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(54)  Torque  sensor. 

(57)  A  torque  sensor  of  the  type  utilizing  mag- 
netostriction  of  either  a  shaft  made  of  a  mag- 
netostrictive  magnetic  alloy,  or  a  magnetostric- 
tive  magnetic  alloy  layer  formed  on  an  outer 
peripheral  surface  of  a  shaft  is  disclosed,  in 
which  coils  (4a,  4b)  are  disposed  arround  the 
shaft  (1)  for  detecting  a  magnetic  property 
of  the  magnetostrictive  magnetic  alloy  (2),  a  tubular 
magnetic  yoke  (5)  made  of  a  magnetic 
alloy  having  a  soft  magnetic  property  and  dispo- 
sed  around  the  coils  (4a,  4b)  for  excluding  the 
influence  of  a  disturbance  magnetic  field  and 
and  a  completing  a  closed  magnetic  circuit, 
hollow  cylindrical  container  (6)  disposed  arround 
the  magnetic  yoke  (5).  The  torque  sensor  thus 
constructed  has  a  high  measuring  accuracy 
and  an  excellent  thermal  stability. 

FIG.  1 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention: 

The  present  invention  relates  to  a  torque  sensor 
for  magnetically  detecting  a  torque  transmitted  to  a 
rotating  shaft  without  direct  contact  with  the  rotating 
shaft. 

2.  Description  of  the  Prior  Art: 

Conventional  torque  sensors  of  the  type  utilizing 
magnetostriction  are  classified  into  two  groups.  A  first 
group  of  torque  sensors  include  a  rotating  shaft  made 
of  a  magnetic  alloy,  such  as  a  ferro-alloy,  having  a 
magnetostrictive  property,  and  a  second  group  of  tor- 
que  sensors  include  a  rotating  shaft  having  on  its 
outer  peripheral  surface  a  magnetic  alloy  layer  having 
a  soft  magnetic  property  and  magnetostrictive  prop- 
erty.  In  either  group  of  conventional  torque  sensors, 
the  magnetostrictive  magnetic  alloy  is  magnetically 
anisotropic  in  different  directions  slanting  at  angles  of 
+45°  and  -45°,  respectively,  with  respect  to  a  longitu- 
dinal  axis  of  the  shaft.  Two  coils  are  disposed  around 
the  magnetostrictive  magnetic  alloy  for  detecting  a 
magnetic  property  of  the  magnetostrictive  magnetic 
alloy.  The  coils  are  received  end  to  end  within  a  tubu- 
lar  container  which  is  made  of  an  alloy  of  soft  mag- 
netic  property  and  provided  for  purposes  of  excluding 
the  influence  of  a  disturbance  magnetic  field  and  com- 
pleting  a  closed  magnetic  circuit.  The  tubular  con- 
tainer  is  hereinafter  referred  to  as  "magnetic  yoke". 

With  this  construction,  when  a  torque  is  transmit- 
ted  to  the  rotating  shaft  of  the  torque  sensor,  an  outer 
peripheral  surface  of  the  shaft  is  strained  or  otherwise 
deformed.  In  this  instance,  if  the  torque  exerted  on  the 
shaft  is  clockwise,  a  portion  of  the  magnetostrictive 
magnetic  alloy  which  is  magnetically  anisotropic  in  the 
direction  of  +45°  increases  its  magnetic  permeability, 
while  a  portion  of  the  magnetostrictive  magnetic  ally 
which  is  magnetically  anisotropic  in  the  direction  of  - 
45°  decreases  its  magnetic  permeability.  This  relation 
in  magnetic  permeability  is  reversed  when  the  torque 
exerted  on  the  shaft  is  counterclockwise.  Changes  in 
magnetic  permeability  of  the  magnetostrictive  mag- 
netic  alloy  are  detected  in  terms  of  changes  in  self- 
inductance  of  the  two  coils,  and  the  difference  in 
self-inductance  between  the  two  coils  is  measured  by 
a  differential  detector  whereby  the  direction  and  mag- 
nitude  of  the  torque  can  be  detected  (see,  Japanese 
Patent  Laid-open  Publication  No.  59-77326). 

The  two  coils  have  the  same  inductance  so  that 
in  a  theoretical  sense,  no  differential  output  is  pro- 
duced  from  the  torque  sensor  when  a  torque  is  not 
exerted  on  the  shaft.  However,  when  the  magnetic 
yoke  is  secured  by  screws  to  a  structure  for  attaching 
the  torque  sensor  to  the  structure,  the  torque  sensor 
produces  an  apparent  differential  output  due  to  tight- 

ening  forces  applied  to  the  magnetic  yoke.  In  addition, 
when  the  environmental  temperature  changes,  a 
stress  is  created  due  to  a  difference  in  thermal  expan- 
sion  coefficient  between  the  structure  and  the  mag- 

5  netic  yoke.  The  stress  thus  created  results  in 
generation  of  an  apparent  differential  output  from  the 
torque  sensor. 

It  has  been  proved  that  the  apparent  differential 
output  is  caused  by  magnetostriction  of  the  magnetic 

10  yoke,  it  is  obvious  that  the  apparent  differential  output 
can  be  reduced  by  using  a  magnetic  yoke  which  is 
made  of  a  soft  magnetic  property  material,  such  as 
78%  Ni-Mo-Cu-Fe  alloy,  having  a  small  magnetostric- 
tive  property.  However,  such  a  material  is  expensive 

15  and,  hence,  the  torque  sensor  is  costly  to  manufac- 
ture. 

SUMMARY  OF  THE  INVENTION 

20  With  the  foregoing  drawbacks  of  the  prior  art  in 
view,  it  is  an  object  of  the  present  invention  to  provide 
a  torque  sensor  having  structural  features  which  sub- 
stantially  eliminate  generation  of  an  apparent  differen- 
tial  output  caused  by  stresses  created  in  a  magnetic 

25  yoke  when  the  torque  sensor  is  attached  to  a  structure 
and,  hence,  guarantee  a  highly  accurate  measure- 
ment  of  torque,  and  further  enable  production  of  the 
torque  sensor  at  a  low  cost. 

According  to  the  present  invention,  there  is  pro- 
30  vided  a  torque  sensor  which  comprises:  a  shaft  for 

transmitting  a  torque  exerted  thereon,  at  least  an 
outer  peripheral  surface  of  the  shaft  being  made  of  a 
magnetic  alloy  having  a  magnetostrictive  property; 
coil  means  disposed  around  the  outer  peripheral  sur- 

35  face  of  the  shaft  with  a  space  therebetween  for  detect- 
ing  a  magnetic  property  of  the  magnetostrictive 
magnetic  alloy;  a  tubular  magnetic  yoke  disposed 
around  the  coil  means  for  forming  a  magnetic  circuit 
between  itself  and  the  magnetostrictive  magnetic 

40  alloy;  a  hollow  cylindrical  container  disposed  around 
the  magnetic  yoke  for  containing  the  same;  and  elec- 
tric  means  operatively  connected  with  the  coil  means 
for  detecting  for  detecting  a  change  in  magnetic  per- 
meability  of  the  magnetostrictive  magnetic  alloy  in 

45  terms  of  a  change  in  impedance  of  the  coil  means 
caused  by  the  torque  exerted  on  the  shaft,  thereby 
determining  the  torque. 

A  torque  sensor  may  further  include  a  stress 
absorbing  means  acting  between  the  container  and 

so  the  magnetic  yoke  for  absorbing  stresses  to  prevent 
magnetostriction  of  the  magnetic  yoke  which  might 
change  magnetic  characteristics  of  the  torque  sensor. 
The  stress  absorbing  means  may  be  a  tubular  cush- 
ioning  sleeve  made  from  a  synthetic  resin  and  bonded 

55  to  the  container  and  the  magnetic  yoke,  a  clearance 
defined  between  the  container  and  the  magnetic  yoke 
as  a  result  of  loose-fitting  engagement  between  the 
container  and  the  magnetic  yoke,  or  a  tubular  thin  film 
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of  synthetic  resin  filled  in  a  clearance  defined  between 
the  container  and  the  magnetic  yoke  as  a  result  of  a 
loose-fit  between  the  container  and  the  magnetic 
yoke. 

The  above  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  will  become  more  appa- 
rent  from  the  following  description  when  making 
reference  to  the  detailed  description  and  the  accom- 
panying  sheets  of  drawings  in  which  preferred  struc- 
tural  embodiments  incorporating  the  principles  of  the 
present  invention  are  shown  by  way  of  illustrative 
example. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  diagrammatical  front  elevational  view, 
with  parts  cutaway  for  clarity,  of  a  torque  sensor 
according  to  a  first  embodiment  of  this  invention; 
Fig.  2  is  a  front  elevational  view  showing  dimen- 
sions  of  a  shaft  portion  of  the  torque  sensor; 
Fig.  3  is  a  plan  view  showing  an  amorphous  mag- 
netic  alloy  film  formed  by  etching; 
Fig.  4  is  a  circuit  diagram  of  a  detecting  circuit; 
Fig.  5  is  a  schematic  plan  view  illustrative  of  the 
manner  in  which  the  torque  sensor  is  attached  to 
a  base  of  a  structural  member; 
Fig.  6  is  a  clamp  band  for  clamping  the  torque 
sensor  to  the  base; 
Fig.  7  is  a  graph  showing  the  relationship  be- 
tween  the  output  of  the  torque  sensor  and  the 
clamping  force  exerted  on  the  torque  sensor 
when  the  torque  sensor  is  attached  to  the  base  by 
the  clamp  band; 
Fig.  8  is  a  view  similar  to  Fig.  1  ,  but  showing  the 
construction  of  a  torque  sensor  according  to  a 
second  embodiment  of  this  invention;  and 
Fig.  9  is  a  view  similar  to  Fig.  8,  but  showing  a 
modification  of  the  torque  sensor. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  present  invention  will  be  described  herein- 
below  in  greater  detail  with  reference  to  certain  pre- 
ferred  embodiments  illustrated  in  the  accompanying 
drawings. 

Fig.  1  shows  the  general  construction  of  a  torque 
sensor  according  to  a  first  embodiment  of  this  inven- 
tion.  The  torque  sensor  includes  a  shaft  1  made  of 
titanium  and  having  a  diameterof  12  mm.  The  titanium 
shaft  1  has  a  coefficient  of  thermal  expansion  of  9.4 
x  1  fr*C\l°C).  Actual  dimensions  of  the  shaft  1  is  shown 
in  Fig.  2.  The  shaft  1  has  a  pair  of  longitudinally 
spaced  annular  flanges  1a  and  1b  for  positioning  a 
pair  of  ball  bearings  8a,  8b  and  an  amorphous  mag- 
netic  alloy  film  2.  The  amorphous  magnetic  alloy  film 
2  is  disposed  between  the  annular  flanges  1  a,  1  b  and 
attached  by  bonding  to  an  outer  peripheral  surface  of 
the  shaft  1  .  The  amorphous  magnetic  alloy  film  2  thus 

bonded  forms  a  surface  magnetic  layer.  To  form  the 
surface  magnetic  layer,  an  amorphous  magnetic  alloy 
film  strip  shown  in  Fig.  3  is  fabricated  by  etching.  The 
amorphous  magnetic  alloy  film  strip  is  then  rolled  into 

5  a  tubular  form  having  the  same  radius  of  curvature  as 
an  outer  peripheral  surface  of  the  shaft  1,  and  finally 
bonded  to  the  outer  peripheral  surface  of  the  shaft  1  . 
The  bonding  is  performed  at  a  temperature  ranging 
from  200  to  250°C  using  an  adhesive  composed  of 

10  bismaleimidetriazine  resin  sold  under  the  tradename 
BT2164  manufactured  by  Mitsubishi  Gas  Chemical 
Company.  The  thickness  of  the  adhesive  is  in  the 
range  of  about  20  -  about  60  ^m.  The  amorphous 
magnetic  alloy  film  2  is  an  Fe-Cr-Si-B  alloy,  has  a 

15  coefficient  of  linear  thermal  expansion  of  7.8  x 
1  fr*C\l°C)  and  a  saturation  magnetostriction  constant 
of  20  x  10"6,  and  is  25  urn  in  thickness.  As  shown  in 
Fig.  1,  the  amorphous  magnetic  alloy  film  2  has  two 
juxtaposed,  symmetrical  helical  patterns  2a  and  2b. 

20  The  first  helical  pattern  2a  has  a  pitch  angle  of  +45° 
with  respect  to  a  longitudinal  axis  of  the  shaft  1  ,  while 
the  second  helical  pattern  2b  has  a  pitch  angle  of  -45° 
with  respect  to  the  longitudinal  axis  of  the  shaft  1. 

A  tubular  bobbin  3  molded  of  synthetic  resin  is 
25  disposed  concentrically  around  the  amorphous  mag- 

netic  alloy  film  4  with  a  space  or  air  gap  10  defined 
therebetween.  The  bobbin  3  has,  in  its  outer 
peripheral  surface,  two  circumferential  grooves  hav- 
ing  a  depth  of  about  0.6  mm.  The  grooves  extend  over 

30  and  around  the  first  and  second  helical  patterns  2a, 
2b,  respectively,  and  receive  therein  first  and  second 
coils  4a  and  4b,  respectively.  Each  of  the  coils  4a,  4b 
is  formed  from  a  copper  wire  having  a  diameter  of 
about  0.1  mm  and  wound  on  the  bobbin  3  into  three 

35  layers  each  having  40  turns.  Thus,  each  coil  4a,  4b 
has  160  turns  and  extends  over  and  around  a  corre- 
sponding  one  of  the  helical  patterns  2a,  2b  of  the 
amorphous  magnetic  alloy  film  4. 

A  tubular  magnetic  yoke  5  made  of  45%  Ni-Fe 
40  alloy  steel  is  firmly  fitted  over  the  bobbin  3  to  hold  the 

coils  4a,  4b  within  the  circumferential  grooves  of  the 
bobbin  3.  The  tubular  magnetic  yoke  5  is  fitted  in  a 
tubular  cushioning  sleeve  9.  The  cushioning  sleeve  9 
is  made  from  Duracon  ("Duracon"  is  the  trademark  for 

45  a  certain  acetal  resin  manufactured  by  Polyplastic 
Corporation)  and  serves  as  a  stress  absorbing 
means.  A  hollow  cylindrical  holder  or  container  6 
made  of  stainless  alloy  is  fitted  over  the  cushioning 
sleeve  9.  The  cushioning  sleeve  9  is  secured  by  bond- 

so  ing  to  the  magnetic  yoke  5  and  the  container  6.  A  pair 
of  end  caps  7a  and  7b  is  attached  to  opposite  ends  of 
the  hollow  cylindrical  container  6  to  retain  the  ball 
bearings  8a,  8b  within  bearing  holes  formed  at  the 
opposite  end  of  the  container  6.  Thus,  the  container 

55  6  is  rotatably  mounted  on  the  shaft  1  via  the  ball  bear- 
ings  8a,  8b.  The  bobbin  3,  cushioning  sleeve  9  and 
magnetic  yoke  5  have  a  length  smaller  than  the  dist- 
ance  between  the  ball  bearings  8a,  8b  and  they  are 

3 
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disposed  centrally  between  the  ball  bearings  8a,  8b, 
with  a  space  1  1  defined  between  each  of  the  bearings 
8a,  8b  and  a  corresponding  one  of  opposite  ends  of 
the  bobbin  3,  cushioning  sleeve  9  and  magnetic  yoke 
5.  The  spaces  1  1  thus  provided  preclude  the  gener-  5 
ation  of  stresses  acting  in  the  longitudinal  direction  of 
the  shaft  due  to  the  difference  in  thermal  expansion 
coefficient  between  the  container  6,  the  magnetic 
yoke  5  and  the  shaft  1  when  the  temperature  changes. 
Opposite  ends  12a,  12b  of  each  coil  4a,  4b  are  led  out  10 
from  the  bobbin  3  through  three  aligned  holes  13a, 
1  3b  extending  through  the  magnetic  yoke  5,  cushion- 
ing  sleeve  9  and  container  6,  respectively. 

The  coil  ends  12a,  12b  are  connected  to  a  detect- 
ing  circuit  shown  in  Fig.  4.  The  detecting  circuit  15 
includes  a  sine-wave  oscillator  14  operating  at  a  fre- 
quency  of  16  kHz,  two  resistances  15  and  15  each 
connected  in  series  to  one  of  the  coils  4a,  4b  so  as  to 
form  a  bridge  circuit,  two  ac  to  dc  converters  16  and 
16  which  hold  the  peak  ac  voltage  appearing  across  20 
each  respective  coil  4a,  4b  and  convert  the  ac  voltage 
into  dc  voltage,  and  a  differential  amplifier  17  connec- 
ted  to  the  ac  to  dc  converters  16,  16  for  producing  a 
torque  sensor  output  which  is  proportional  to  the  dif- 
ference  between  the  voltages  applied  to  its  two  inputs  25 
from  the  respective  converters  9,  9.  The  detecting  cir- 
cuit  of  the  foregoing  construction  is  used  to  evaluate 
characteristics  of  the  torque  sensor. 

Fig.  5  shows  one  form  of  application  of  the  torque 
sensor  of  the  first  embodiment  described  above,  in  30 
which  the  torque  sensor  22  (indicated  by  hatching  for 
clarity)  is  attached  to  a  body  of  a  screw-tightening 
robot.  In  Fig.  5,  numeral  18  is  a  base  of  the  robot  body, 
1  9  is  a  shaft  of  a  drive  motor  25  connected  via  a  uni- 
versal  joint  20  to  the  shaft  1  (Fig.  1)  of  the  torque  sen-  35 
sor  22,  21  is  a  driver  bit  21  connected  via  another 
universal  joint  20  to  the  shaft  1  of  the  torque  sensor 
22,  and  23  is  a  metallic  clamp  band  secured  at  oppo- 
site  ends  to  the  base  1  8  by  means  of  a  pair  of  screws 
24,  24  for  attaching  the  torque  sensor  22  to  the  base  40 
18.  The  clamp  band  23  extends  around  substantially 
a  central  portion  of  the  torque  sensor  22  and  hence 
tights  the  central  portion. 

Fig.  7  is  a  graph  showing  the  relationship  be- 
tween  the  clamping  force  exerted  on  a  torque  sensor  45 
and  the  differential  output  of  the  torque  sensor 
measured  when  the  torque  sensor  is  attached  to  the 
base  18  by  means  of  the  clamp  band  23  in  the  manner 
as  shown  in  Fig.  5.  During  the  measurement,  no  tor- 
que  is  exerted  on  the  shaft  of  the  torque  sensor,  and  50 
the  detecting  circuit  shown  in  Fig.  4  is  used  for 
measuring  the  differential  output  of  the  torque  sensor. 
The  axis  of  abscissas  of  the  graph  represents  the 
clamp  force  (kgfm)  exerted  on  the  torque  sensor,  and 
the  axis  of  ordinates  represents  the  differential  output  55 
of  the  torque  sensor.  In  Fig.  7,  the  thick  sol  id  line  is  the 
differential  output-clamp  force  curve  of  the  torque 
sensor  22  of  the  first  embodiment  described  above, 

the  broken  line  is  the  differential  output-clamp  force 
curve  of  a  modified  torque  sensor  which  differs  from 
the  torque  sensor  22  in  that  the  magnetic  yoke  5  is 
directly  press-fitted  with  the  container  6  without  the 
intervention  of  the  Duracon  cushioning  sleeve  9,  and 
the  thin  solid  line  is  the  differential  output-clamp  force 
curve  of  a  conventional  torque  sensor  having  a  mag- 
netic  yoke  and  devoid  of  the  container  6. 

As  evidenced  from  Fig.  7,  the  differential  output 
drift  of  the  torque  sensor  22  is  stable  and  substantially 
constant  and  does  not  produce  an  apparent  differen- 
tial  output  even  when  a  large  clamp  force  is  applied 
to  the  torque  sensor  22.  In  the  case  of  the  conven- 
tional  torque  sensor,  zero  drift  increases  as  the  exer- 
ted  clamp  force  is  increased.  The  modified  torque 
sensor  produces  an  apparent  differential  output  to 
some  extent  due  to  press-fitting  connection  between 
the  magnetic  yoke  5  and  the  container  6.  It  is  obvious 
from  the  foregoing  results  that  the  plastic  cushioning 
sleeve  9  absorbs  stresses  and  thereby  prevents  the 
magnetic  yoke  6  from  undergoing  magnetostriction 
which  will  bring  about  a  change  in  magnetic  charac- 
teristic  of  the  torque  sensor. 

It  has  been  found  that  when  the  conventional  tor- 
que  sensor  while  being  attached  to  the  base  18  is  sub- 
jected  to  a  temperature  change,  zero  drift  is  produced 
due  to  a  change  in  clamp  force  caused  by  the  differ- 
ence  in  thermal  expansion  coefficient  between  the 
clamp  band  23  and  a  body  of  the  torque  sensor.  As 
against  the  conventional  torque  sensor,  the  torque 
sensor  of  the  above-mentioned  first  embodiment  is 
free  from  zero  drift  even  when  the  environmental  tem- 
perature  changes. 

The  material  used  for  forming  the  cushioning 
sleeve  9  is  not  limited  to  Duracon  (acetal  resin)  but 
may  be  epoxy  resin,  bismaleimidetriazine  resin,  Tef- 
lon  ("Teflon"  is  the  trademark  for  certain  fluorocarbon 
resins  manufactured  by  Du  Pont)  or  a  material  which 
is  softer  than  metal.  The  synthetic  resin  cushioning 
sleeve  preferably  has  a  thickness  in  excess  of  0.05 
mm.  It  is  expected  however  that  the  same  effect  can 
be  attained  even  when  the  thickness  of  the  cushioning 
sleeve  9  is  less  than  0.05  mm. 

Fig.  8  shows  the  general  construction  of  a  torque 
sensor  according  to  a  second  embodiment  of  this 
invention.  These  parts  which  are  identical  or  corre- 
sponding  to  those  of  the  first  embodiment  shown  in 
Fig.  1  are  designated  by  identical  or  corresponding 
reference  characters,  and  a  further  description  can  be 
omitted. 

The  torque  sensor  of  the  second  embodiment  dif- 
fers  from  the  torque  sensor  of  the  first  embodiment  in 
that  the  hollow  cylindrical  container  6  and  the  tubular 
magnetic  yoke  5  are  loose-fitted  with  each  other  so  as 
to  jointly  forming  a  stress  absorbing  means.  The  fit 
tolerance  of  the  loose-fitting  is  50  urn.  The  container 
6  and  the  magnetic  yoke  5  are  joined  at  their  longitu- 
dinal  central  portion  by  a  screw  5a.  With  this  construc- 

4 
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tion,  zero  drift  does  not  occur  as  in  the  case  of  the  first 
embodiment.  Instead  of  using  the  screw  5a,  a  synth- 
etic  resin  such  as  epoxy  resin  is  used  to  fill  a  clear- 
ance  between  the  container  6  and  the  magnetic  yoke 
5  so  that  the  container  6  and  the  magnetic  yoke  5  are 
joined  together  via  a  tubular  thin  film  9a  of  synthetic 
resin,  as  shown  in  Fig.  9.  The  epoxy  resin  thus  filled 
forms  a  cushion  absorbing  means. 

Eligible  materials  for  the  magnetic  yoke  5  may 
include  a  amorphous  magnetic  alloy  film  rolled  into  a 
tubular  form,  a  rolled  silicon  steel  plate  of  0.1  mm 
thick,  or  a  ferrite  tube.  When  the  magnetic  yoke  5  is 
composed  of  a  ferrite  tube,  the  use  of  the  container  6 
is  preferable  in  order  to  protect  the  ferrite  tube  against 
damage. 

Obviously,  various  minor  changes  and  modifi- 
cations  of  the  present  invention  are  possible  in  the 
light  of  the  above  teaching.  It  is  therefore  to  be  under- 
stood  that  within  the  scope  of  the  appended  claims  the 
invention  may  be  practiced  otherwise  than  as  specifi- 
cally  described. 

Claims 

1.  A  torque  sensor  comprising: 
a  shaft  (1)  for  transmitting  a  torque  exerted 

thereon,  at  least  an  outer  peripheral  surface  of 
said  shaft  (1)  being  made  of  a  magnetic  alloy  (2) 
having  a  magnetostrictive  property; 

coil  means  (3,  4a,  4b)  disposed  around 
said  outer  peripheral  surface  of  said  shaft  (1)  for 
detecting  a  magnetic  property  of  said  magnetos- 
trictive  magnetic  alloy  (2); 

a  tubular  magnetic  yoke  (5)  disposed 
around  said  coil  means  (4a,  4b)  for  forming  a 
magnetic  circuit  between  itself  and  said  mag- 
netostrictive  magnetic  alloy  (2); 

a  hollow  cylindrical  container  (6)  disposed 
around  said  magnetic  yoke  (5)  for  containing  the 
same;  and 

electric  means  (14-17)  operatively  con- 
nected  with  said  coil  means  (4a,  4b)  for  detecting 
a  change  in  magnetic  permeability  of  said  mag- 
netostrictive  magnetic  alloy  (2)  in  terms  of  a 
change  in  impedance  of  said  coil  means  (4a,  4b) 
caused  by  the  torque  exerted  on  said  shaft  (1), 
thereby  determining  the  torque. 

2.  A  torque  sensor  according  to  claim  1,  wherein 
said  tubular  magnetic  yoke  (5)  is  an  amorphous 
magnetic  alloy  film  rolled  into  a  tubular  form,  a  sili- 
con  steel  plate  rolled  into  a  tubular  form,  or  a  fer- 
rite  tube,  and  said  container  (6)  is  made  of 
stainless  alloy. 

3.  A  torque  sensor  according  to  claim  1  or  2  further 
including  a  tubular  cushioning  sleeve  (9)  made 

from  a  synthetic  resin  and  disposed  between  said 
magnetic  yoke  (5)  and  said  container  (6),  said 
cushioning  sleeve  (9)  being  softer  than  metal. 

5  4.  A  torque  sensor  according  to  claim  3,  wherein 
said  cushioning  sleeve  (9)  is  bonded  to  said  mag- 
netic  yoke  (5)  and  said  container  (6). 

5.  A  torque  sensor  according  to  claim  3  or  4  wherein 
10  said  synthetic  resin  constituting  said  cushioning 

sleeve  (9)  is  Duracon,  epoxy  resin,  bis- 
maleimidetriazine  resin,  or  Teflon. 

6.  A  torque  sensor  according  to  any  preceding  claim 
15  wherein  said  tubular  magnetic  yoke  (5)  is  an 

amorphous  magnetic  alloy  film  rolled  into  a  tubu- 
lar  form,  a  silicon  steel  plate  rolled  into  a  tubular 
form,  or  a  ferrite  tube,  and  said  container  (6)  is 
made  of  stainless  alloy. 

20 
7.  A  torque  sensor  according  to  any  preceding  claim 

wherein  said  hollow  cylindrical  container  (6)  is 
loose-fitted  over  said  magnetic  yoke  (5),  and  said 
container  (6)  and  said  magnetic  yoke  (5)  are 

25  joined  together  by  a  screw  fastener  (5a). 

8.  A  torque  sensor  according  to  any  preceding  claim 
wherein  said  hollow  cylindrical  container  (6)  and 
said  magnetic  yoke  (5)  are  loose-fitted  with  each 

30  other  and  firmly  joined  together  by  a  tubular  thin 
film  (9a)  of  synthetic  resin  filled  in  a  clearance  be- 
tween  said  container  (6)  and  said  magnetic  yoke 
(5). 

35  9.  A  torque  sensor  according  to  claim  8,  wherein 
said  synthetic  resin  is  softer  than  metal. 

1  0.  A  torque  sensor  according  to  claim  8  or  9  wherein 
said  synthetic  resin  is  an  epoxy  resin. 

40 
11.  A  torque  sensor  according  any  preceding  claim 

wherein  said  coil  means  (3,  4a,  4b)  is  composed 
of  a  tubular  bobbin  (3)  made  from  synthetic  resin 
and  disposed  around  said  outer  peripheral  sur- 

45  face  of  said  shaft  (1)  with  a  space  (10)  defined 
therebetween,  and  at  least  one  coil  (4a)  wound 
around  said  bobbin  (3),  said  tubular  magnetic 
yoke  (5)  being  firmly  fitted  around  said  bobbin  (3) 
to  hold  said  coil  (4a)  therebetween. 

50 
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