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Description 

The  present  invention  relates  to  strain  sensing 
extensometers  having  capacitive  type  detectors 
mounted  on  a  pair  of  movable  mounting  member 
joined  by  flexure  straps,  and  adapted  to  engage  a 
specimen  to  be  sensed  at  the  other  ends  of  the 
arms.  Capacitive  type  detectors  are  mounted  on 
the  respective  mounting  members,  so  that  upon 
movement  of  the  members,  when  a  specimen  to 
which  they  are  coupled  is  subjected  to  strain,  a 
capacitive  type  change  is  sensed  and  the  amount 
of  change  in  signal  is  proportional  to  the  strain  in 
the  specimen. 

In  addition  to  using  relatively  movable  capaci- 
tor  plates  sensing  pure  capacitance,  capacitive 
reactance  sensing  probes  are  also  used.  The 
probes  have  a  centre  capacitive  plate  and  an  outer 
concentric  capacitive  plate,  commonly  called  a 
guard  ring,  which  do  not  move  relative  to  each 
other,  but  which  will  provide  a  signal  depending  on 
the  proximity  of  the  probe  end  to  a  conductor 
surface.  For  example,  cylindrical  capacitive  reac- 
tance  sensing  probes  made  by  Hitec  Products,  Inc. 
of  Ayer,  Massachusetts,  and  sold  as  their  HPC 
Series  probes  under  the  trade  mark  "Proximic" 
have  been  shown  to  be  suitable,  and  are  illustrated 
in  one  form  of  the  present  invention. 

EP-A-0  072  635  discloses  an  electrical  capaci- 
tance  extensometer  comprising  capacitance  sur- 
faces  formed  on  metal  sheathed  mineral  insulated 
cables  and  an  earthed  capacitance  modulating 
member  adapted  to  be  displaced  relative  to  the 
capacitance  surfaces  in  response  to  strain  in  a 
workpiece.  The  extensometer  is  encapsulated  in  a 
stainless  steel  envelope  to  adapt  it  for  use  sub- 
merged  in  liquid  metal. 

This  invention  provides  a  capacitive  extenso- 
meter  having  two  members  for  securing  to  a  speci- 
men  to  be  tested  and  having  a  capacitive  sensor 
which  detects  strain  in  the  specimen  through  the 
displacement  of  the  members,  wherein  the  exten- 
someter  includes  an  assembly  comprising:  a  first 
mounting  member,  and  a  second  mounting  mem- 
ber,  each  having  first  and  second  ends;  means  for 
pivotally  connecting  said  first  and  second  mounting 
members  to  each  other  about  a  pivot  axis  at  sec- 
ond  ends  thereof  to  hold  said  first  and  second 
mounting  members  spaced  apart;  a  capacitive 
reactance  detector  mounted  on  one  of  said  first 
and  second  mounting  members;  means  forming  a 
target  surface  mounted  on  the  other  of  said  first 
and  second  mounting  members  such  that  there  is 
spacing  between  the  end  of  said  capacitive  reac- 
tance  detector  and  said  target  surface  when  said 
first  and  second  mounting  members  are  in  a  rest 
position,  said  target  surface  being  curved  such  that 
said  target  has  a  curved  cross  section  and  said 

capacitive  detector  being  mounted  on  said  one  of 
said  first  and  second  mounting  members  such  that 
when  said  first  and  second  mounting  members 
pivotally  move  relative  to  each  other,  the  arc  in 

5  which  said  capacitive  detector  moves  is  non-con- 
centric  with  the  curve  of  said  target  surface;  and 
means  at  first  ends  of  said  first  and  second  mount- 
ing  members  for  engaging  a  specimen  to  be  test- 
ed. 

io  The  construction  of  the  present  invention  pro- 
vides  a  rugged  extensometer  that  provides  a  very 
usable  signal  with  small  amounts  of  movement, 
and  which  is  easily  mounted  and  adjusted.  The 
capacitive  type  sensing  members  are  mounted  di- 

75  rectly  to  the  arms  and  can  be  adjusted  as  desired. 
Properly  configuring  and  moving  the  relatively 
movable  members  permits  compensation  for  non- 
linearities  in  the  system.  Mechanical  compensation 
simplifies  or  eliminates  the  need  for  the  correction 

20  or  linearising  circuitry  that  is  commonly  required, 
and  enhances  accuracy. 

Preferably  said  capacitive  detector  is  adjustab- 
ly  mounted  for  movement  along  the  longitudinal 
length  of  the  mounting  member  on  which  it  is 

25  mounted. 
The  capacitive  detector  may  be  capable  of 

detecting  spacing  between  said  capacitive  detector 
and  said  target  surface. 

In  any  of  the  above  arrangements  said  capaci- 
30  tive  detector  may  be  a  capacitive  reactance  prox- 

imity  detector. 
In  one  embodiment  of  the  invention  said 

curved  surface  is  concave. 
In  an  alternative  embodiment  said  curved  sur- 

35  face  is  convex. 
In  any  of  the  above  arrangements  said  capaci- 

tive  detector  may  provide  an  output  that  is  a  func- 
tion  of  changes  in  the  spacing  between  said  ca- 
pacitive  detector  and  said  target  surface. 

40  Also  in  any  of  the  above  arrangements  the 
target  surface  may  be  generated  about  a  second 
axis  parallel  to  the  pivot  axis,  the  second  axis  being 
spaced  from  the  pivot  axis. 

The  following  is  a  description  of  some  specific 
45  embodiments  of  the  invention  reference  being 

made  to  the  accompanying  drawings  in  which: 
Figure  1  is  a  side  elevational  view  of  an  exten- 
someter  made  according  to  the  present  inven- 
tion; 

50  Figure  2  is  a  stop  plan  view  thereof; 
Figure  3  is  an  end  view  taken  as  on  line  3-3  in 
Figure  1  ; 
Figure  4  is  a  sectional  view  taken  as  on  line  4-4 
in  Figure  1  ; 

55  Figures  5  and  6  are  a  fragmentary  enlarged 
sectional  view  showing  the  capacitor  plates  used 
in  greatly  separated  position,  and  showing  a 
range  of  motion  between  the  plates; 
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Figure  7  is  a  side  elevational  view  of  a  modified 
form  of  the  device  of  the  present  invention; 
Figure  8  is  a  sectional  view  taken  as  on  line  8-8 
of  Figure  7; 
Figure  9  is  a  side  elevational  view  of  a  further 
embodiment  of  the  present  invention  showing  a 
different  capacitive  type  sensing  probe  oriented 
in  a  different  relationship; 
Figure  10  is  a  side  elevational  view  of  a  still 
further  embodiment  of  the  present  invention  with 
the  probe  positioned  differently  from  that  in  Fig- 
ure  9; 
Figure  11  is  a  sectional  view  taken  as  on  line 
11-11  in  Figure  10; 
Figure  12  is  a  sectional  view  of  a  modified  form 
of  the  present  invention  when  viewed  substan- 
tially  along  the  same  line  as  Figure  11; 
Figure  13  is  a  fragmentary  side  elevational  view 
of  an  extensometer  assembly  having  a  modified 
form  of  the  capacitive  type  probe  mounted 
thereon;  and 
Figure  14  is  a  further  modified,  fragmentary  side 
view  of  an  extensometer  made  according  to  the 
present  invention  showing  a  curved  surface  on 
the  probe  used  in  the  embodiment  of  the  inven- 
tion  shown  in  Figure  13. 

Referring  to  the  drawings,  and  Figures  1-6  in 
particular,  a  capacitive  extensometer  indicated  gen- 
erally  at  10  has  a  pair  of  arms,  including  a  first  arm 
11  and  a  second  arm  12,  which  have  outer  end 
portions  13  and  14,  respectively,  adapted  to  mount 
knife  edges  members  indicated  generally  at  15, 
that  will  engage  a  specimen  16  under  resilient 
loading  of  an  attachment  spring  indicated  at  17  in 
Figure  2.  The  attachment  spring  17  surrounds  the 
specimen  16  (the  attachment  springs  are  removed 
in  Figure  1  for  clarity)  and  the  knife  edges  will 
engage  the  surface  of  the  specimen  16  under 
sufficient  force  so  that  if  the  specimen  changes  in 
length  the  arms  11  and  12  will  shift  relative  to  each 
other.  Specimen  engaging  pins  also  may  be  used 
instead  of  knife  edges. 

The  remote  ends  of  the  extensometer  arms  1  1 
and  12  are  pivotally  mounted  together  with  a  cross 
flexure  assembly  indicated  generally  at  20.  The 
first  arm  11  has  a  mounting  leg  portion  21  that 
depends  from  the  main  part  of  the  arm.  The  arms 
11  and  12  as  shown  in  this  form  of  the  invention 
are  made  in  formed  metal  sections  that  are  gen- 
erally  U-shaped  and  have  spaced  apart  side  walls 
indicated  at  11A  from  which  the  depending  portion 
or  leg  21  is  formed.  The  side  walls  11A  are  sup- 
ported  relative  to  each  other  by  a  cross  support 
1  1  B  having  flanges  spot  welded  in  place  to  the 
legs  11A  for  rigidity.  The  leg  portion  21  has  spaced 
side  walls  forming  continuations  of  walls  11  A. 

A  pair  of  flanges  22  are  formed  one  on  the 
lower  end  of  each  of  the  walls  forming  leg  21  .  The 

flanges  22  extend  at  right  angles  outwardly  from 
the  lower  edges  of  side  walls  of  leg  21.  The  for- 
ward  edge  of  each  side  wall  of  leg  21  has  bent  out 
flanges  indicated  at  23  extending  laterally  out  from 

5  the  forward  edges  of  the  legs  21.  The  flanges  22 
and  23  on  each  of  the  walls  of  leg  21  are  braced 
together  with  a  separate  brace  24,  that  is  formed 
so  that  it  will  fit  against  and  tie  the  flanges  22  and 
23  on  each  side  wall  of  the  leg  21  together. 

io  Likewise,  the  extensometer  arm  12  has  an  up- 
right  support  leg  26  having  spaced  walls.  The  arm 
12  is  also  made  of  formed  sheet  of  metal  and  has 
spaced  apart  side  walls  indicated  at  12A.  There  is 
one  wall  of  leg  26  integral  with  each  of  the  side 

is  walls  12A.  Each  wall  of  support  leg  26  has  a  flange 
27  at  its  upper  edges  bent  horizontally  out  at  right 
angles  to  the  side  surfaces  of  the  leg.  The  walls  of 
leg  26  also  have  vertically  extending  flanges  28  on 
their  forward  edges  that  extend  outwardly  from  the 

20  respective  wall.  The  flanges  27  and  28  on  the 
same  side  of  the  leg  26  are  joined  together  with  a 
brace  29  that  fits  over  the  flanges,  and  has  an 
inclined  portion  extending  therebetween  to  provide 
rigidity  between  the  corresponding  flanges  27  and 

25  28  when  they  are  clamped  in  place. 
A  first  flexure  member,  or  spring  member  in- 

dicated  generally  at  30  is  generally  U-shaped,  hav- 
ing  spaced  legs  32,32  as  can  be  seen  in  Figure  5, 
and  has  a  base  member  31  that  overlies  the  brace 

30  29,  and  is  supported  by  the  flanges  27  on  the 
opposite  sides  of  leg  portion  26  of  arm  12.  The 
flexure  legs  32,32  extend  rearwardly  from  the  base 
31  .  The  legs  32  of  the  spring  flexure  member  are 
supported  against  the  surface  of  the  brace  member 

35  24  and  thus  they  are  supported  or  held  on  both  of 
the  flanges  22  of  the  leg  portion  21  of  arm  1  1  .  The 
legs  32,32  are  held  clamped  on  the  respective 
flange  22  with  cap  screws  37  which  thread  into 
suitable  nut  members  38  to  clamp  the  legs  32,32 

40  of  the  cross  flexure  member  30  in  place  and  hold 
the  braces  24  securely  as  well.  The  flexure  mem- 
ber  base  31  is  clamped  onto  the  flanges  27  and 
the  underlying  portion  of  the  brace  29,  using  cap 
screws  35,  threaded  into  a  suitable  clamp  block  36. 

45  A  second  cross  flexure  member  indicated  gen- 
erally  at  40  is  "I"  shaped  and  has  spaced  end 
portions  42  at  the  top  and  bottom  thereof  and  a 
narrow  center  connector  41  as  shown  in  Figure  5. 
The  top  end  portion  42  is  suitably  clamped  with 

50  cap  screws  43  to  braces  24  and  the  respective 
flanges  23  on  opposite  sides  of  the  arm  11.  Cap 
screws  44  are  used  to  clamp  the  lower  end  portion 
42  of  cross  flexure  40  to  brace  29  and  vertical 
flanges  28.  The  cap  screws  43  and  44  thread  into 

55  suitable  nuts  to  securely  hold  the  assembly  to- 
gether.  The  braces  24  and  29  are  clamped  relative 
to  the  respective  flanges  to  provide  rigidity. 

The  planes  of  the  flexure  members  30  and  40 
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intersect  along  a  pivot  hinge  line  so  the  two  arms 
11  and  12  may  pivot  relative  to  each  other.  The 
pivoting  using  the  flexure  members  is  known  in  the 
prior  art.  In  this  device  the  arms  are  made  of 
formed  sheet  metal  sections  which  are  extremely 
light  and  give  fast  response  without  adding  inertia 
to  the  test  system. 

Movement  of  the  arms  11  and  12  relative  to 
each  other  is  sensed  with  a  capacitive  type  sensor 
assembly  45,  providing  a  pure  capacitance  change 
output.  The  sensor  assembly  45  includes  a  com- 
mon  plate  46  that  is  mounted  onto  the  arm  12 
through  a  mounting  block  47,  which  is  integral  with 
clamp  block  36.  The  mounting  block  47  is  thus 
connected  to  the  flanges  27  through  the  cap 
screws  35. 

Additionally,  there  are  first  and  second  capaci- 
tor  plate  sets  53  and  54  mounted  on  a  plate 
assembly  50  that  includes  a  support  leg  51  that  is 
clamped  with  a  suitable  clamp  assembly  52  to  the 
extensometer  arm  11.  The  plate  assembly  50  in- 
cludes  a  first  capacitor  plate  set  53  formed  of  two 
parallel,  spaced  apart  blades  that  are  mounted  in 
an  insulating  potting  material  in  the  support  leg  51  . 
The  second  capacitor  plate  set  54  is  made  up  of 
two  parallel  blades,  and  these  can  be  seen  in 
Figure  5  as  54A  and  54B,  and  as  can  also  be  seen 
in  Figure  5,  the  blades  54A  are  mounted  in  an 
insulating  potting  material  shown  at  56.  The  com- 
mon  plate  46  passes  between  the  blades  54A  and 
54B,  and  also  between  the  two  blades  forming  the 
capacitor  plate  set  53,  which  are  mounted  iden- 
tically  to  the  blades  54A  and  54B. 

The  unit  thus  makes  a  differential  capacitor,  so 
that  as  the  common  plate  46  moves  between  the 
capacitor  plate  sets  53  and  54  there  is  a  change  in 
capacitance  between  each  of  the  plate  sets  53  and 
54  and  the  common  plate  46,  and  the  changes  in 
capacitance  are  sensed  by  a  known  differential 
capacitance  sensing  circuit  indicated  at  60.  The 
electronics  are  commercially  known,  and  can  be 
any  type  desired. 

The  capacitance  plate  assembly  50  can  be 
adjusted  longitudinally  along  the  arm  1  1  to  change 
the  overlapping  relationship  of  the  respective 
plates.  The  sensing  is  very  simple,  very  accurate, 
and  highly  responsive  to  movements  of  the  speci- 
men  16. 

The  arms  11  and  12  include  a  stop  assembly 
including  a  first  stop  member  62  mounted  on  the 
arm  11  at  the  outer  end  thereof  (the  end  adjacent 
to  the  specimen)  and  a  second  stop  member  63 
that  is  connected  to  the  arm  12.  The  stop  members 
62  and  63  have  interfitting  portions  which  will  abut 
or  engage  to  prevent  excessive  separation  when 
the  arms  11  and  12  move  apart. 

As  can  be  seen  in  Figure  6,  as  the  parts  move, 
the  common  plate  46  will  change  in  its  amount  of 

registry  with  the  blades  forming  the  respective 
plate  sets  53  and  54  to  change  the  capacitance 
output. 

The  plate  46  could  be  a  grounded  shield  plate, 
5  if  desired,  with  the  plates  53B  and  54B  (on  the 

same  side  of  plate  46)  being  connected  as  excita- 
tion  plates.  The  plates  53A  and  54A  (on  the  op- 
posite  side  of  plate  46)  would  be  wired  together  to 
become  effectively  a  single  receiver  plate.  The 

io  position  of  plate  46  would  affect  the  sensed  capaci- 
tance  signal  at  the  effectively  single  receiver  plate 
53A  and  54A  to  provide  a  change  in  output  de- 
pending  on  the  position  of  plate  46.  The  two  wired 
together  receiver  plates  53A  and  54A  would  be 

is  differentially  shielded  by  plate  46  to  cause  an  out- 
put  as  a  function  of  the  different  amount  of  shield- 
ing  of  plates  53A  and  54A.  High  level  capacitance 
output  signals  which  are  very  accurate  are  ob- 
tained. 

20  Figures  7  and  8  show  a  modified  form  of  the 
invention  comprising  an  extensometer  assembly  in- 
dicated  generally  at  70,  having  a  first  arm  71  ,  and  a 
second  arm  72  mounted  together  with  a  flexure 
assembly  73  comprising  a  first  flexure  strap  or 

25  member  74  and  a  second  flexure  strap  or  member 
75.  This  is  a  conventional  cross  flexure  mounting 
assembly  wherein  the  planes  of  the  flexure  mem- 
bers  intersect  and  the  flexure  member  75  passes 
through  an  opening  in  the  center  of  the  flexure 

30  member  74.  One  end  of  the  flexure  member  75  is 
clamped  with  a  suitable  clamp  plate  76  to  a  block 
79  which  is  used  to  clamp  flexure  member  74  to 
the  arm  71.  The  other  end  of  the  flexure  member 
75  is  clamped  to  the  arm  72  with  a  clamping  block 

35  indicated  at  78  fixed  to  arm  72.  A  plate  78A  is  used 
to  clamp  the  end  of  strap  75  to  the  block  78.  As 
stated,  one  end  of  flexure  member  74  is  clamped 
to  the  end  of  the  arm  71  with  block  79,  and  the 
opposite  end  of  the  flexure  member  74  is  clamped 

40  with  clamp  member  79A  to  the  end  of  arm  72. 
The  arms  71  and  72  have  suitable  knife  edges 

80  for  engaging  a  specimen  to  be  tested,  and  an 
over  travel  stop  assembly  81  that  is  used  in  a 
normal  manner. 

45  A  second  form  of  the  capacitive  type  sensing 
assembly  is  shown  at  83,  and  utilizes  a  capacitive 
reactance  type  proximity  detector  84  mounted  on  a 
suitable  adjustable  bracket  85  that  clamps  the 
proximity  detector  (which  is  cylindrical  as  can  be 

50  seen  in  Figure  8)  in  position.  An  adjustable  clamp 
86  is  used  for  clamping  the  bracket  85  to  the  arm 
71  and  permitting  it  to  be  adjusted  in  position 
longitudinally  along  the  arm  toward  and  away  from 
a  conductive  target  member  indicated  generally  at 

55  90  which  can  be  sensed  by  the  proximity  detector 
84.  The  target  90  is  made  to  slide  along  the  arm  72 
and  can  be  secured  with  a  clamp  91  that  can  be 
loosened  for  permitting  the  target  90  to  be  slid 
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longitudinally,  and  then  reclamped  with  the  target 
in  the  desired  position. 

As  can  be  seen  in  Figure  8,  the  proximity 
detector  84  includes  a  first  center  capacitive  plate 
93  and  a  second  outer  concentric  capacitive  plate 
94,  commonly  called  a  guard  ring.  These  plates  93 
and  94  are  electrically  insulated  from  each  other 
and  comprise  capacitive  reactance  detectors  to  de- 
tect  the  gap  between  the  target  member  90,  in 
particular,  the  surface  90A  of  the  target  member 
90,  and  the  adjacent  end  of  the  proximity  detector 
84.  This  gap  is  shown  at  95  in  Figure  7  and  it  can 
be  seen  that  by  making  the  surface  90A  other  than 
a  cylindrical  surface  concentric  with  the  axis  of 
pivot  96  of  the  flexure  members  74  and  75,  the 
proximity  detector  84  will  move  toward  or  away 
from  the  surface  90A  as  the  arms  71  and  72  pivot 
toward  and  away  from  each  other.  The  change  in 
relative  position  of  the  arms  71  and  72  is  thus 
detected  by  the  proximity  detector  84. 

The  proximity  detector  84  also  can  be  used  in 
the  position  that  is  shown  in  Figure  9,  which  is  a 
further  modified  form  of  the  invention,  using  the 
same  extensometer  as  that  shown  in  Figures  7  and 
8.  In  the  form  shown  in  Figure  9,  the  proximity 
detector  84  is  mounted  on  an  L-shaped  bracket 
100  which  has  a  clamp  member  101  for  permitting 
the  bracket  to  be  clamped  to  the  arm  71  of  the 
extensometer.  The  proximity  detector  84  is  posi- 
tioned  above  a  target  plate  102  that  is  clamped 
with  a  pair  of  clamps  103  and  104,  respectively,  to 
the  arm  72.  The  axis  of  proximity  detector  84  is 
perpendicular  to  the  target  plate  102. 

It  can  be  seen  that  the  arm  72  of  the  exten- 
someter  has  a  pair  of  side  legs  72A  and  72B  as 
shown  in  Figure  8,  and  the  arm  71  has  spaced  side 
legs  71  A  and  71  B  so  that  there  is  a  center  opening 
between  these  legs  or  straps,  for  permitting  suit- 
able  clamping  members  to  be  received. 

In  Figure  9,  the  movement  of  the  arms  71  and 
72  relative  to  each  other  will  of  course  increase  or 
decrease  the  gap  indicated  at  105,  and  the  surface 
106  of  the  plate  102  is  a  conductive  surface  which 
affects  the  capacitive  reactance  between  the  plates 
93  and  94  of  the  proximity  detector.  The  conduc- 
tive  surface  is  tied  electrically  to  the  grounding 
circuitry  of  the  capacitive  electronics.  The  proximity 
detector  shown  is  made  by  Hitec  Products,  Inc.  of 
Ayer,  Massachusetts,  and  is  a  conventional  proxim- 
ity  detector  probe. 

A  further  modified  form  of  the  invention  is 
shown  in  Figures  10  and  11  wherein  a  proximity 
detector  84  is  mounted  on  a  bracket  110  and  is 
clamped  to  the  arm  71  of  the  extensometer  assem- 
bly  with  a  suitable  clamp  member  111.  The  prox- 
imity  detector  is  positioned  so  that  its  central  axis 
is  at  an  angle  with  respect  to  the  axis  96  at  the 
center  of  the  flexure  members  74  and  75.  Further, 

the  axis  of  the  proximity  detector  extends  in  direc- 
tion  laterally  across  the  arms  but  at  angle  to  the 
planes  of  the  arms  71  and  72.  A  target  member 
112  is  provided  on  the  arm  72,  and  is  clamped  in 

5  place  with  a  clamp  plate  113  using  suitable  cap 
screws.  The  target  member  112  has  a  planar  or 
slightly  curved  surface  115  that  is  generally  per- 
pendicular  to  the  axis  of  the  proximity  detector  84 
in  a  rest  position,  but  is  inclined  relative  to  the 

io  planes  of  the  arms  71  and  72  at  an  oblique  angle. 
As  shown,  the  surface  115  is  also  at  an  angle 

with  respect  to  the  axis  of  hinging  96  of  the  arms 
71  and  72  formed  by  the  intersection  of  the  flexure 
members. 

is  As  the  arms  71  and  72  separate  during  loading 
of  a  specimen  (not  shown  in  this  form)  the  move- 
ment  of  the  proximity  detector  84  as  the  arms 
separate  will  cause  end  surface  84A  to  move  far- 
ther  from  surface  115.  When  the  proximity  detector 

20  is  connected  to  suitable  sensing  circuitry,  a  signal 
will  be  provided  which  indicates  the  position  that 
the  proximity  detector  has  assumed  relative  to  sur- 
face  115.  The  incline  of  the  surface  115  relative  to 
the  axis  of  pivot  of  arms  71  and  72  can  be 

25  changed  to  accommodate  for  change  of  sensitivity 
of  the  output  signals  if  desired.  Surface  115  may 
be  made  with  a  slightly  curved  cross  section  shape 
to  tend  to  compensate  for  minor  nonlinearities  if 
desired.  Very  accurate  signals  from  the  sensor 

30  substantially  linear  with  respect  to  the  gap  can  be 
obtained  using  commercial  electronics. 

The  proximity  detector  and  the  target  member 
112  are  adjustable  along  the  lengths  of  the  arms  71 
and  72  for  changing  the  sensitivity  and  providing 

35  an  accurate  output  signal  proportional  to  the  strain 
of  the  specimen,  which  is  in  turn  caused  by  the 
loading  of  the  specimen. 

In  Figure  12,  a  modified  form  of  the  device 
shown  in  Figures  10  and  11  is  illustrated.  Exten- 

40  someter  arms  71  and  72,  having  portions  71  A,  71  B 
and  72A  and  72B  are  shown. 

In  this  form  of  the  invention,  there  are  two 
proximity  detectors  indicated  at  84A  and  84B.  The 
detectors  are  mounted  on  a  bracket  125  that  in  turn 

45  is  clamped  with  a  suitable  clamp  member  126  to 
the  arm  portions  71  A  and  71  B.  The  clamp  member 
126  has  clamp  portions  128  and  129  which  extend 
out  on  opposite  sides  of  the  arms.  Clamp  portion 
128  mounts  the  proximity  detector  84A,  and  clamp 

50  portion  129  mounts  the  proximity  detector  84B. 
A  target  member  indicated  at  130  is  mounted 

onto  the  arm  portions  72A  and  72B  with  a  suitable 
clamp  member  131  that  clamps  the  target  member 
in  place.  As  shown,  the  target  member  130  has 

55  upwardly  extended  surfaces  133  and  134,  which 
taper  toward  each  other  in  direction  toward  arm  71  . 
The  surfaces  133  and  134  are  adjacent  to  and 
generally  parallel  to  the  ends  of  the  proximity  de- 

5 
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tectors  84A  and  84B,  respectively.  These  surfaces 
have  a  sufficient  length  in  direction  along  the  length 
of  the  arms  to  provide  a  suitable  target  surface. 
The  length  of  the  member  130  is  substantially 
equal  to  that  shown  for  the  target  member  112  in 
Figure  10. 

When  two  proximity  detectors  are  utilized  as 
shown,  the  output  signal  can  be  increased  by  con- 
necting  the  proximity  detectors  in  a  two  channel 
sensing  circuit.  The  device  shown  in  Figure  12  is 
useful  in  that  the  electrical  effect  of  any  side  to 
side  movement  or  lateral  movement  of  the  arms  71 
and  72  relative  to  each  other  can  be  cancelled, 
because  one  of  the  proximity  detectors  would  be 
moving  closer  to  its  associated  surface  while  the 
other  detector  was  moving  an  equal  amount  away 
from  its  associated  surface  133  or  134,  respec- 
tively. 

The  two  target  surfaces  are  symmetrical  about 
a  central  longitudinal  plane  and  with  detectors  also 
symmetrical  about  this  plane  they  provide  position 
sensing  that  is  not  as  easily  affected  by  side  to 
side  arm  movement  as  the  device  shown  in  Figure 
11. 

The  target  surfaces  133  and  134  can  be  made 
convex  or  concave  to  compensate  linearity  as  the 
arms  71  and  72  separate.  The  proximity  detectors 
84A  and  84B  both  move  away  from  the  adjacent 
surfaces  133  and  134  simultaneously,  to  provide  an 
indication  of  extensometer  arm  movement,  which  in 
turn  is  an  indication  of  specimen  elongation  or 
other  motion  being  sensed. 

Figure  13  illustrates  a  further  modified  form  of 
the  invention  wherein  the  surface  of  the  target 
member  is  curved  to  be  convex,  or  in  reverse 
direction  from  the  curvature  shown  in  Figure  7.  The 
direction  that  the  proximity  detector  faces  is  re- 
versed  as  well  in  that  the  gap  sensing  end  of  the 
detector  must  face  the  target  surface. 

In  Figure  13,  the  extensometer  70  is  construct- 
ed  as  shown  in  Figures  7-11,  and  has  a  first  arm 
71  and  a  second  arm  72  which  are  pivotally  moun- 
ted  together  at  first  ends  with  a  cross  flexure  as- 
sembly  73.  The  cross  flexure  assembly  is  made  in 
the  same  manner  as  previously  described. 

In  this  form  of  the  invention,  a  proximity  detec- 
tor  84C  is  mounted  on  a  suitable  clamp  bracket 
140  that  has  an  upper  portion  141  that  clamps  onto 
the  arm  71.  The  bracket  140  has  a  lower  clamp 
portion  142  that  receives  the  proximity  detector 
84C  and  holds  it  in  place.  The  proximity  detector 
84C  is  made  as  previously  described,  and  is  posi- 
tioned  adjacent  to  a  target  member  145  which  is 
held  onto  the  arm  72  with  a  suitable  clamp  146. 
The  target  member  145  has  a  target  surface  147 
that  is  a  convex  surface  facing  the  proximity  detec- 
tor  84C.  In  cross  section,  the  curve  of  the  surface 
147  is  a  part  circle  but  the  center  of  the  arc  is  not 

at  the  pivot  axis  of  the  extensometer  arms.  For 
example,  the  axis  of  the  surface  147  as  shown  is 
located  at  center  point  150,  which  is  below  the 
intersection  of  the  flexure  members  74  and  75.  The 

5  cross  flexure  intersection,  which  is  shown  at  96,  is 
the  hinge  axis  or  hinge  line  for  the  arms  71  and  72 
as  the  outer  ends  of  the  arms  tend  to  separate. 
Thus,  as  the  arms  71  and  72  pivot,  each  degree  of 
pivoting  about  the  hinge  axis  shown  at  96  will 

io  cause  a  spacing  change  or  gap  between  the  end  of 
the  proximity  detector  84C  and  the  target  surface 
147.  As  can  be  seen  with  the  center  point  150 
positioned  as  shown,  the  spacing  between  the  end 
of  the  proximity  detector  84C  and  the  surface  147 

is  will  increase  as  the  outer  ends  of  the  arms  tend  to 
separate. 

Figure  14  shows  a  further  modified  target 
member  and  proximity  detector.  A  proximity  detec- 
tor  84D  is  mounted  in  a  bracket  140  such  as  that 

20  shown  in  Figure  13,  and  is  held  in  a  clamp  142 
relative  to  target  member  145  which  is  the  same  as 
the  target  member  shown  in  Figure  13.  The  target 
member  145  has  a  convex  surface  147.  The  sens- 
ing  end  surface  indicated  at  153  of  the  proximity 

25  detector  84D  is  ground  to  a  radius  that  generally 
corresponds  to  the  radius  of  the  surface  147,  so 
that  as  the  detector  moves,  the  effects  of  changing 
spacing  at  the  outer  peripheral  edges  of  the  prox- 
imity  detector  or  probe,  commonly  called  the  fringe 

30  effects,  are  minimized.  The  center  of  the  arc  of 
surface  147  is  also  positioned  so  the  gap  between 
surface  147  and  surface  153  changes  as  the  exten- 
someter  arms  pivot. 

In  the  present  embodiments,  two  different 
35  forms  of  sensing  are  shown.  The  first  is  a  pure 

capacitance  measurement  using  a  constant  gap 
system  such  as  that  shown  in  Figure  6,  where  the 
area  between  the  capacitor  plates  changes,  as  the 
arms  separate.  Variable  area  capacitors  generally 

40  will  use  a  constant  voltage  supply  for  exitation,  and 
the  capacitor  plates  will  be  coupled  into  a  one  half 
bridge  configuration,  which  is  commonly  known. 
This  configuration  is  very  sensitive  to  changes  in 
gap  caused  by  any  side  to  side  movement  of  the 

45  arms.  Thus  in  Figure  6,  in  particular,  if  the  exten- 
someter  arms  shift  side  to  side  substantial  inac- 
curacies  will  result. 

When  using  a  capacitive  reactance  proximity 
detector  such  as  those  shown  at  84-84D,  the  sens- 

50  ing  circuitry  uses  a  constant  current  circuitry  sys- 
tem  and  the  output  will  be  variable  voltage.  With  a 
constant  current  sensing  circuitry  the  voltage  out- 
put  from  the  circuitry  using  capacitive  reactance 
detector  84-84D  is  basically  linear  with  gap  change 

55  except  for  second  and  third  order  effects,  as  distin- 
guished  from  pure  capacitance  sensors. 

Since  it  is  known  that  even  with  the  proximity 
detectors  there  is  a  certain  nonlinear  output  in  the 

6 
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constant  current  circuitry,  due  to  "fringe"  effects 
and  the  like,  the  target  surfaces  can  be  configured 
for  compensation.  In  Figure  7  a  concave  surface  is 
shown  as  a  target  surface  for  a  proximity  detector 
and  by  making  the  radius  of  the  surface  90A  a 
smaller  or  larger  radius  than  the  radius  of  move- 
ment  of  the  extensometer  arms,  nonlinear  changes 
in  the  gap  will  result  in  variation  in  output  signals 
which  can  be  selected  to  compensate  to  a  certain 
extent  at  least,  nonlinearities  of  the  constant  current 
output  circuitry.  Using  the  extensometer  geometry, 
one  can  vary  the  incremental  change  in  spacing  of 
the  probe  and  target  surface  at  different  positions 
of  the  extensometer  arms  by  moving  the  center  of 
the  arc  of  the  curved  concave  surface  90A  in  a 
selected  direction  from  its  normal  location,  which 
would  be  generally  along  a  bisecting  plane  of  the 
flexure  member  74.  Usually,  the  center  for  the  arc 
90A  would  be  at  a  center  point  shown  at  90B 
(Figure  7),  and  the  center  of  convex  arc  147 
(Figure  13)  would  be  at  center  point  150,  so  that  as 
the  extensometer  arms  tend  to  separate,  the  prox- 
imity  detector  or  probe  then  would  move  farther 
away  from  the  target  surface  for  each  degree  of 
pivoting  of  the  arms  as  the  spacing  between  the 
outer  ends  of  the  extensometer  arms  increases. 
The  distance  that  the  center  90B  or  the  center  150 
is  offset  vertically  from  the  pivot  axis  96  of  the  arm 
determines  the  gain  or  span  of  the  output. 

There  is  a  nonlinearity  in  proximity  probes  84. 
The  detectors  have  a  slight  droop  to  their  output 
curve  when  output  is  plotted  relative  to  spacing 
from  a  target  surface,  and  this  is  primarily  caused 
by  fringe  effects  such  as  stray  capacitive  reactance 
signals  along  the  edges  of  the  detector  as  the 
spacing  increases.  By  properly  selecting  the  target 
surface  curvature,  and  also  selecting  the  position  of 
the  center  of  the  curvature  of  the  target  surface 
relative  to  the  pivoting  axis  of  the  arms,  certain 
nonlinearities  can  be  compensated  for.  A  "best  fit" 
approximation  for  linearity  can  be  made  by  calibra- 
tion  and  experimentation  and  some  linearity  com- 
pensation  can  be  achieved  by  making  the  radius  of 
the  curvature  of  the  target  surface  longer  or  shor- 
ter.  For  example,  moving  the  center  90B  or  the 
center  150  horizontally  from  the  position  shown  in 
Figures  7  and  13  will  provide  linearity  compensa- 
tion.  Thus,  the  center  of  arc  is  located  to  achieve 
desired  range  or  gain  as  well  as  some  linearity 
compensation  and  the  radius  of  the  target  surface 
also  is  selected  to  aid  linearization. 

The  target  surfaces  do  not  have  to  have  a 
uniform  radius  curve,  but  could  have  a  changing 
radius  along  the  surface. 

While  various  methods  of  hinging  the  exten- 
someter  arms  are  possible,  when  using  capacitive 
sensing  it  can  be  seen  that  any  looseness  or 
compliance  in  the  hinge  can  be  very  detrimental. 

The  cross  flexure  mounting  is  very  rigid  in  resisting 
side  to  side  arm  movement  and  is  thus  very  effec- 
tive. 

The  electronics  used  may  be  commercially 
5  available  capacitive  sensing  circuits. 

The  term  "capacitive  detector"  or  detector 
means  is  meant  to  include  the  pure  capacitive 
sensor  shown  in  Figures  1-6  and  also  a  capacitor 
plate  mounted  adjacent  to  a  target  surface  for  pure 

io  capacitance  sensing  in  place  of  capacitive  reac- 
tance  proximity  detectors  84-84D.  For  pure  capaci- 
tance  sensing  the  target  surface  would  form  a 
second  capacitor  plate  and  changes  in  gap  be- 
tween  the  two  plates  would  cause  a  change  in  pure 

is  capacitance  which  is  a  function  of  gap.  The  sens- 
ing  circuitry  would  provide  an  output  indicating  the 
change  in  the  gap.  The  plates  would  be  electrically 
insulated  from  the  extensometer  arms.  Lineariza- 
tions  of  the  output  of  a  pure  capacitive  sensor  can 

20  be  achieved  by  electronic  means  and  also  com- 
pensated  partially  at  least  by  making  the  target 
surface  a  special  shape. 

In  all  forms  of  the  invention,  the  extensometer 
arms  are  very  rigidly  connected  together  with  ei- 

25  ther  a  cross  flexure  assembly  or  parallel  flexure 
straps  so  that  the  arms  do  not  move  laterally 
relative  to  each,  but  yet  move  easily  relative  to 
each  other  in  the  desired  direction,  and  permit  the 
capacitance  sensors  to  be  mounted  to  sense  arm 

30  movements. 
Low  cost,  reliable  operation  is  thus  achieved. 

Claims 

35  1.  A  capacitive  extensometer  having  two  mem- 
bers  for  securing  to  a  specimen  to  be  tested 
and  having  a  capacitive  sensor  which  detects 
strain  in  the  specimen  through  the  displace- 
ment  of  the  members,  characterised  in  that  the 

40  extensometer  includes  an  assembly  compris- 
ing: 

a  first  mounting  member  (71),  and  a  sec- 
ond  mounting  member  (72),  each  having  first 
and  second  ends; 

45  means  for  pivotally  connecting  said  first 
and  second  mounting  members  (71,  72)  to 
each  other  about  a  pivot  axis  at  second  ends 
thereof  to  hold  said  first  and  second  mounting 
members  spaced  apart; 

50  a  capacitive  reactance  detector  (84)  moun- 
ted  on  one  of  said  first  and  second  mounting 
members; 

means  forming  a  target  surface  (90A) 
mounted  on  the  other  of  said  first  and  second 

55  mounting  members  such  that  there  is  spacing 
between  the  end  of  said  capacitive  reactance 
detector  (84)  and  said  target  surface  when  said 
first  and  second  mounting  members  are  in  a 
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rest  position,  said  target  surface  (90A)  being 
curved  such  that  said  target  (90)  has  a  curved 
cross  section  and  said  capacitive  detector  be- 
ing  mounted  on  said  one  of  said  first  and 
second  mounting  members  such  that  when 
said  first  and  second  mounting  members  pivot- 
ally  move  relative  to  each  other,  the  arc  in 
which  said  capacitive  detector  (84)  moves  is 
non-concentric  with  the  curve  of  said  target 
surface;  and 

means  at  first  ends  of  said  first  and  sec- 
ond  mounting  members  for  engaging  a  speci- 
men  to  be  tested. 

2.  An  extensometer  as  claimed  in  Claim  1, 
characterised  in  that  said  capacitive  detector 
(84)  is  adjustably  mounted  for  movement  along 
the  longitudinal  length  of  the  mounting  mem- 
ber  on  which  it  is  mounted. 

3.  An  extensometer  as  claimed  in  Claim  1  or 
Claim  2,  characterised  in  that  said  capacitive 
detector  (84)  is  capable  of  detecting  spacing 
between  said  capacitive  detector  (84)  and  said 
target  surface  (90A). 

4.  An  extensometer  as  claimed  in  any  of  Claims 
1  to  3,  characterised  in  that  said  capacitive 
detector  (84)  is  a  capacitive  reactance  proxim- 
ity  detector. 

5.  An  extensometer  as  claimed  in  any  of  Claims 
1  to  4,  characterised  in  that  said  curved  sur- 
face  (90A)  is  concave. 

6.  An  extensometer  as  claimed  in  any  of  Claims 
1  to  4,  characterised  in  that  said  curved  sur- 
face  (90A)  is  convex. 

7.  An  extensometer  as  claimed  in  any  of  Claims 
1  to  6,  characterised  in  that  said  capacitive 
detector  (84)  provides  an  output  that  is  a  func- 
tion  of  changes  in  the  spacing  between  said 
capacitive  detector  (84)  and  said  target  surface 
(90A). 

8.  An  extensometer  as  claimed  in  any  of  Claims 
1  to  7,  characterised  in  that  the  target  surface 
(90A)  is  generated  about  a  second  axis  parallel 
to  the  pivot  axis,  the  second  axis  being  spaced 
from  the  pivot  axis. 

Patentanspruche 

1.  Kapazitives  Dehnungsme/Sgerat  mit  zwei  Teilen 
fur  die  Befestigung  eines  zu  prufenden  Gegen- 
standes  und  mit  einem  Kapazitatssensor,  der 
die  Belastung  in  dem  Gegenstand  durch  die 

Verschiebung  der  Teile  erfa/St,  dadurch  ge- 
kennzeichnet,  da/S  das  Dehnungsme/Sgerat 
eine  Anordnung  mit  folgendem  aufweist: 

5  ein  erstes  Befestigungsteil  (71)  und  ein  zweites 
Befestigungsteil  (72),  die  je  erste  und  zweite 
Enden  aufweisen; 

Mittel,  mit  welchen  die  ersten  und  zweiten  Be- 
io  festigungsteile  (71,72)  schwenkbeweglich  urn 

eine  Schwenkachse  an  den  zweiten  Enden  die- 
ser  miteinander  verbunden  sind,  urn  die  ersten 
und  zweiten  Befestigungsteile  voneinander  be- 
abstandet  zu  halten; 

15 
einen  Kapazitats-Reaktanzdetektor  (84),  der 
auf  dem  ersten  und  dem  zweiten  Befesti- 
gungsteil  befestigt  ist; 

20  Mittel,  die  eine  Zieloberflache  (90A)  bilden,  die 
auf  den  ersten  und  zweiten  Befestigungsteilen 
derart  gelagert  ist,  da/S  ein  Abstand  zwischen 
den  Enden  des  Kapazitats-Reaktanzdetektors 
(84)  und  der  Zieloberflache  dann  besteht, 

25  wenn  die  ersten  und  zweiten  Befestigungsteile 
sich  in  einer  Ruhestellung  befinden,  wobei  die 
Zieloberflache  (90A)  derart  gekrummt  ist,  da/S 
das  Ziel  (90)  einen  gekrummten  Querschnitt 
aufweist  und  der  Kapazitatsdetektor  auf  einem 

30  der  ersten  und  zweiten  Befestigungsteile  derart 
gelagert  ist,  da/S,  wenn  die  ersten  und  zweiten 
Befestigungsteile  sich  schwenkbeweglich  rela- 
tiv  zueinander  bewegen,  der  Bogen,  in  wel- 
chem  sich  der  Kapazitatsdetektor  (84)  bewegt, 

35  nicht  konzentrisch  mit  der  Krummung  der  Ziel- 
oberflache  ist;  und 

Einrichtungen  an  den  ersten  Enden  der  ersten 
und  zweiten  Befestigungsteile  fur  die  Anlage 

40  an  dem  zu  prufenden  Gegenstand. 

2.  Dehnungsme/Sgerat  nach  Anspruch  1,  dadurch 
gekennzeichnet,  da/S  der  Kapazitatsdetektor 
(84)  einstellbar  fur  eine  Bewegung  entlang  der 

45  Langserstreckung  des  Befestigungsteils  gela- 
gert  ist,  auf  welchem  er  befestigt  ist. 

3.  Dehnungsme/Sgerat  nach  einem  der  Anspruche 
1  und  2,  dadurch  gekennzeichnet,  da/S  der 

50  Kapazitatsdetektor  (84)  in  der  Lage  ist,  den 
Abstand  zwischen  dem  Kapazitatsdetektor  (84) 
und  der  Zieloberflache  (90A)  zu  erfassen. 

4.  Dehnungsme/Sgerat  nach  einem  der  Anspruch 
55  1  bis  3,  dadurch  gekennzeichnet,  da/S  der  Ka- 

pazitatsdetektor  (84)  ein  Kapazitats-Reaktanz- 
Nahedetektor  ist. 

8 
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5.  Dehnungsme/Sgerat  nach  einem  der  Anspruche 
1  bis  4,  dadurch  gekennzeichnet,  da/S  die  ge- 
krummte  Oberflache  (90A)  konkav  ist. 

6.  Dehnungsme/Sgerat  nach  einem  der  Anspruche 
1  bis  4,  dadurch  gekennzeichnet,  da/S  die  ge- 
krummte  Oberflache  (90A)  konvex  ist. 

7.  Dehnungsme/Sgerat  nach  einem  der  Anspruche 
1  bis  6,  dadurch  gekennzeichnet,  da/S  der  Ka- 
pazitatsdetektor  (84)  ein  Ausgangssignal  er- 
zeugt,  das  eine  Funktion  der  Anderungen  in 
dem  Abstand  zwischen  dem  Kapazitatsdetek- 
tor  (84)  und  der  Zieloberflache  (90A)  ist. 

8.  Dehnungsme/Sgerat  nach  einem  der  Anspruche 
1  bis  7,  dadurch  gekennzeichnet,  da/S  die  Ziel- 
oberflache  (90A)  urn  eine  zweite  Achse  parallel 
zu  der  Schwenkachse  erzeugt  ist,  wobei  die 
zweite  Achse  von  der  Schwenkachse  beab- 
standet  ist. 

Revendicatlons 

1.  Extensometre  capacitif  comportant  deux  ele- 
ments  pour  immobiliser  une  eprouvette  a  tes- 
ter  et  comportant  un  detecteur  capacitif  qui 
detecte  la  contrainte  dans  I'eprouvette  au 
moyen  du  deplacement  des  elements,  caracte- 
rise  en  ce  que  I'extensometre  contient  un  as- 
semblage  qui  comprend  : 

un  premier  element  de  montage  (71),  et  un 
second  element  de  montage  (72),  chacun 
ayant  une  premiere  et  une  seconde  extremites 

un  moyen  pour  relier  I'un  a  I'autre  de 
maniere  a  pouvoir  pivoter  ledit  premier  et  ledit 
second  elements  de  montage  (71,  72)  autour 
d'un  axe  de  pivot  situe  aux  secondes  extremi- 
tes  pour  maintenir  ecartes  ledit  premier  et  ledit 
second  elements  de  montage  ; 

un  detecteur  capacitif  a  reactance  (84) 
monte  sur  I'un  desdits  premier  et  second  ele- 
ments  de  montage  ; 

un  moyen  formant  une  surface  cible  (90A) 
montee  sur  I'autre  desdits  premier  et  second 
elements  de  montage  de  sortie,  de  maniere  a 
ce  qu'il  y  ait  un  espace  entre  I'extremite  dudit 
detecteur  capacitif  a  reactance  (84)  et  ladite 
surface  cible  lorsque  lesdits  premier  et  second 
elements  de  montage  sont  en  position  de  re- 
pos,  ladite  surface  cible  (90A)  etant  courbe  de 
sorte  que  ladite  cible  (90)  a  une  coupe  trans- 
versale  courbe  et  ledit  detecteur  capacitif  etant 
monte  sur  ledit  un  desdits  premier  et  second 
elements  de  montage  de  sorte  que  lorsque 
lesdits  premier  et  second  elements  de  monta- 
ge  se  deplacent  de  maniere  pivotante  I'un  par 

rapport  a  I'autre,  Tare  suivant  lequel  ledit  de- 
tecteur  capacitif  (84)  se  deplace  n'est  pas 
concentrique  avec  la  courbe  de  ladite  surface 
cible  ;  et 

5  un  moyen  situe  aux  premieres  extremites 
desdits  premier  et  second  elements  de  monta- 
ge,  pour  serrer  une  eprouvette  a  tester. 

2.  Extensometre  selon  la  revendication  1,  carac- 
io  terise  en  ce  que  ledit  detecteur  capacitif  (84) 

est  monte  de  maniere  reglable  pour  permettre 
le  deplacement  longitudinal  le  long  de  I'ele- 
ment  de  montage  sur  lequel  il  est  monte. 

is  3.  Extensometre  selon  la  revendication  1  ou  la 
revendication  2,  caracterise  en  ce  que  ledit 
detecteur  capacitif  (84)  est  capable  de  detecter 
I'ecartement  entre  ledit  detecteur  capacitif  (84) 
et  ladite  face  cible  (90A). 

20 
4.  Extensometre  selon  I'une  quelconque  des  re- 

vendications  1  a  3,  caracterise  en  ce  que  ledit 
detecteur  capacitif  (84)  est  un  detecteur  capa- 
citif  de  proximite  a  reactance. 

25 
5.  Extensometre  selon  I'une  quelconque  des  re- 

vendications  1  a  4,  caracterise  en  ce  que 
ladite  surface  courbe  (90A)  est  concave. 

30  6.  Extensometre  selon  I'une  quelconque  des  re- 
vendications  1  a  4,  caracterise  en  ce  que 
ladite  surface  courbe  (90A)  est  convexe. 

7.  Extensometre  selon  I'une  quelconque  des  re- 
35  vendications  1  a  6,  caracterise  en  ce  que  ledit 

detecteur  capacitif  (84)  fournit  un  signal  de 
sortie  qui  est  fonction  de  la  variation  d'ecarte- 
ment  entre  ledit  detecteur  capacitif  (84)  et  ladi- 
te  surface  cible  (90A). 

40 
8.  Extensometre  selon  I'une  quelconque  des  re- 

vendications  1  a  7,  caracterise  en  ce  que  la 
surface  cible  (90A)  est  formee  autour  d'un 
second  axe  parallele  a  I'axe  de  pivot,  le  se- 

45  cond  axe  etant  ecarte  de  I'axe  de  pivot. 

50 

55 
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