  said  first  and  second  coils,  said 

?5  two  additional  coils  and  the  short  circuit  ring-moun- 
ted  movable  member,  said  cylindrical  case  having 
a  plurality  of  holes  for,  when  mounted  in  a  liquid 
container,  providing  a  fluid  communication  between 
the  interior  of  the  case  and  the  exterior  of  the 

w  same. 
24.  A  device  as  claimed  in  Claim  23,  in  which 

said  cylindrical  case  is  formed  with  spaced  stop- 
pers  for  restricting  movement  of  said  movable 
member. 

ts  25.  A  device  as  claimed  in  Claim  1,  further 
comprising  a  third  coil  connected  to  said  fixed 
member  and  extending  along  the  common  axis 
within  the  range  between  said  middle  portion  and 
said  second  extreme  end,  said  third  coil  including 

v  third  and  fourth  coil  sections  which  are  electrically 
connected  and  coaxially  aligned  so  that  said  third 
coil  has  a  third  extreme  end  constituting  an  outside 
end  of  said  third  coil  section,  a  middle"  portion 
defined  between  respective  inside  ends  of  said 

5  third  and  fourth  coil  sections  and  a  fourth  extreme 
end  constituting  an  outside  end  of  said  fourth  coil 
section,  wherein  said  third  and  fourth  coil  sections 
of  the  third  coil  are  so  arranged  as  to  generate, 
upon  electric  energization,  respective  magnetic 

o  fluxes  which  advance  in  the  mutually  opposed  di- 
rections,  and  wherein  the  winding  density  of  each 
of  said  third  and  fourth  coil  sections  is  gradually 
decreased  from  the  outside  end  to  the  inside  end 
thereof. 

5  26.  A  device  as  claimed  in  Claim  5,  further 
comprising  a  third  coil  connected  to  said  fixed 
member  and  coaxially  disposed  about  said  first  coil 
to  extend  along  the  common  axis  within  the  range 

J 
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between  said  middle  portion  and  said  second  ex- 
treme  end,  said  third  coil  including  third  and  fourth 
coil  sections  which  are  electrically  connected  and 
coaxially  aligned  so  that  said  third  coil  has  a  third 
extreme  end  constituting  an  outside  end  of  said  s 
third  coil  section,  a  middle  portion  defined  between 
respective  inside  ends  of  said  third  and  fourth  coil 
sections  and  a  fourth  extreme  end  constituting  an 
outside  end  of  said  fourth  coil  section,  wherein  said 
third  and  fourth  coii  sections  of  the  third  coil  are  so  w 
arranged  as  to  generate,  upon  electric  energization, 
respective  magnetic  fluxes  which  advance  in  the 
mutually  opposed  directions,  and  wherein  the  wind- 
ing  density  of  each  of  said  third  and  fourth  coil 
sections  is  gradually  decreased  from  the  outside  75 
end  to  the  inside  end  thereof. 

27.  A  device  as  claimed  in  Claim  26,  in  which 
said  third  coil  is  coaxially  wound  on  a  third  coil 
bobbin,  said  third  coil  bobbin  being  disposed  be- 
tween  said  first  coil  bobbin  and  said  second  coii  20 
bobbin. 

28.  A  device  as  claimed  in  Claim  27,  in  which 
said  first  coil  is  connected  with  said  AC  signal 
source  to  be  fed  with  an  AC  signal  and  in  which 
said  third  coil  is  connected  with  another  AC  signal  25 
source  to  be  fed  with  an  AC  signal. 

29.  A  device  as  claimed  in  Claim  26,  in  which 
said  first  and  second  coil  sections  of  said  first  coil 
are  connected  in  series. 

30.  A  device  as  claimed  in  Claim  29,  in  which 
said  third  and  fourth  coil  sections  of  said  third  coil 
are  connected  in  series. 

31.  A  device  as  claimed  in  Claim  29,  in  which 
said  third  and  and  fouth  coil  sections  of  said  third 
coil  are  connected  in  Darallel. 

32.  A  device  as  claimed  in  Claim  22,  in  which 
said  first  and  second  coil  sections  of  said  first  coil 
are  connected  in  parallel. 

33.  A  device  as  claimed  in  Claim  32,  in  which 
said  third  and  fourth  coil  sections  of  said  third  coil 
are  connected  in  series. 

34.  A  device  as  claimed  in  Claim  32,  in  which 
said  third  and  fourth  coil  sections  of  said  third  coil 
are  connected  in  parallel. 

35.  A  device  as  claimed  in  Claim  1,  in  which 
said  first  and  second  coil  sections  of  sid  first  coil 
are  so  arranged  as  to  generate,  upon  electric  ener- 
gization  of  said  first  coil,  respective  magnetic 
fluexes  which  advance  in  the  mutually  opposed 
directions. 

36.  A  device  as  claimed  in  Claim  1,  in  which 
said  first  and  second  coil  sections  of  said  first  coil 
are  so  arranged  as  to  generate,  upon  electric  ener- 
gization  of  said  second  coil,  respective  induced 
electromotive  forces  which  are  applied  in  the  mutu- 
ally  opposed  directions. 
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