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@  Strain  gage. 
(57)  A  strain  gage  (1)  includes  a  pair  of  coils  (16-1,  16-2)  printed 
on  one  face  of  a  substrate  (11)  and  an  amorphous  magnetic 
metallic  plate  (13)  arranged  on  the  other  face  of  said  substrate 
(11)  and  having  magnetostrictive  effect.  Magnetic  flux  gener- 
ated  by  one  (16-1)  of  the  paired  coils  passes  through  the 
amorphous  magnetic  metallic  plate  (13)  and  links  with  the  other 
(16-2)  of  the  coils.  When  load  is  added  to  an  object  to  be 
measured  and  strain  of  the  object  is  caused  by  the  load  added, 
therefore,  the  magnetic  permeability  of  the  amorphous  mag- 
netic  metallic  plate  (13)  is  changed,  due  to  the  magnetostrictive 
effect,  in  response  to  the  load  added.  The  density  of  the 
magnetic  flux  passing  through  the  magnetic  metallic  plate  (13) 
is  also  changed  responsive  to  this  changing  magnetic  per- 
meability  and  composite  inductance  of  the  paired  coils  (16-1, 
1  6-2)  is  then  changed  responsive  to  the  changing  density  of  the 
magnetic  flux.  The  strain  gage  (1)  outputs  detection  signal, 
which  represents  the  changing  density  of  the  magnetic  flux, 
thereby  measuring  the  load  added  or  strain  of  the  object 
caused  by  the  load  added.  The  detecting  sensitivity  of  the  strain 
gage  is  more  remarkably  enhanced  as  compared  with  that  of 
the  conventional  one.  Further,  the  strain  gage  has  a  higher 
reliability  and  can  be  handled  with  more  easiness. 

14 —  "? 

CM 
<  

<y> 
1^ 
* t  

CD 
CM 
CO 

F I G .   1 
Q. 
LLJ 

Bundesdruckerei  Berlin 



EP  0  329  479  A2 

Description 

Strain  gage 

type  is  hardly  used. 
There  is  thus  needed  a  strain  gage  which  has 

higher  detecting  sensitivity  and  reliability  and  which 
can  be  handled  with  more  easiness. 

The  object  of  the  present  invention  is  to  provide  a 
strain  gage,  simpler  in  construction,  having  higher 
detecting  sensitivity  and  reliability  and  capable  of 
being  handled  with  more  easiness. 

According  to  the  present  invention,  there  is 
provided  a  strain  gage  bonded  to  an  object  to  be 
measured  and  capable  of  outputting  detection  signal 
which  represents  load  added  to  the  object  or  strain 
of  the  object  caused  by  the  load  added,  when  the 
load  is  added  to  the  object  and  the  object  is 
deformed  by  the  load  added  to  have  strain,  said 
strain  gage  comprising  a  substrate  having  a'  pair  of 
faces  opposite  to  each  other  and  flexibility;  a  pair  of 
coils  printed  on  one  face  of  the  substrate,  each  of 
said  coils  having  a  spiral  pattern  and  said  paired  coils 
being  positioned  in  such  a  way  that  magnetic  flux 
generated  by  one  of  these  coils  links  with  the  other 
coil  when  alternating  signal  is  supplied  to  these 
coils;  an  amorphous  magnetic  metallic  plate  (or 
ribbon)  having  magnetostrictive  effect  which  causes 
the  magnetic  permeability  of  said  amorphous  mag- 
netic  metallic  plate  to  be  changed  responsive  to  the 
load  added  to  the  object,  said  amorphous  magnetic 
metallic  plate  being  located  on  one  of  the  opposite 
faces  of  the  substrate  so  that  at  least  a  part  of  the 
magnetic  flux  generated  by  one  of  the  paired  coils 
form  a  closed  magnetic  circuit,  passing  through  the 
amorphous  magnetic  metallic  plate,  and  linking  with 
the  other  coil  and  then  with  the  one;  and  means  for 
electrically  insulating  the  amorphous  magnetic  me- 
tallic  plate  from  the  paired  coil;  wherein  when  the 
load  is  added  to  the  object  to  be  measured  and 
strain  of  the  object  is  thus  caused  by  the  load  added, 
the  magnetic  permeability  of  said  amorphous  mag- 
netic  metallic  plate  is  changed  in  response  to  the 
load  added,  the  density  of  the  magnetic  flux  passing 
through  the  amorphous  magnetic  metallic  plate  is 
changed  as  the  magnetic  permeability  of  the 
amorphous  magnetic  metallic  plate  changes,  and 
composite  inductance  of  the  paired  coils  is  changed 
in  response  to  the  change  of  this  flux  density,  so  that 
detection  signal  which  represents  the  change  of  this 
composite  inductance  can  be  outputted  and  pro- 
cessed  by  the  strain  gage  to  measure  the  load 
added  or  strain  caused  in  the  object  by  the  load 
added. 

The  strain  gage  according  to  the  present  invention 
includes  only  at  least  two  plate  members  and  a  pair 
of  coils  printed  on  one  of  these  plates.  This  can 
make  the  strain  gage  extremely  simple  in  construc- 
tion  and  extremely  thin  in  thickness. 

As  will  be  described  later,  the  strain  gage  has  a 
gage  factor  (or  index  of  detecting  sensitivity)  of 
120  -  250,  which  tells  that  the  detecting  sensitivity  of 
the  strain  gage  is  relatively  high. 

Even  when  the  temperature  of  the  amorphous 
magnetic  metallic  plate  changes,  its  magnetostric- 

The  present  invention  relates  to  a  strain  gage  for 
detecting  load  added  to  a  structural  member  and 
strain  thus  caused  in  the  structural  member  when  5 
the  structural  member  is  elastically  deformed  by  the 
load  added. 

When  load  is  added  to  a  structural  member  and 
strain  is  thus  caused  in  it  by  the  load  added,  this  load 
or  strain  is  detected  using  various  types  of  strain  10 
gages.  One  of  these  strain  gages  is  of  the  metal 
resistance  type,  which  has  a  metal  resistance. 

When  load  added  or  strain  thus  caused  by  the 
load  is  to  be  detected,  the  strain  gage  of  this  type  is 
bonded  to  the  structural  member.  The  resistance  15 
value  of  the  metal  resistance  changes  in  response  to 
the  load  added  and  detection  signal  which  repre- 
sents  this  change  of  the  resistance  value  is 
outputted.  The  load  is  thus  measured  and  the  strain 
is  obtained  from  the  load  measured  because  the  20 
strain  is  in  proportional  to  the  load.  The  strain  gage 
of  this  type  is  more  frequently  used  as  compared 
with  those  of  the  other  types  because  its  handling  is 
relatively  easier  and  its  reliability  is  relatively  higher. 

However,  the  strain  gage  of  this  type  is  relatively  25 
lower  in  its  detecting  sensitivity.  Two  measures  are 
sometimes  employed  to  enhance  its  detecting 
sensitivity. 

When  the  rigidity  of  the  structural  member  is 
relatively  high,  the  first  measure  employed  is  to  30 
increase  the  gain  of  detection  signal.  When  the  gain 
of  detection  signal  is  increased  like  this,  however, 
SN  ratio  of  detection  signal  becomes  low. 

When  drive  force  generated  by  the  arm  of  a  robot 
which  is  the  structural  member  is  to  be  measured  or  35 
when  load  added  to  the  arm  of  the  robot  is  to  be 
measured,  the  second  measure  employed  is  to 
make  relatively  low  the  rigidity  of  that  portion  of  the 
arm  to  which  the  strain  gage  is  bonded.  That  portion 
of  the  arm  to  which  the  strain  gage  is  bonded  can  be  40 
thus  elastically  deformed  to  a  great  extent  to  change 
detection  signal.  The  detecting  sensitivity  of  the 
strain  gage  can  be  enhanced  accordingly.  When  the 
rigidity  of  the  arm  is  made  low,  however,  its  response 
capacity  is  worsened.  45 

This  leads  to  a  conclusion  that  the  two  measures 
which  are  employed  to  enhance  the  detecting 
sensitivity  of  the  strain  gage  are  not  preferable. 

The  strain  gage  whose  detecting  sensitivity  is 
relatively  higher  is  of  the  semiconductor  type.  In  the  50 
case  of  this  strain  gage  of  the  semiconductor  type, 
however,  its  detection  characteristic  changes  as  its 
temperature  changes.  Unless  its  temperature  is  kept 
in  a  certain  range,  therefore,  detection  signal 
outputted  from  it  is  not  correct.  This  strain  gage  is  55 
low  in  reliability  because  of  its  possibility  of  creating 
detection  errors.  In  addition,  its  handling  is  trouble- 
some  because  its  temperature  must  be  controlled. 
Furthermore,  it  is  difficult  to  perform  complementary 
temperature  compensation  using  two  through  four  60 
gages,  since  characteristic  change  rate  caused  by 
change  in  temperature  is  different  from  gage  to 
gage.  This  is  the  reason  why  the  strain  gage  of  this 
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tive  effect  is  not  changed  in  the  case  of  this  strain 
gage.  Even  when  the  temperature  of  the  strain  gage 
is  not  kept  in  a  certain  range,  therefore,  detection 
signal  outputted  can  be  correct.  The  strain  gage 
thus  has  high  reliability  in  that  it  has  almost  no 
possibility  of  causing  errors  in  detecting  the  load 
added  or  strain  caused  by  the  load.  It  can  also  be 
handled  with  easiness  in  that  its  temperature  is  not 
needed  to  be  under  control.  In  reality,  inductance  will 
slightly  change  with  temperature,  since  magnetic 
permeability  will  slightly  change  with  temperature. 
However,  the  difference  between  gages  in  induct- 
ance  change  rate  caused  by  temperature  is  neglig- 
ibly  small.  Therefore,  temperature  compensation 
may  be  easily  performed  by  a  differential  system 
which  uses,  for  instance,  two  gages. 

Apparent  from  the  above,  the  strain  gage  accord- 
ing  to  the  present  invention,  simpler  in  construction, 
has  higher  detecting  sensitivity  and  reliability  and  it 
can  be  handled  with  more  easiness. 

This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in 
conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  perspective  view  showing  a  first 
example  of  the  strain  gage  according  to  the 
present  invention  dismantled; 

Fig.  2  is  a  front  view  showing  the  strain  gage 
in  Fig.  1  ; 

Fig.  3  shows  the  front  view  in  Fig.  2  in  more 
detail  to  explain  how  the  strain  gage  in  Fig.  1 
functions; 

Fig.  4  is  a  graph  showing  the  relation  between 
pulling  or  compressing  force  added  to  an 
amorphous  magnetic  metallic  plate  of  the  strain 
gage  and  changing  magnetic  permeability  of  the 
amorphous  magnetic  metallic  plate; 

Fig.  5  shows  two  strain  gages  bonded  to  a 
structural  member  to  detect  load  added  to  the 
structural  member  or  strain  caused  in  the 
structural  member  by  the  load  added; 

Fig.  6  is  a  circuit  diagram  intended  to  process 
detection  signal  which  represents  the  changing 
composite  inductance  of  paired  coils  in  the 
strain  gage; 

Fig.  7  is  intended  to  explain  how  pulling  or 
compressing  force  is  added  to  a  structural 
me.mber  when  the  structural  member  is  elasti- 
caily  deformed  by  load  added; 

Fig.  8  is  a  graph  showing  the  relation  between 
signal  (or  potential  difference)  outputted  from 
the  signal  processing  circuit  in  Fig.  6  and  load 
added  to  the  structural  member; 

Fig.  9  is  a  perspective  view  showing  a  second 
example  of  the  strain  gage  according  to  the 
present  invention  dismantled; 

Fig.  1  0  is  a  front  view  showing  the  strain  gage 
in  Fig.  9; 

Fig.  1  1  shows  the  front  view  in  Fig.  10  in  more 
detail  to  explain  how  the  strain  gage  in  Fig.  9 
functions; 

Fig.  12  is  a  front  view  showing  a  part  (or  a 
substrate  and  two  pairs  of  coils)  of  a  third 
example  of  the  strain  gage  according  to  the 
present  invention; 

Fig.  13  is  a  plan  showing  a  part  (or  a  substrate 
and  two  pairs  of  coils)  of  the  strain  gage  in 
Fig.  12; 

Fig.  14  is  a  sectional  view  showing  a  fourth 
5  example  of  the  strain  gage  according  to  the 

present  invention; 
Fig.  15  shows  the  sectional  view  in  Fig.  14  in 

more  detail  to  explain  how  the  strain  gage  in 
Fig.  14functions; 

10  Fig.  16  is  a  sectional  view  showing  a  fifth 
example  of  the  strain  gage  according  to  the 
present  invention;  and 

Fig.  17  shows  the  sectional  view  in  Fig.  16  in 
more  detain  to  explain  how  the  strain  gage  in 

15  Fig.  16  functions. 
Figs.  1  and  2  show  a  first  example  of  the  strain 

gage  according  to  the  present  invention.  Strain 
gage  1  includes  coil  substrate  11  having  flexibility 
and  insulating  ability,  thin  insulating  sheet  12  bonded 

20  to  the  underside  of  coil  substrate  11,  amorphous 
magnetic  metallic  plate  13  bonded  to  the  underside 
of  insulating  sheet  12,  and  insulating  sheet  14 
bonded  to  the  top  of  coil  substrate  11. 

Coil  substrate  1  1  is  made  of  Mylar  and  shaped  like 
25  a  rectangle  having  two  long  sides  and  two  short 

sides.  It  is  0.03  mm  thick,  its  short  side  (or  width)  is 
12  mm  and  its  long  side  (or  length)  is  30  mm,  for 
example. 

A  pair  of  coils  16-1  and  16-2  are  printed  on  the  top 
30  (or  upper  face)  of  substrate  1  1  .  In  other  words,  a  pair 

of  printed  wires  are  spiraled  on  the  top  of  substrate 
11  in  the  same  direction  to  form  paired  coils  16-1  and 
16-2,  which  are  arranged  on  the  top  of  substrate  11 
in  the  longitudinal  direction  thereof. 

35  Terminals  17-1  and  17-2  are  also  printed  on  the 
top  of  substrate  11.  Each  of  the  printed  wires  by 
which  coils  16-1  and  16-2  are  formed  has  an  end 
positioned  at  the  outermost  end  of  the  spiral  and 
another  end  positioned  at  the  innermost  end  of  the 

40  spiral.  The  outermost  end  of  the  printed  wire  or  coil 
16-1  is  connected  to  terminal  17-1  through  connect- 
ing  wire  18-1  printed  on  the  top  of  substrate  1  1  .  The 
outermost  end  of  the  printed  wire  or  coil  16-2  is  also 
connected  to  terminal  17-2  via  connecting  wire  18-2 

45  printed  on  the  top  of  substrate  11.  A  second 
connecting  wire  19  is  printed  on  the  underside  of 
substrate  11.  Both  ends  of  this  printed  connecting 
wire  19  are  connected  to  the  innermost  ends  of  the 
printed  wires  or  coils  16-1  and  16-2,  respectively, 

50  passing  through  substrate  11.  The  paired  coils  16-1 
and  16-2  are  thus  connected  each  other  in  series. 
When  current  or  alternating  signal  is  supplied  to 
coils  16-1  and  16-2,  therefore,  they  generate  mag- 
netic  fluxes  directed  reverse  to  each  other. 

55  Insulating  sheets  12  and  14  are  made  by  insulating 
paper  or  macromolecular  sheet  and  each  of  them  is 
shaped  like  a  rectangle  having  two  long  sides  and 
two  short  sides.  The  short  side  of  each  of  these 
insulating  sheets  12  and  14  is  same  in  length  as  that 

60  of  coil  substrate  11  while  the  long  side  thereof  has 
such  a  length  as  can  overlap  two  of  coils  16-1  and 
16-2  but  is  shorter  than  that  of  the  substrate.  They 
are  0.03  mm  thick,  for  example. 

Amorphous  magnetic  metallic  plate  (or  ribbon)  13 
65  is  shaped  like  a  rectangle  having  two  long  sides  and 
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structural  member  P  by  load  W  added  is  to  be 
measured.  The  device  for  measuring  the  load  added 
or  strain  caused  by  the  load  added  includes  two  of 
the  above-described  strain  gages  and  a  circuit  for 

5  processing  detection  signal  supplied  from  the  two 
strain  gages. 

As  shown  in  Fig.  5,  a  pair  of  strain  gages  1-1  and 
1-2  are  bonded  to  the  top  and  underside  of 
structural  member  P.  Amorphous  magnetic  metallic 

10  plate  1  3  of  each  of  the  strain  gages  is  contacted  with 
structural  member  P  in  this  case  and  the  longitudinal 
direction  of  metallic  plate  13  is  aligned  with  the 
vertical  axis  of  structural  member  P  while  being 
made  perpendicular  to  the  direction  of  load  W 

15  added. 
According  to  the  signal  processing  circuit,  bridge 

circuit  33  comprises  two  resistances  31  and  32,  pair 
of  coils  16-1  and  16-2  of  strain  gage  1-1,  and  another 
pair  of  coils  16-1  and  16-2  of  strain  gage  1-2..  In  the 

20  case  of  this  bridge  circuit  33,  alternating  signal 
source  34  is  connected  between  terminal  25  located 
between  resistances  31  and  32  and  terminal  26 
located  between  strain  gages  1-1  and  1-2.  Namely, 
alternating  signals  which  are  certain  in  amplitude  are 

25  supplied  from  alternating  signal  source  34  to  the 
circuit  between  terminals  25  and  26.  Further, 
differential  amplifier  35  is  connected  between  termi- 
nal  27  located  between  resistance  31  and  strain 
gage  1-1  and  terminal  28  located  between  resistance 

30  32  and  strain  gage  1-2.  Potential  difference  between 
the  intermediate  points  of  bridge  circuit  33  (or 
potential  difference  between  terminals  27  and  28)  is 
introduced  into  and  amplified  by  differential  amplifier 
35.  The  output  of  differential  amplifier  35  is  intro- 

35  duced  into  phase  detector  circuit  36  and  detected 
and  rectified  there  responsive  to  the  phase  dif- 
ference  between  the  signal  supplied  from  alternating 
signal  source  34  and  the  output  introduced.  The 
output  of  this  phase  detector  circuit  36  is  flattened 

40  by  filter  circuit  37  to  gain  DC  output  voltage  Vo  or 
output  signal.  This  DC  output  voltage  Vo  corre- 
sponds  to  the  amount  of  change  of  composite 
inductance  in  the  coils  of  the  strain  gage  (or  load  W), 
as  will  be  described  later. 

45  It  will  be  described  how  the  device  provided  with 
the  strain  gages  and  the  signal  processing  circuit 
functions. 

When  load  W  is  added  to  structural  member  P  and 
structural  member  P  is  elastically  deformed  by  load 

50  P  added,  as  shown  in  Fig.  7,  pulling  force  F  which 
corresponds  to  load  W  acts  on  amorphous  magnetic 
metallic  plate  1  3  of  strain  gage  1  -1  .  As  the  result,  the 
magnetic  permeability  of  plate  13  becomes  small. 
The  composite  inductance  of  coils  16-1  and  16-2  of 

55  strain  gage  1-1  thus  becomes  smaller  than  before 
load  W  acts  on  structural  member  P. 

On  the  other  hand,  compressing  force  -F  which 
corresponds  to  load  W  acts  on  amorphous  magnetic 
metallic  plate  13  of  the  other  strain  gage  1-2  when 

60  structural  member  P  is  elastically  deformed  by  load 
W.  As  the  result,  the  magnetic  permeability  of  plate 
13  becomes  large.  The  composite  inductance  of 
coils  16-1  and  16-2  of  strain  gage  1-2  thus  becomes 
larger  than  before  load  W  is  added  to  structural 

65  member  P. 

two  short  sides.  The  short  side  of  magnetic  metallic 
plate  13  is  same  in  length  as  that  of  substrate  11 
while  the  long  side  thereof  has  such  a  length  as  can 
overlap  two  of  coils  16-1  and  16-2  but  is  shorter  than 
that  of  the  substrate.  Amorphous  magnetic  metallic 
plate  13  has  a  composition  of  (Fei-xCOx)78Si8Bi4,  for 
example,  and  it  is  30  jim  thick,  for  example. 

Amorphous  magnetic  metallic  plate  13  has  mag- 
netostrictive  effect,  which  represents  that  the  mag- 
netic  permeability  of  amorphous  magnetic  metallic 
plate  13  changes  remarkably  when  pulling  or 
compressing  force  is  added  to  amorphous  magnetic 
metallic  plate  13.  More  specifically,  the  magnetic 
permeability  becomes  small  when  pulling  force  is 
added  to  amorphous  magnetic  metallic  plate  13 
while  it  becomes  large  when  compressing  force  is 
added  to  plate  13.  Amorphous  magnetic  metallic 
plate  13  is  subjected  to  magnetic  anisotropy  treat- 
ment  such  that  the  longitudinal  direction  of  amor- 
phous  magnetic  metallic  plate  13  (or  direction  of 
aligning  coils  16-1  and  16-2  on  the  top  of  substrate 
11)  meets  that  of  the  easy  magnetization  of 
amorphous  magnetic  metallic  plate  13  at  predeter- 
mined  angles,  ex.  45°. 

The  function  of  this  strain  gage  will  be  described 
referring  to  Figs.  3  and  4. 

When  current  or  alternating  signal  is  supplied  to 
coils  16-1  and  16-2  through  terminals  17-1  and  17-2, 
coils  16-1  and  16-2  generate  magnetic  fluxes 
directed  reverse  to  each  other.  The  magnetic  fluxes 
generated  by  coils  16-1  and  16-2  thus  form  a  closed 
magnetic  circuit  as  shown  by  arrows  in  Fig.  3.  The 
most  of  the  magnetic  flux  generated  by  one  of  these 
coils  links  the  other  coil  while  passing  through 
amorphous  magnetic  metallic  plate  13  in  the  longi- 
tudinal  direction  thereof. 

When  load  added  to  an  object  to  be  measured  or 
strain  caused  in  the  object  by  the  load  added  is  to  be 
measured,  strain  gage  1  is  bonded  to  the  object. 
When  load  is  added  to  the  object  and  strain  is 
caused  in  the  object  by  the  load  added,  pulling  or 
compressing  force  acts  on  amorphous  magnetic 
metallic  plate  13  of  strain  gage  1  in  the  longitudinal 
direction  of  plate  13.  When  pulling  force  is  added  to 
amorphous  magnetic  metallic  plate  13,  the  magnetic 
permeability  of  plate  13  becomes  small,  while  when 
compressing  force  is  added  to  it,  its  magnetic 
permeability  becomes  large,  as  shown  in  Fig.  4.  The 
density  of  the  magnetic  flux  passing  through 
amorphous  magnetic  metallic  plate  13  changes  in 
response  to  the  changing  magnetic  permeability  of 
plate  13.  The  composite  inductance  of  coils  16-1  and 
16-2  changes  responsive  to  the  changing  density  of 
the  magnetic  flux.  The  amount  of  change  of  this 
composite  inductance,  therefore,  corresponds  to 
the  load  added  to  the  object  as  well  as  the  pulling  or 
compressing  force  added  to  plate  13.  When  strain 
gage  1  outputs  detection  signal  which  represents 
the  changing  composite  inductance  and  this  detec- 
tion  signal  is  processed,  therefore,  the  load  added 
can  be  measured.  Strain  can  be  calculated  from  the 
load  added,  because  strain  is  proportional  to  load. 

Referring  to  Figs.  5  and  6,  there  will  be  described  a 
case  where  structural  member  P  is  elastically 
deformed  by  load  W  and  strain  thus  caused  in 
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temperature  of  plate  13  changes.  Signal  can  be 
detected  correctly  even  when  the  temperature  of  the 
strain  gage  is  not  kept  in  the  certain  range. 
Therefore,  the  strain  gage  of  the  present  invention 

5  has  a  higher  reliability  because  no  detection  error  is 
caused,  and  its  handling  is  easier  because  its 
temperature  need  not  be  controlled. 

Further,  strain  gage  1  comprises  substrate  11, 
amorphous  magnetic  metallic  plate  13,  insulating 

10  plates  12,  14  and  coils  16-1,  16-2  printed  on 
substrate  1  1  .  Therefore,  strain  gage  1  can  be  made 
extremely  simpler  in  construction  and  it  can  also  be 
made  extremely  thinner. 

Figs.  9  through  11  show  a  second  example  of  the 
15  strain  gage  according  to  the  present  invention. 

Although  amorphous  magnetic  metallic  plate  13  has 
been  attached  only  to  the  top  of  substrate  11  in  the 
case  of  the  first  strain  gage,  a  pair  of  amorphous 
magnetic  metallic  plates  13  are  attached  to  the  top 

20  and  underside  of  substrate  11  in  the  case  of  the 
second  strain  gage.  Magnetic  fluxes  generated  by 
coils  16-1  and  16-2  pass  through  paired  amorphous 
magnetic  metallic  plates  13  in  the  .  longitudinal 
direction  thereof,  as  shown  by  arrows  21  in  Fig.  11. 

25  The  ratio  of  that  magnetic  flux  which  passes  through 
the  amorphous  magnetic  metallic  plates  relative  to 
all  of  the  magnetic  fluxes  generated  by  the  coils  is 
larger  than  in  the  case  of  the  first  strain  gage. 
Therefore,  the  density  of  the  magnetic  flux  changes, 

30  responsive  to  the  pulling  or  compressing  force 
acting  on  amorphous  magnetic  metallic  plates  13,  to 
an  extent  greater  than  in  the  first  strain  gage.  As  the 
result,  the  composite  inductance  of  the  coils  shows 
a  greater  change  as  compared  with  the  first  strain 

35  gage.  The  detecting  sensitivity  of  the  second  strain 
gage  is  higher  than  that  of  the  first  one. 

Test  results  obtained  using  the  second  strain 
gage  were  as  follows  and  the  strain  gage  used  for 
the  test  was  specified  as  follows.  Each  of  amor- 

40  phous  magnetic  metallic  plates  13  was  0.03  mm 
thick,  the  interval  between  paired  amorphous  mag- 
netic  metallic  plates  13  was  0.2  mm,  each  of  coils 
16-1  and  16-2  had  30  turns,  and  the  distance 
between  the  centers  of  paired  coils  16-1  and  16-2 

45  was  10  mm.  When  a  strain  of  400  x  10~6  is  added  to 
amorphous  magnetic  metallic  plates  13,  the  compo- 
site  inductance  of  the  coils  was  more  than  10%. 
When  this  value  is  changed  to  gage  factor,  it  is  more 
than  250.  As  apparent  from  this,  the  detecting 

50  sensitivity  of  the  second  strain  gage  is  more 
enhanced  that  that  of  the  first  one. 

Paired  amorphous  magnetic  metallic  plates  13  are 
attached  to  both  sides  of  substrate  1  1  in  the  case  of 
the  second  strain  gage.  This  strain  gage  may  be  thus 

55  made  thicker  than  the  first  one.  Even  when  the 
amorphous  magnetic  metallic  plate  is  made  thin, 
however,  its  magnetostrictive  effect  can  be  kept 
unchanged.  When  both  of  the  amorphous  magnetic 
metallic  plates  are  made  relatively  thin,  therefore,  the 

60  strain  gage  can  be  refrained  from  becoming  thick. 
Even  when  a  pair  of  the  amorphous  magnetic 
metallic  plates  are  attached  to  both  sides  of  the 
substrate,  the  thickness  of  the  second  strain  gage 
cannot  be  more  remarkably  increased,  as  compared 

65  with  the  first  one. 

When  load  W  acts  on  structural  member  P, 
potential  difference  between  the  intermediate  points 
of  bridge  circuit  33  corresponds  to  the  amount  of 
change  of  the  composite  inductance  in  the  two- 
paired  coils  of  the  paired  strain  gages  (or  load  W), 
providing  that  the  potential  difference  is  set  zero 
keeping  structural  member  P  free  from  load  W.  This 
potential  difference  is  supplied,  as  an  output,  to  filter 
circuit  37  via  differential  amplifier  35  and  phase 
detector  circuit  36  and  picked  up  as  an  output  signal 
or  DC  output  voltage  Vo.  As  shown  in  Fig.  8, 
therefore,  this  output  signal  or  DC  output  voltage  Vo 
is  proportional  to  load  W.  When  DC  output  voltage 
Vo  is  measured,  therefore,  load  W  can  be  measured 
and  strain  caused  by  load  W  can  also  be  measured. 

Test  results  obtained  using  the  first  example  of 
the  strain  gage  will  be  shown. 

Gage  factor  which  represents  the  index  of 
sensitivity  of  the  strain  gage  is  used  to  evaluate  the 
test  results  obtained.  The  gage  factor  in  the  case  of 
the  strain  gage  of  the  metal  resistance  type  can  be 
obtained  from  (AR/R)  /  {A£/£)  wherein  (AR/R) 
represents  change  ratio  of  electric  resistance  and 
(A£/£)  denotes  strain.  The  gage  factor  in  the  case  of 
the  strain  gage  of  the  present  invention  can  be 
obtained  from  (AL/L)  /  (M/£)  wherein  (AL/L) 
represents  change  ratio  of  the  composite  induct- 
ance  of  the  coils.  As  this  gage  factor  becomes 
larger,  the  sensitivity  of  the  strain  gage  becomes 
higher. 

The  strain  gage  used  for  the  test  is  specified  as 
follows.  Amorphous  magnetic  metallic  plate  13  is 
0.03  mm  thick,  the  interval  between  amorphous 
magnetic  metallic  plate  13  and  insulating  sheet  14  is 
0.14  mm,  each  of  coils  16-1  and  16-2  has  30  turns, 
and  the  distance  between  the  centers  of  paired  coils 
16-1  and  16-2  is  10  mm. 

When  a  strain  of  400  x  10~6  was  added  to 
amorphous  magnetic  metallic  plate  13  in  the  longi- 
tudinal  direction  thereof  under  the  above-described 
state,  the  composite  inductance  of  coils  16-1  and 
16-2  showed  a  change  more  than  5%.  When  this 
value  is  changed  to  gage  factor,  it  is  more  than  125. 
In  contrast,  the  gage  factor  in  the  case  of  the 
conventional  strain  gage  of  the  metal  resistance  type 
is  about  2.  The  sensitivity  of  the  first  example  of  the 
strain  gage  according  to  the  present  invention  is 
remarkably  higher  as  compared  with  that  of  the 
conventional  strain  gage  of  the  metal  resistance 
type. 

The  gage  factor  is  100-120  in  the  case  of  the 
strain  gage  of  the  semiconductor  type  and  substan- 
tially  same  as  that  in  the  first  example  of  the  strain 
gage  according  to  the  present  invention.  In  the  case 
of  the  strain  gage  of  the  semiconductor  type, 
however,  its  detecting  characteristic  changes  as  its 
temperature  changes.  Detection  signal  applied  from 
it  cannot  be  correct  unless  its  temperature  is  kept  in 
a  certain  range,  its  reliability  is  poor  because 
detection  errors  may  be  caused.  In  addition,  its 
handling  is  troublesome  because  its  temperature 
must  be  controlled.  In  the  case  of  the  strain  gage 
according  to  the  present  invention,  however,  the 
magnetostrictive  effect  of  amorphous  magnetic 
metallic  plate  13  will  not  change  even  when  the 
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center  areas  of  coils  16-1,  16-2  and  substrates  11  of 
three  coil  units  61.  Vertical  axis  lines  of  cores  51-1 
and  51-2  are  aligned  with  center  axis  lines  of  coils 
16-1  and  those  of  coils  16-2,  respectively. 

5  This  fifth  strain  gage  can  achieve  same  effect  as 
that  of  the  fourth  one.  Further,  the  composite 
inductance  value  of  the  coils  is  made  larger  than  in 
the  case  of  the  fourth  one.  This  enables  the  signal 
processing  circuit  to  be  made  simpler  in  construc- 

10  tion  and  the  fifth  strain  gage  to  be  handled  with  more 
easiness. 

Figs.  12  and  13  show  a  third  example  of  the  strain 
gage  according  to  the  present  invention.  Two  pairs 
of  coils  are  arranged  on  the  top  and  underside  of  the 
substrate,  respectively,  in  the  case  of  this  third  strain 
gage.  More  specifically,  a  pair  of  coils  16-1,  16-2  are 
arranged  on  the  top  of  substrate  1  1  ,  while  another 
pair  of  coils  16-3,  16-4  are  arranged  on  the  underside 
of  substrate  1  1  .  The  innermost  ends  of  coils  1  6-1  and 
16-3  are  connected  to  each  other  by  connecting  wire 
42-1  which  passes  through  substrate  11.  Similarly, 
the  innermost  ends  of  coils  16-2  and  16-4  are 
connected  to  each  other  by  connecting  wire  42-2 
which  passes  through  substrate  11.  The  outermost 
ends  of  the  printed  wires  of  coils  16-1  -16-4  are 
connected  to  terminals  47-1  -  17-4,  respectively,  via 
connecting  wires  44-1  -44-4  printed  on  both  sides  of 
substrate  11.  When  current  is  supplied  to  terminals 
47-1  -47-4,  magnetic  flux  generated  by  coils  16-1 
and  16-3  is  directed  reverse  to  magnetic  flux 
generated  by  coils  16-2  and  16-4.  Further,  the 
magnetic  flux  generated  by  one  paired  coils  links 
with  the  one  generated  by  the  other  paired  coils. 
Therefore,  these  magnetic  fluxes  form  a  closed 
magnetic  circuit,  passing  through  the  amorphous 
magnetic  metallic  plates  in  the  longitudinal  direction 
thereof. 

The  turns  of  each  of  the  coils  are  increased  in  this 
third  strain  gage  without  making  the  strain  gage 
thicker  and  wider.  The  coils  of  this  strain  gage  have 
therefore  an  inductance  larger  than  the  coils  of  the 
first  one.  This  enables  this  third  strain  gage  to  have  a 
detecting  sensitivity  higher  than  the  first  one. 

Figs.  14  and  15  show  a  fourth  example  of  the  strain 
gage  according  to  the  present  invention.  This  fourth 
strain  gage  is  an  improvement  of  the  second  one 
shown  in  Figs.  9  and  10.  As  shown  in  Fig.  14,  cores 
51-1  and  51-2  each  made  of  ferromagnetic  material 
and  shaped  like  a  column  are  arranged  passing 
through  the  centers  of  coils  1  6-1  ,  1  6-2  and  substrate 
1  1  .  The  ratio  of  leaked  magnetic  flux  relative  to  all  of 
magnetic  fluxes  generated  by  the  coils  is  reduced 
while  the  ratio  of  main  magnetic  flux  relative  to  all  of 
the  magnetic  fluxes  generated  is  increased.  As 
shown  by  arrows  21  in  Fig.  15,  therefore,  the  ratio  of 
that  magnetic  flux  which  passes  through  amorphous 
magnetic  metallic  plates  13  relative  to  all  of  the 
magnetic  fluxes  generated  by  the  coils  is  more 
increased  than  in  the  case  of  the  second  strain  gage. 
The  density  of  the  magnetic  flux  and  the  inductance 
of  the  coils  which  change  responsive  to  the 
changing  magnetic  permeability  of  the  amorphous 
magnetic  metallic  plates  change  to  those  extents 
greater  than  in  the  case  of  the  second  strain  gage. 
This  enables  this  fourth  strain  gage  to  have  a 
detecting  sensitivity  higher  than  the  second  one. 

Figs.  16  and  17  show  a  fifth  example  of  the  strain 
gage  according  to  the  present  invention.  This  strain 
gage  comprises  three  coil  units  61  piled  one  upon 
the  others  and  each  of  these  coil  units  61  includes 
substrate  11  and  coils  16-1.  16-2  printed  on  one  side 
of  substrate  11.  Center  axis  lines  of  coils  16-1  are 
aligned  with  one  another  while  those  of  coils  1  6-2  are 
also  aligned  with  one  another.  Further,  cores  51-1 
and  51-2  each  made  of  ferromagnetic  material  and 
shaped  like  a  column  are  arranged  passing  through 

Claims 
15 

1.  A  strain  gage  bonded  to  an  object  to  be 
measured  and  capable  of  outputting  detection 
signal  which  represents  load  added  to  the 
object  or  strain  of  the  object  caused  by  the  load 

20  added,  when  the  load  is  added  to  the  object  and 
the  object  is  deformed  by  the  load  added  to 
have  strain,  said  strain  gage  characterized  by 
comprising: 
a  substrate  (11)  having  a  pair  of  faces  opposite 

25  to  each  other  and  flexibility; 
a  pair  of  coils  (16-1,  16-2)  printed  on  one  face  of 
the  substrate,  each  of  said  coils  having  a  spiral 
pattern  and  said  paired  coils  (16-1,  16-2)  being 
positioned  in  such  a  way  that  magnetic  flux 

30  generated  by  one  of  these  coils  (16-1)  links  with 
the  other  coil  (16-2)  when  alternating  signal  is 
supplied  to  these  coils  (1  6-1  ,  1  6-2)  ; 
an  amorphous  magnetic  metallic  plate  (13) 
having  magnetostrictive  effect  which  causes 

35  the  magnetic  permeability  of  said  amorphous 
magnetic  metallic  plate  to  be  changed  respon- 
sive  to  the  load  added  to  the  object,  said 
amorphous  magnetic  metallic  plate  (13)  being 
located  on  one  of  the  opposite  faces  of  the 

40  substrate  (11)  so  that  at  least  a  part  of  the 
magnetic  flux  generated  by  one  (16-1)  of  the 
paired  coils  form  a  closed  magnetic  circuit  (21), 
passing  through  the  amorphous  magnetic  me- 
tallic  plate  (13),  and  linking  with  the  other  coil 

45  (16-2)  and  then  with  the  one  (16-1  );  and 
means  for  electrically  insulating  the  amorphous 
magnetic  metallic  plate  (13)  from  the  paired 
coils  (16-1,  16-2); 
wherein  when  the  load  is  added  to  the  object  to 

50  be  measured  and  strain  of  the  object  is  thus 
caused  by  the  load  added,  the  magnetic 
permeability  of  said  amorphous  magnetic  me- 
tallic  plate  (13)  is  changed  in  response  to  the 
load  added,  the  density  of  the  magnetic  flux 

55  passing  through  the  amorphous  magnetic  me- 
tallic  plate  (13)  is  changed  as  the  magnetic 
permeability  of  the  amorphous  magnetic  metal- 
lic  plate  (13)  changes,  and  composite  induct- 
ance  of  the  paired  coils  (16-1,  16-2)  is  changed 

60  in  response  to  the  change  of  this  flux  density, 
so  that  detection  signal  which  represents  the 
change  of  this  composite  inductance  can  be 
outputted  and  processed  by  the  strain  gage  to 
measure  the  load  added  or  strain  caused  in  the 

65  object  by  the  load  added. 
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passing  one  of  the  amorphous  magnetic  metal- 
lic  plates  (13),  linking  with  the  other  (16-2)  of  the 
coils,  passing  through  the  other  of  the  amor- 
phous  magnetic  metallic  plates  (13),  and  linking 
with  the  one  (16-1)  of  the  coils. 

10.  The  strain  gage  according  to  claim  1, 
characterized  in  that  two  pairs  of  coils  (16-1, 
16-2)  are  printed  on  both  sides  of  said  substrate 
(11)  and  positioned  in  such  away  that  magnetic 
flux  generated  by  one  of  two  coils  (16-1,  16-2) 
links  with  the  other  coil. 

11.  The  strain  gage  according  to  claim  1, 
characterized  in  that  each  of  the  coils  (16-1, 
16-2)  has  a  core  (51-1,  51-2)  made  of  ferromag- 
netic  material  and  at  least  a  part  of  the  core 
(51-1,  51-2)  is  located  substantially  in  the  center 
area  of  each  of  the  coils  (  1  6-1  ,  1  6-2)  . 

12.  The  strain  gage  according  to  claim  11, 
characterized  in  that  most  of  the  core  (51-1, 
51-2)  is  embedded  in  the  substrate  (11)  in  such 
a  way  that  at  least  a  part  of  the  core  (51  -1  ,  51  -2) 
is  located  substantially  in  the  center  area  of 
each  of  the  coils  (  1  6-1  ,  1  6-2)  . 

13.  A  strain  gage  bonded  to  an  object  to  be 
measured  and  capable  of  outputting  detection 
signal  which  represents  load  added  to  the 
object  or  strain  of  the  object  caused  by  the  load 
added,  when  the  load  is  added  to  the  object  and 
the  object  is  deformed  by  the  load  added  to 
have  strain,  said  strain  gage  characterized  by 
comprising: 

(A)  a  coil  unit  (61  )  including 
(a)  a  substrate  (11)  having  a  pair  of  faces 
opposite  to  each  other  and  flexibility,  and 
(b)  a  pair  of  coils  (16-1,  16-2)  printed  on 
one  face  of  the  substrate,  each  of  said 
coils  having  a  spiral  pattern  and  said  paired 
coils  (16-1,  16-2)  being  positioned  in  such 
way  that  magnetic  flux  generated  by  one  of 
these  coils  (16-1)  links  with  the  other  coil 
(16-2)  when  alternating  signal  is  supplied 
to  these  coils  (16-1,  16-2); 

(B)  an  amorphous  magnetic  metallic 
plate  (13)  having  magnetostrictive  effect 
which  causes  the  magnetic  permeability  of 
said  amorphous  magnetic  metallic  plate  to 
be  changed  responsive  to  the  load  added 
to  the  object,  said  amorphous  magnetic 
metallic  plate  (13)  being  located  on  one  of 
the  opposite  faces  of  the  substrate  (11)  so 
that  at  least  a  part  of  the  magnetic  flux 
generated  by  one  (16-1)  of  the  paired  coils 
form  a  closed  magnetic  circuit  (21),  pas- 
sing  through  the  amorphous  magnetic 
metallic  plate  (13),  and  linking  with  the 
other  (16-1)  of  the  coils  and  then  with  the 
one  (16-1)  thereof;  and 

(C)  means  for  electrically  insulating  the 
amorphous  magnetic  metallic  plate  (13) 
from  the  paired  coils  (16-1,  16-2); 
wherein  when  the  load  is  added  to  the 
object  to  be  measured  and  strain  of  the 
object  is  thus  caused  by  the  load  added, 
the  magnetic  permeability  of  said  amor- 
phous  magnetic  metallic  plate  (13)  is 

2.  The  strain  gage  according  to  claim  1, 
characterized  in  that  said  substrate  (11)  in- 
cludes  a  pair  of  terminals  (17-1,  17-2)  printed  on 
the  substrate  (11)  to  receive  alternating  signal 
and  to  output  detection  signal  therethrough,  5 
and  plural  connecting  wires  (18-1,  18-2,  19) 
printed  on  the  substrate  to  connect  the  paired 
coils  (16-1,  16-2)  with  each  other  and  the  paired 
coils  to  the  paired  terminals  (17-1  ,  17-2). 

3.  The  strain  gage  according  to  claim  1,  10 
characterized  in  that  said  substrate  (11)  is 
shaped  like  a  rectangle  having  long  and  short 
sides  and  the  paired  coils  (16-1,  16-2)  are 
aligned  on  one  face  of  said  substrate  (1  1  )  in  the 
longitudinal  direction  thereof.  15 

4.  The  strain  gage  according  to  claim  3, 
characterized  in  that  said  amorphous  magnetic 
metallic  plate  (13)  is  subjected  to  magnetic 
anisotropy  treatment  such  that  the  direction  of 
its  easy  magnetization  meets  that  of  the  20 
magnetic  flux  which  passes  through  said  plate 
(13),  at  predetermined  angles. 

5.  The  strain  gage  according  to  claim  3, 
characterized  in  that  the  paired  coils  (16-1, 
16-2)  are  electrically  connected  to  each  other  25 
and  their  spirals  are  directed  in  such  a  way  that 
the  direction  of  magnetic  flux  generated  by  one 
of  them  is  reverse  to  that  of  magnetic  flux 
generated  by  the  other  of  them. 

6.  The  strain  gage  according  to  claim  5,  30 
characterized  in  that  the  paired  coils  (16-1, 
16-2)  are  connected  in  series  to  each  other  and 
their  spirals  are  directed  in  a  same  direction,  so 
that  magnetic  fluxes  generated  by  them  can  be 
directed  reverse  to  each  other.  35 

7.  The  strain  gage  according  to  claim  6, 
characterized  in  that  each  of  said  coils  (16-1, 
16-2)  is  a  wire  printed  like  a  spiral  on  one  side  of 
said  substrate  (11)  and  said  printed  wire  has  a 
first  end  located  at  the  outermost  of  the  spiral  40 
and  a  second  end  located  at  the  innermost 
thereof,  and  wherein  said  substrate  includes  a 
pair  of  terminals  (17-1  ,  17-2)  printed  on  one  face 
of  said  substrate  to  receive  alternating  signal 
and  to  output  detection  signal  therethrough,  a  45 
pair  of  first  connecting  wires  (18-1,  18-2) 
printed  on  one  face  of  said  substrate  to  connect 
the  paired  terminals  (17-1,  17-2)  to  the  first 
ends  of  said  paired  wire  coils  (16-1,  16-2) 
printed,  and  a  pair  of  second  connecting  wires  50 
(19)  printed  on  the  other  face  of  said  substrate 
to  connect  the  second  ends  of  the  paired  wire 
coils  (16-1,  16-2)  printed. 

8.  The  strain  gage  according  to  claim  1, 
characterized  in  that  said  insulating  means  55 
includes  a  plate  (12)  sandwiched  between  said 
substrate  (11)  and  said  amorphous  magnetic 
metallic  plate  (13)  to  insulate  these  substrate 
(11)  and  plate  (13)  from  each  other. 

9.  The  strain  gage  according  to  claim  1,  60 
characterized  in  that  two  amorphous  magnetic 
metallic  plates  (13)  are  arranged  on  both  sides 
of  said  substrate,  so  that  at  least  a  part  of 
magnetic  flux  generated  by  one  (16-1)  of  the 
coils  can  form  a  closed  magnetic  circuit  (21),  65 
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sing  through  the  amorphous  magnetic 
metallic  plate  (12),  and  linking  with  the 
other  (16-2)  of  the  coils  and  then  with  the 
one  (16-1)  thereof,  and 
(d)  means  for  electrically  insulating  the 
amorphous  magnetic  metallic  plate  (13) 
from  the  paired  coils  (16-1  ,  16-2)  ; 

(B)  means  for  supplying  alternating 
signal  to  the  paired  coils  (16-1,  16-2)  ;  and 

(C)  means  for  processing  detection 
signal  applied  from  said  strain  gage  (1)  and 
outputting  output  signal; 
wherein  when  the  load  is  added  to  the 
object  to  be  measured  and  strain  of  the 
object  is  thus  caused  by  the  load  added, 
the  magnetic  permeability  of  said  amor- 
phous  magnetic  metallic  plate  (13)  is 
changed  in  response  to  the  load  added, 
the  density  of  the  magnetic  flux  passing 
through  the  amorphous  magnetic  metallic 
plate  (13)  is  changed  as  the  magnetic 
permeability  of  the  amorphous  magnetic 
metallic  plate  (13)  changes,  and  composite 
inductance  of  the  paired  coils  (16-1,  16-2) 
is  changed  in  response  to  the  change  of 
this  flux  density,  so  that  said  strain  gage 
can  output  the  detection  signal  which 
represents  the  change  of  this  composite 
inductance  and  that  the  load  added  or 
strain  caused  in  the  object  by  the  load 
added  can  be  measured  on  the  basis  of  the 
output  signal  applied  from  the  signal 
processing  and  outputting  means. 

changed  in  response  to  the  load  added, 
the  density  of  the  magnetic  flux  passing 
through  the  amorphous  magnetic  metallic 
plate  (13)  is  changed  as  the  magnetic 
permeability  of  the  amorphous  magnetic  5 
metallic  plate  (13)  changes,  and  composite 
inductance  of  the  paired  coils  (16-1,  16-2) 
is  changed  in  response  to  the  change  of 
this  flux  density,  so  that  detection  signal 
which  represents  the  change  of  this  com-  10 
posite  inductance  can  be  outputted  and 
processed  by  the  strain  gage  to  obtain  the 
load  added  or  strain  caused  in  the  object 
by  the  load  added. 

14.  The  strain  gage  according  to  claim  13,  15 
characterized  in  that  said  plural  coil  units  (61) 
are  piled  one  upon  the  others. 

15.  The  strain  gage  according  to  claim  14, 
characterized  in  that  each  of  the  coils  (16-1, 
16-2)  has  a  center  axis  line  extending  through  20 
the  center  of  its  spiral  and  said  plural  coil  units 
(61)  are  piled  one  upon  the  others  in  such  a 
manner  that  a  pair  of  the  center  axis  lines 
extending  through  the  centers  of  the  paired 
coils  (16-1,  16-2)  on  one  coil  unit  (61)  are  25 
aligned  with  those  extending  through  the 
centers  of  the  paired  coils  (16-1,  16-2)  on  the 
other  coil  units  (61). 

16.  The  strain  gage  according  to  claim  15, 
characterized  in  that  each  of  said  coils  (16-1,  30 
16-2)  has  a  core  (51-1,  51-2)  made  of  ferromag- 
netic  material  and  said  core  (51-1,  51-2)  is 
positioned  along  the  center  axis  line  of  each  of 
the  coils  (16-1,  16-2). 

17.  A  device  for  measuring  load  added  or  35 
strain  caused  by  the  load  added,  when  the  load 
is  added  an  object  to  be  measured  and  the 
object  is  deformed  to  have  strain,  said  device 
characterized  by  comprising: 

(A)  a  strain  gage  (1)  bonded  to  the  40 
object  to  be  measured  and  capable  of 
outputting  detection  signal  which  repre- 
sents  the  load  added  to  the  object  or  strain 
of  the  object  caused  by  the  load  added, 
said  strain  gage  (1)  including  45 
(a)  a  substrate  (11)  having  a  pair  of  faces 
opposite  to  each  other  and  flexibility, 
(b)  a  pair  of  coils  (16-1,  16-2)  printed  on 
one  face  of  the  substrate,  each  of  said 
coils  having  a  spiral  pattern  and  said  paired  50 
coils  (16-1,  16-2)  being  positioned  in  such 
a  way  that  magnetic  flux  generated  by  one 
(16-1)  of  these  coils  links  with  the  other 
coil  (16-2), 
(c)  an  amorphous  magnetic  metallic  plate  55 
(13)  having  magnetostrictive  effect  which 
causes  the  magnetic  permeability  of  said 
amorphous  magnetic  metallic  plate  (13)  to 
be  changed  responsive  to  the  load  added 
to  the  object,  said  amorphous  magnetic  60 
metallic  plate  (13)  being  located  on  one  of 
the  opposite  faces  of  the  substrate  (1  1)  so 
that  at  least  a  part  of  the  magnetic  flux 
generated  by  one  (16-1)  of  the  paired  coils 
form  a  closed  magnetic  circuit  (21),  pas-  65 
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