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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  an  ultrasonic  method  for  measurement  of  the  depth  of  any  surface 
opening  flaw  existent  in  a  solid  mass. 

The  term  "surface  opening  flaw"  in  a  solid  mass  used  herein  does  not  only  refer  to  a  flaw  developed  as 
open  on  the  surface  of  parts  or  members  of  whatever  the  height,  composing,  for  example,  electrical, 
mechanical  equipment  or  installation,  etc.  in  various  industrial  fields,  but  to  a  flaw  not  so  opening  but 

io  existent  very  closely  to  the  surface.  More  particularly,  the  surface  opening  flaws  or  open-on-surface  flaws 
include  a  variety  of  cracks  such  as  weld  cracking  in  a  welded  portion,  quench  crack  caused  during  a  heat 
treatment,  grinding  crack  yielded  during  grinding,  stress  corrosion  cracking,  etc.  and  fatigue  crack,  etc.  in 
materials,  to  all  of  which  the  present  invention  is  applicable.  Also,  the  term  "solid  mass"  described  herein 
refers  to  a  mass  of  a  metal  as  well  as  a  mass  of  a  nonmetal  such  as  glass,  ceramics,  synthetic  resin, 

75  rubber,  etc.  through  which  the  ultrasonic  waves  can  be  propagated. 
The  "depth  of  surface  opening  flaw"  points  herein  to  the  vertical  distance  from  the  surface  of  a  solid 

mass  on  which  the  flaw  opens  to  the  end  of  the  depth  in  the  solid  mass. 

BACKGROUND  ART 
20 

For  an  ultrasonic  measurement  of  the  depth  of  a  flaw  opened  on  the  surface  of  a  solid  mass,  such  as 
weld  cracking  in  a  welded  portion,  fatigue  crack  in  a  member  portion  in  which  stresses  concentrate,  etc., 
various  methods  have  recently  been  studied  because  of  the  necessity  for  the  measured  information,  and 
the  results  from  the  studies  have  been  reported.  For  example,  (1)  the  measurement  of  the  fatigue-crack 

25  depth  by  the  end  peak  echo  method  is  reported  in  the  "Nondestructive  Inspection"  Vol.  31,  No.  9,  Sept., 
1982,  pp.  690  -  691,  (2)  the  method  for  inspection  of  crack  using  scattered  ultrasonic  waves  is  disclosed  in 
the  "Nondestructive  Inspection"  Vol.  29,  No.  2,  Feb.,  1980,  pp.  136  -  137,  (3)  the  measurement  of  the 
height  of  incomplete  penetration  in  a  welded  portion  of  steel  plates  is  disclosed  in  the  "Non-destructive 
Inspection"  Vol.  34,  No.  2,  Feb.,  1985,  pp.  112  -  113,  and  (4)  the  accuracy  of  measurement  of  the  notch 

30  depth  based  on  time  lapse  of  ultrasonic  wave  is  described  in  the  "Nondestructive  Inspection"  Vol.  29,  No. 
2,  Feb.,  1980,  pp.  130-131. 

In  the  measurement  disclosed  in  the  report  (1),  a  spot-focusing  type  longitudinal  wave  angle  probe  is 
used  to  measure  the  relation  between  the  beam  path  and  various  kinds  of  depth  of  slits  formed  axially  in 
the  inner  wall  of  the  bend  of  a  pipe  from  the  outer  circumference  of  the  pipe  by  the  end  peak  echo  method, 

35  thereby  determining  the  crack  depth  from  a  calibration  curve  prepared  based  on  the  measured  beam  path. 
In  the  method  for  crack  measurement  using  scattered  ultrasonic  waves  in  the  above  report  (2),  a  probe  is 
used  which  has  arrayed  therein  an  ultrasound  transmitting  transducer  and  a  receiving  transducer  arrayed 
symmetrically  with  respect  to  a  partition  sheet.  When  ultrasonic  waves  are  radiated  from  the  transmitting 
transducer  toward  an  object  immersed  in  water,  a  difference  in  time  At  of  the  reception  of  scattered  waves 

40  by  the  receiving  transducer  between  when  the  object  has  a  flaw  and  when  the  object  has  no  flaw  is 
measured.  Utilizing  the  correlation  between  the  time  difference  At  and  the  flaw  depth  d,  the  flaw  depth  d  is 
determined.  In  the  method  described  in  the  above  report  (3),  a  two-transducer  vertical-type  probe  is  used 
and  placed  on  the  one-side  butt  joint  of  a  plate  finished  smooth  and  having  a  thickness  t  (9  to  12  mm  in  the 
report).  The  depth  of  penetration  d  in  the  welded  portion  is  directly  read  from  the  time  base  of  the  ultrasonic 

45  flaw  detector  and  compared  with  the  plate  thickness,  thereby  measuring  the  height  of  incomplete  penetra- 
tion  h  =  (t  -  d).  In  the  method  disclosed  in  the  above  report  (4),  an  ultrasonic  flaw  detector  permitting  to 
measure  the  time  of  ultrasound  propagation  with  a  high  accuracy  is  used  to  determine  the  notch  depth 
based  on  the  propagation  time  measured  by  any  of  the  end  peak  echo  method,  short-pulsed  shear  wave 
method  or  surface  wave  method.  Among  the  methods  disclosed  in  these  reports,  the  method  in  the  report 

50  (1)  needs  to  detect  the  position  of  peak  echo  from  the  end  of  fatigue  crack.  The  method  in  the  report  (2) 
necessitates  the  detection  of  the  rise  time  of  the  waveform  of  the  received  scattered  wave.  Also,  the  method 
in  the  report  (3)  requires  the  detection  of  echoes  from  an  incomplete  penetration  and  positions  of  the 
echoes  on  the  time  base,  which  are  displayed  on  the  ultrasonic  flaw  detector.  More  particularly,  the  method 
in  the  report  (2)  is  a  method  in  which  the  measurement  is  done  using  a  water  bath  in  which  the  object  is  to 

55  be  immersed  and  the  probe  must  be  placed  just  above  the  surface  opening  flaw  in  the  object.  Thus,  this 
method  can  be  applied  to  a  limited  range  of  objects.  The  method  in  the  report  (3)  is  to  be  done  with  the 
transducer  placed  directly  on  the  object  and  applicable  to  a  limited  range  of  objects  as  described  with  the 
method  in  the  report  (2).  In  the  method  disclosed  in  the  report  (4),  the  end  peak  echo  method  and  short- 
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pulsed  shear  wave  method  necessitate  the  detection  of  the  positions  of  the  peak  echoes  as  in  the  method 
in  the  report  (1),  and  the  surface  wave  method  needs  the  detection  of  the  displayed  positions  of  echoes  on 
the  CRT  screen  because  the  depth  of  notch  is  to  be  determined  from  the  propagation  time  of  the  surface 
wave.  Thus,  in  all  the  methods  disclosed  in  the  reports  (1)  through  (4),  it  is  necessary  to  detect  the  echoes 

5  from  the  surface  opening  flaw  and  the  appearing  positions  of  echoes,  and  the  accuracy  of  the  measurement 
depends  upon  this  accuracy  of  this  detection. 

Among  the  above-mentioned  methods,  the  end  peak  echo  method  is  generally  regarded  as  the  most 
popular  one.  A  method  of  measuring  the  depth  of  a  surface  opening  flaw  using  this  method  is  described  in 
the  "Ultrasonic  flaw-detecting  test  B"  -  Japan  Nondestructive  Inspection  Association  (1978),  pp.  117  to  118. 

io  The  method  of  measuring  in  consideration  will  be  outlined  with  reference  to  Figs.  11  and  12.  In  Figures,  the 
reference  numeral  10  indicates  an  object  under  measurement  in  which  a  planar  flaw  10a  is  intentionally 
formed  which  has  a  depth  d  and  opens  on  the  surface  of  the  object.  The  reference  numeral  10b  indicates  a 
searching  surface  of  the  object  10,  10c  indicates  the  end  of  the  flaw  10a  and  10d  indicates  the  bottom 
(opposite  to  the  searching  surface  10)  of  the  object  10.  The  reference  numeral  20  indicates  an  ordinary 

is  angle  probe  or  spot-focusing  angle  probe  (will  be  referred  to  as  "angle  probe"  hereinafter).  The  angle  probe 
20  is  placed  in  contact  with  the  searching  surface  10b,  and  transmits  ultrasonic  waves  while  scanned  back 
and  forth  in  the  direction  of  arrow  A  or  B  so  as  to  pick  up  the  echoes  from  the  end  10c  of  the  flaw.  The 
reference  numerals  20a  and  20b  indicate  the  selected  positions  of  the  angle  probe  20  when  scanned  back 
and  forth  in  relation  to  the  flaw.  Assume  here  that  the  angle  probe  20  is  scanned  in  the  direction  of  arrow  B 

20  from  the  position  20a.  The  echo  level  from  the  flaw  10a  is  displayed  as  continuously  changed  so  as  to 
gradually  be  lower  as  the  angle  probe  20  is  moved  away  from  the  position  20a,  thereby  resulting  in  an  echo 
envelope  50.  In  this  case,  when  the  beam  center  30  from  the  angle  probe  20  is  incident  upon  the  end  10c 
of  the  flaw,  some  peak  echo  60  is  displayed  in  a  position  on  the  CRT  screen  corresponding  to  the  beam 
path  x  and  the  position  is  indicated  on  the  echo  envelope  50.  The  end  peak  echo  method  is  such  that  the 

25  depth  d  of  flaw  is  determined  geometrically  as  d  =  x«cos  6  from  the  beam  path  x  of  the  peak  echo  60  from 
the  end  10c  of  the  flaw  and  the  refraction  angle  6  of  the  ultrasonic  beam  from  the  angle  probe  20.  In  the 
report  (1),  it  is  described  that  under  the  conditions  that  the  angle  6  formed  between  the  incident  direction  of 
the  ultrasonic  wave  and  the  plane  of  the  flaw  10a  is  more  than  10  degrees,  an  ordinary  angle  probe  of  45 
degrees,  in  refraction  angle,  a  spot-focusing  angle  probe  which  can  limit  the  acoustic  waves  or  a  split-type 

30  probe  should  preferably  be  used  for  more  definite  discrimination  of  the  peak  echo  60.  It  is  further  described 
in  the  report  that  in  case  the  depth  d  of  the  flaw  is  relatively  large,  the  depth  d  can  be  estimated  with  an 
accuracy  on  the  order  of  +1-2  mm.  However,  the  report  also  reads  that  in  case  any  other  flaw  is  found  at 
the  end  10c  of  the  flaw,  the  accuracy  of  measurement  is  lower. 

Fig.  13  shows  another  example  measurement  by  the  above-mentioned  end  peak  echo  method.  In  this 
35  example,  the  angle  probe  20  is  placed  on  the  surface  1  1  d  of  the  object  in  which  the  flaw  11a  is  not  existent. 

In  an  echo  envelope  obtained  in  this  case,  the  echo  from  the  surface  opening  of  the  flaw  11a  (corner  echo) 
shows  the  highest  peak.  However,  in  case  the  depth  d  of  the  flaw  11a  is  small,  for  example,  2  mm  or  so, 
the  echo  from  the  end  11c  of  the  flaw  11a  is  at  so  low  a  level  as  to  be  displayed  inside  the  echo  envelope 
51  as  shown  in  Fig.  13,  and  it  cannot  be  detected  as  the  case  may  be.  Hence,  the  measurement  by  the  end 

40  peak  echo  method  known  as  the  most  popular  method  for  detection  of  surface  opening  flaw  is  disadvanta- 
geous  in  various  aspects  of  the  measurement  as  will  be  described  below.  That  is,  (i)  When  the  depth  d  of 
the  surface  opening  flaw  is  small,  the  echo  from  the  end  of  the  flaw  are  so  close  to  the  echo  from  any  other 
portion  of  the  flaw  that  its  level  and  position  cannot  be  easily  distinguished  from  those  of  the  latter  echo, 
and  also  the  echo  itself  is  involved  in  an  echo  envelope  taking  the  corner  echo  as  the  highest  one  so  that  it 

45  cannot  be  detected,  and  at  the  same  time  since  the  angle  probe  cannot  be  moved  over  a  short  distance, 
the  error  of  measurement  is  apt  to  be  large,  (ii)  If  the  width  of  the  flaw  end  is  small,  the  level  of  the  echo 
from  the  flaw  end  is  small  and  less  than  the  echo  level  at  the  noise  level  so  that  the  echo  itself  cannot  be 
detected  in  many  cases,  (iii)  Since  the  scattering  of  ultrasonic  waves  varies  depending  upon  the  shape  and 
size  of  the  flaw  end,  the  measured  values  are  not  uniform  and  so  the  accuracy  of  measurement  is  low.  (iv) 

50  Even  if  the  ultrasonic  waves  are  transmitted  as  refracted  through  a  nominal  refraction  angle  of  the  probe 
toward  the  end  of  a  flaw,  no  peak  echo  can  be  obtained  in  some  cases,  and  when  the  beam  center  is  not 
co-incident  with  the  end  of  the  flaw,  the  peak  echo  is  displayed  in  some  cases.  In  such  case,  the  reason  for 
geometrical  determination  of  the  flaw  depth  is  lost,  directly  causing  the  reduction  of  the  accuracy  of 
measurement. 

55  As  one  of  the  conventional  methods  for  measurement  of  the  depth  of  a  surface  opening  flaw,  an 
invention  by  the  Applicant  is  disclosed  in  the  Japanese  Patent  Application  No.  Sho  60-68379.  The  method 
disclosed  in  the  Application  is  such  that  a  vertical  type  probe  is  placed  on  the  surface  of  a  solid  mass 
having  possibly  an  opening  flaw  therein  and  also  just  above  the  flaw  and  the  propagation  time  of  the 
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scattered  waves  derived  from  the  ultrasonic  waves  incident  upon  the  end  of  the  opening  flaw  through  the 
reflection  at  the  flaw  end  is  measured  to  determine  the  depth  of  the  flaw.  Also  in  the  method  in  this 
Application,  it  is  necessary,  as  in  the  aforementioned  reports,  to  detect  the  echo  from  the  surface  opening 
flaw  and  the  appearing  position  thereof.  As  in  the  reports  (2)  and  (3),  the  method  is  limited  in  various 

5  respects  of  measurement  since  it  is  necessary  to  place  the  probe  just  above  the  surface  opening  flaw  for 
measurement  of  the  depth  of  the  flaw. 

As  having  been  described  in  the  foregoing,  in  all  the  conventional  methods  of  measuring  the  depth  of 
surface  opening  flaw,  the  echo  from  the  end  of  the  surface  opening  flaw  and  its  appearing  position  are 
taken  as  indices  of  measurement,  so  that  the  accuracy  of  measurement  depends  upon  that  of  detection. 

io  Thus,  it  is  necessary  to  improve  the  above-  mentioned  accuracy  of  detection.  With  surface  opening  flaw  as 
well  as  ordinary  internal  flaws,  however,  the  detection  of  an  echo  from  a  flaw  and  its  appearing  position  is 
rather  influenced  by  the  properties  of  the  material  of  an  object  under  measurement,  difference  in  physical 
phenomenon  of  the  ultrasonic  wave  due  to  the  nonuniformity  of  the  flaw,  difference  in  skill  from  one 
operator  to  another,  etc.  even  if  the  transducer  used,  flaw  detector  and  flaw  detecting  parameters  such  as 

is  flaw  detecting  sensitivity,  etc.  are  maintained  as  predetermined  for  every  measure-  ment.  So,  even  in  case 
objects  of  a  same  kind  very  similar  to  one  another  in  shape,  dimensions,  material,  etc.  are  measured,  it  is 
difficult  to  measure  them  always  with  a  same  accuracy.  So,  it  is  rather  difficult  to  measure  objects  of 
different  kinds  with  a  same  high  accuracy.  Therefore,  the  level  of  an  echo  from  the  end  of  a  surface 
opening  flaw  existent  in  the  object  and  its  appearing  position  cannot  be  so  uniformly  detected  as  in  the 

20  detection  of  a  surface  opening  flaw  artificially  formed  in  the  standard  test  piece  or  an  object  even  if  the  flaw 
depth  is  the  same,  and  the  accuracy  of  detection  is  correspondingly  low. 

The  present  invention  primarily  seeks  to  overcome  the  above-mentioned  drawbacks  of  the  conventional 
techniques  by  providing  an  ultrasonic  method  of  measuring  the  depth  of  a  surface  opening  flaw  in  a  solid 
mass,  in  which  the  depth  of  the  surface  opening  flaw  can  be  accurately  and  realtime  measured  without 

25  being  influenced  by  the  depth  itself. 
The  present  invention  has  another  object  to  provide  an  ultrasonic  method  for  measurement  of  the  depth 

of  a  surface  opening  flaw  in  a  solid  mass,  in  which  an  ordinary  angle  probe  can  be  used  to  measure  a  wide 
range  of  objects  in  a  wide  technical  field  easily  and  accurately  just  by  normally  scanning  the  probe  back 
and  forth  in  relation  to  the  flaw. 

30  These  and  other  advantages  of  the  present  invention  will  be  better  understood  from  the  ensuing 
description  made,  by  way  of  example,  of  the  embodiment  with  reference  to  the  drawings. 

DISCLOSURE  OF  THE  INVENTION 

35  The  above-mentioned  objects  can  be  attained  by  providing  an  method  of  measuring  a  depth  of  a 
surface  opening  flaw  in  a  solid  mass  as  set  out  in  claim  1 

The  present  invention  utilizes  the  fact  that  the  value  of  the  area  determined  by  integrating  the  echoes- 
integrated  zone  above  the  predetermined  echo  level  of  the  above-mentioned  echo  envelope  for  the  moved 
range  in  that  zone  of  the  angle  probe  is  in  a  certain  fixed  relation  with  the  depth  of  a  surface  opening  flaw  in 

40  a  solid  mass.  This  nature  will  be  further  explained  with  reference  to  Figs.  1  and  2  showing  the  principle  of 
the  present  invention. 

In  Figures,  the  reference  numeral  1  indicates  an  object  made,  by  butt-welding,  of  members  1A  and  1B. 
A  recess-like  flaw  1a  is  included  in  the  butt  joint  between  these  members  1A  and  1B  and  it  is  opened  to  the 
bottom  surface  1e  of  the  object  1.  The  reference  numeral  1b  indicates  a  corner  of  the  flaw  1a  at  the 

45  opening  thereof,  1c  the  inner  end  of  the  flaw  1a  and  1d  a  searching  surface  (i.e.  the  top  surface).  The 
reference  numeral  2  indicates  an  angle  probe  (will  be  referred  simply  to  as  "probe"  hereinafter)  which  is 
placed  on  the  searching  surface  1d.  It  is  scanned  back  and  forth  to  positions  2a,  2b,  2c,  etc.  indicated  each 
with  a  dash  line  in  the  direction  of  arrow  A  or  B  the  object  1  ,  and  transmits  an  ultrasonic  wave  (transverse 
wave  in  this  case)  in  the  direction  of  the  flaw  1a.  The  reference  numeral  3  indicates  an  incident  wave 

50  radiated  within  a  predetermined  beam  width,  and  4  a  portion  of  the  incident  wave  3  that  is  reflected  from 
the  flaw  1a  and  received  by  the  probe  2.  When  the  reflected  waves  4  received  at  various  moved  positions 
of  the  probe  2  such  as  the  positions  2a,  2b,  2c,  etc.  as  the  probe  2  is  scanned  back  and  forth  in  relation  to 
the  flaw  1a  are  displayed  on  a  CRT  screen  6a  of  an  ultrasonic  flaw  detector  6,  they  appear  as  echoes 
different  in  level  from  one  another  at  positions  corresponding  to  the  moved  positions  of  the  probe  2  from 

55  the  appearing  point  of  a  transmitted  pulse  T.  Fig.  2  shows  the  relation  between  the  probe  positions  and 
levels  of  echoes  thus  detected.  As  shown,  there  are  displayed  echoes  F,  Fa,  Fb,  Fc  of  the  reflected  wave  4 
at  the  positions  on  the  CRT  screen  corresponding  to  the  beam  paths  X,  Xa,  Xb,  Xc  from  the  incidence 
points,  namely,  the  moved  positions  2,  2a,  2b  and  2c  of  the  probe  2,  to  the  corner  1b  of  the  flaw  1a  at 
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which  the  majority  of  the  incident  ultrasonic  wave  3  is  reflected.  The  horizontal  axis  in  the  plane  of  Fig.  2 
indicates  the  horizontal  distance  (Lx  in  mm)  from  the  flaw  1a  to  the  probe  2  while  the  vertical  axis  indicates 
the  echo  amplitude  or  height  (h  in  dB).  In  this  case,  the  echo  corresponding  to  a  position  where  the  probe  2 
receives  the  reflected  wave  4  derived  from  the  incident  wave  3  of  which  the  ultrasonic  wave  beam  center  is 

5  directly  incident  upon  the  corner  1b,  that  is,  the  echo  F  picked  up  at  a  position  of  a  distance  Lx  from  the 
flaw  1a,  has  a  maximum  height,  while  the  other  echoes  are  different  in  level  depending  upon  distances  Lxa, 
Lxb  and  Lxc,  respectively,  of  the  probe  2  from  the  flaw  1a  and  which  are  corresponding  to  the  beam  paths, 
respectively.  By  connecting  the  echo  peaks,  an  echo  envelope  5  is  obtained.  Of  course,  when  there  is  no 
flaw  1a  in  this  case,  no  reflected  waves  are  received  and  so  the  echo  envelope  5  cannot  be  obtained. 

io  The  area  of  a  zone  in  which  the  echo  envelope  appears  on  the  CRT  screen,  namely,  the  area  enclosed 
by  the  echo  envelope  5  extending  between  one  extreme  moved  position  of  the  probe  2  and  the  other 
extreme  moved  end  position,  is  a  function  of  the  "directivity  of  a  transmitted  wave  depending  upon  the 
transducer  dimensions  of  a  probe  used  and  probe  frequency",  "directivity  of  reflected  waves  resulted  from 
transmitted  waves  scattered  and  attenuated  in  a  solid  mass,  when  received  by  a  probe"  and  "depth  of 

is  surface  opening  flaw".  Thus,  in  case  a  same  probe  is  used  for  the  flaw  detection,  the  directivity  of 
transmission  and  reception  is  fixed,  so  that  the  zone  on  the  CRT  in  which  the  echo  envelope  5  appears  is  a 
function  of  the  "depth  of  surface  opening  flaw"  alone.  This  means  that  in  case  objects  different  in  depth  of 
surface  opening  flaw  and  same  in  other  respects  are  measured  using  a  same  probe,  the  resulted  echo 
envelope  5  appears  in  a  zone  of  a  size  depending  upon  the  depth  of  the  detected  surface  opening  flaw  and 

20  take  analogous  shapes. 
The  ultrasonic  method  of  measuring  the  depth  of  surface  opening  flaw  according  to  the  present 

invention  is  such  that  a  threshold  of  a  predetermined  echo  level  is  set  for  the  echo  envelope  having  the 
aforementioned  nature,  a  zone  in  which  echo  levels  are  above  the  threshold  is  integrated  for  a  moved  range 
of  the  probe  in  the  zone,  and  the  depth  of  a  surface  opening  flaw  is  measured  based  on  the  fact  that  the 

25  value  of  the  integrated  area  of  the  zone  is  in  a  certain  fixed  correlation  with  the  depth  of  the  surface  opening 
flaw.  This  correlation  between  the  area  of  the  integrated  zone  and  the  depth  of  surface  opening  flaw  was 
proved  by  the  Inventor  of  the  present  invention  through  the  experiments  which  will  be  described  later,  and 
can  be  easily  determined  through  similar  experiments  on  solid  masses  different  in  material  as  well.  Also  the 
echo  envelope  can  be  easily  defined  by  echoes  of  the  reflected  waves  from  a  surface  opening  flaw,  which 

30  are  displayed  on  the  CRT  screen,  and  a  threshold  can  be  arbitrarily  set.  So,  as  compared  with  the 
conventional  methods  for  measuring  the  depth  of  surface  opening  flaw  using  the  echo  levels  at  certain 
positions,  namely,  the  method  for  such  measurement  in  which  an  unstable  echo  level  at  the  end  of  a 
surface  opening  flaw  and  its  displayed  position  are  taken  as  evaluation  indices,  the  method  according  to  the 
present  invention  permits  to  easily  and  accurately  measure  a  wide  variety  of  objects  without  being  affected 

35  by  the  magnitude  of  the  flaw  depth,  skills  of  the  operator  and  other  factors  since  it  uses  an  area  defined  by 
an  echo  envelope  always  stably  obtained  by  ordinarily  scanning  a  commercially-available  probe  back  and 
forth  with  respect  to  a  possible  surface  opening  flaw.  This  advantageous  feature  of  the  present  invention 
also  permits  an  easy  implementation  of  an  automatic  measurement  of  a  large  quantity  of  objects. 

In  the  foregoing,  the  measurement  of  the  depth  of  a  flaw  opening  to  the  surface  of  an  object  has  been 
40  described,  but  the  method  of  measurement  according  to  the  present  invention  can  also  be  utilized  for 

measurement  of  a  flaw  existent  in  an  object  very  closely  to  the  surface  thereof  even  if  the  flaw  is  not  open 
on  the  surface.  The  "flaw  existent  very  closely  to  the  surface  of  an  object  under  measurement"  refers  to  a 
flaw  of  which  the  very  short  distance  from  the  surface  of  the  object  is  approximated  to  a  distance  which  is 
likely  to  provide  a  reflecting  spot  similar  to  the  corner  1b  of  the  surface  opening  flaw  1a  shown  in  Fig.  1. 

45  More  particularly,  that  short  distance  is  less  than  about  a  half  of  the  wavelength  depending  upon  the  probe 
used  and  the  material  of  an  object  under  measurement.  It  is  less  than  about  1  mm,  for  example.  The  flaw 
not  open  on  any  surface  of  the  object  and  presenting  the  above-mentioned  state  provides  an  echo  envelope 
when  measured  by  a  similar  method  to  that  for  measurement  of  the  aforementioned  surface  opening  flaw, 
and  can  be  measured  similarly  utilizing  the  nature  on  which  the  present  invention  is  based. 

50 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1  and  2  show  together  the  principle  of  the  ultrasonic  method  for  measurement  of  surface  opening 
flaw  according  to  the  present  invention,  of  which  Fig.  1  shows  the  procedure  for  the  measurement  and 

55  Fig.  2  shows  the  formation  of  an  echo  envelope  for  the  surface  opening  flaw; 
Figs.  3  (a)  and  (b)  show  an  object  made  of  welded  steel  plate  under  measurement  in  which  a  surface 
opening  flaw  is  intentionally  formed  in  the  butt  joint  between  the  steel  plates,  of  which  Fig.  3  (a)  is  a  side 
elevation  showing  the  object,  and  Fig.  3  (b)  shows  a  plan  view  of  the  object; 

5 



EP  0  317  629  B1 

Fig.  4  graphically  shows  the  relation  between  the  estimated  flaw  depth  estimated  as  measured  by  the 
method  shown  in  Figs.  1  and  2  and  the  real  flaw  depth; 
Figs.  5  (a)  and  (b)  show  a  test  piece  used  in  the  Inventor's  experiments  to  prove  the  effect  of  the  present 
invention,  of  which  Fig.  5  (a)  is  a  side  elevation  of  the  test  piece  and  Fig.  5  (b)  is  a  plan  view  of  the  test 

5  piece; 
Fig.  6  is  an  explanatory  drawing  showing  the  determination  by  the  Simpson's  rule  of  the  area  of  the 
probe-moved  range  defined  by  an  echo  envelope; 
Figs.  7  through  9  show  the  results  of  experiments  conducted  on  three  kinds  of  the  test  piece  shown  in 
Fig.  5  and  which  are  different  in  depth  of  slit  therein; 

io  Fig.  10  is  an  explanatory  drawing  showing  the  correlation  between  the  slit  depth  of  the  test  piece  shown 
in  Fig.  5  and  the  area  of  the  zone  above  the  threshold  of  the  echo  envelope;  and 
Figs.  11  through  13  show  example  conventional  typical  methods  of  measuring  the  depth  of  surface 
opening  flaw,  of  which  Fig.  11  is  a  schematic  explanatory  drawing  showing  the  end  peak  echo  method, 
Fig.  12  shows  an  echo  pattern  obtained  by  the  method  shown  in  Fig.  11  and  displayed  on  the  CRT 

is  screen,  and  Fig.  13  shows  another  example  measurement  of  a  surface  opening  flaw  by  the  end  peak 
echo  method. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

20  A  preferred  embodiment  of  the  present  invention  will  be  described  with  reference  to  Figs.  3  through  10. 
In  these  Figures,  the  same  elements  as  in  Figs.  1  and  2  are  indicated  with  the  same  reference  numerals. 

The  shape  and  dimensions  of  the  object  1  is  shown  in  Fig.  3.  Fig.  3  (a)  is  a  side  elevation  of  the  object, 
while  Fig.  3  (b)  is  a  plan  view.  The  object  is  formed  from  a  member  1A  of  14  mm  in  thickness,  50  mm  in 
length  and  50  mm  in  width  and  a  member  1B  of  14  mm  in  thickness,  200  mm  in  length  and  50  mm  in 

25  width,  which  are  butt-welded  to  each  other,  and  an  open  flaw  1a  of  a  very  narrow  width  and  0.1  to  10  mm  in 
depth  H  is  intentionally  formed  in  the  surface  1e  of  the  above-mentioned  butt  joint.  The  material  of  the 
object  is  SS41  (JIS  G3101)  and  seventeen  samples  were  used  in  the  Inventor's  experiments.  The  probe  2  is 
2Z10x10A70  (JIS  Z2344)  of  2  MHz  in  frequency,  10  mm  x  10  mm  in  element  dimensions  and  70  degrees, 
in  refraction  angle. 

30  For  the  measurement  of  the  depth  of  the  flaw,  the  probe  2  was  first  placed  on  and  in  contact  with  the 
searching  surface  1d  and  an  echo  envelope  was  obtained  by  the  method  previously  explained  with 
reference  to  Figs.  1  and  2.  Next,  using  a  regression  equation  determined  from  the  correlation,  proved  by  the 
Inventor  through  his  experiments,  between  the  area  of  the  zone  above  the  predetermined  echo  level  of  the 
echo  envelope  proved  by  the  Inventor  through  his  experiments  and  the  depth  of  the  surface  opening  flaw, 

35  various  depths  of  the  flaw  1a  formed  in  the  butt  joint  of  the  object  1  were  measured.  The  measured  values 
are  shown  with  small  circles  in  Fig.  4.  For  measurement  of  the  depth  H  of  the  flaw  1a  at  another  position  in 
its  longitudinal  direction,  namely,  in  the  direction  of  the  width  of  the  object  1,  the  probe  2  is  successively 
moved  in  the  direction  of  arrow  C  or  D  in  Fig.  3  and  then  scanned  back  and  forth  in  relation  to  the  flaw  1a. 
After  completion  of  the  scan  in  all  the  intended  directions,  the  object  1  was  cut  and  micro-etched,  and  the 

40  real  depth  of  the  flaw  1a  was  measured  using  a  20X  magnifier.  In  Fig.  4,  the  horizontal  axis  indicates  the 
values  HR  (in  mm)  of  the  real  flaw  depth  measured  with  the  object  1  cut  and  the  vertical  axis  indicates  the 
value  Hj  (in  mm)  of  the  estimated  flaw  depth  measured  by  the  method  according  to  the  present  invention. 
Also  in  Fig.  4,  the  solid  line  (slanted  through  45  deg.)  indicates  that  the  real  measured  value  HR  is  equal  to 
the  estimated  value  Hu,  namely,  the  measurement  error  is  zero.  As  seen  from  Fig.  4,  the  small  circles  for 

45  the  measured  values  are  all  very  close  to  the  solid  line.  The  mean  value  (x)  and  standard  deviation  (a)  of 
the  measurement  errors  in  this  embodiment  are  determined  as  follows: 

x  =  +0.05  mm 
a  =  0.16  mm 

50 
Namely,  this  high  accuracy  of  measurement  is  not  affected  by  the  depth  H  of  the  flaw  1a  and  it  is  also 
proved  that  the  method  of  measurement  according  to  the  present  invention  is  excellent  in  accuracy  of 
measurement.  This  high  accuracy  owes  the  utilization  of  the  nature  that  the  echo  envelopes  derived  from 
different  depths  H  of  the  surface  opening  flaws  are  analogous  to  each  other  though  different  in  echo  level 

55  so  long  as  a  same  probe  is  used  in  the  measurements  and  that  the  objects  measured  are  same  in  shape, 
dimensions  and  material.  The  accuracy  of  measurement  not  affected  by  the  magnitude  of  the  depth  H  of 
the  flaw  1a  allows  the  measurement  of  micro  flaws. 
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The  aforementioned  effect  of  the  present  invention  was  proved  by  the  Inventor  of  the  present  invention 
through  his  experiments  which  will  be  described  below: 

Fig.  5  shows  a  test  sample  measured  by  the  method  according  to  the  present  invention;  Fig.  5  (a)  is  a 
side  elevation  of  the  test  sample,  and  Fig.  5  (b)  is  a  plan  view  of  the  test  sample.  The  test  sample  7  was  a 

5  steel  plate  (SS41,  JIS  G3101)  of  19  mm  in  thickness,  250  mm  in  length  and  120  mm  in  width,  in  which  a  slit 
7a  of  0.3  mm  in  width  was  intentionally  formed  by  an  electric  discharge  machining  in  the  bottom  surface  7e 
at  a  position  50  mm  away  from  one  end  of  the  test  sample  7.  The  slit  7a  had  eight  kinds  of  depth  H  (0.3, 
0.5,  1.0,  2.0,  3.0,  4.0,  5.0  and  7.0  mm).  The  probe  used  is  the  same  one  (2Z10x10A70  according  to  JIS 
Z2344)  as  in  the  explanation  made  with  reference  to  Fig.  3.  By  placing  this  probe  on  and  in  contact  with  the 

io  searching  surface  7d  (i.e.  the  top  surface)  and  scanning  it  back  and  forth  in  relation  to  the  slit  7a  while 
transmitting  ultrasonic  waves  toward  the  slit  7a,  an  echo  envelope  8  shown  in  Fig.  6  was  obtained  as  in  the 
explanation  previously  made  with  reference  to  Figs.  1  and  2.  Next,  the  area  of  a  zone  defined  by  the  echo 
envelope  8  was  measured.  In  this  experiment,  however,  the  threshold  for  the  predetermined  level  of  the 
echo  was  set  to  the  flaw-detection  sensitivity  (set  to  0  dB)  for  one-skip  distance  of  the  hole  of  4  mm 

is  diameter  x  4  mm  depth  in  the  "Type  A2  sensitivity  calibration  test  sample  for  ultrasonic  flaw  detection  with 
oblique  radiation  (will  be  referred  to  as  "STB-A2"  hereinafter)"  in  JIS  Z2348  (1978)  and  the  area  of  a  zone 
defined  by  the  echo  levels  above  this  threshold  was  determined.  For  determination  of  this  area,  the 
following  Simpson's  rule  was  used  assuming  that  the  moved  distance  of  the  probe  for  the  echo  envelope  8 
in  Fig.  6,  namely,  the  integrated  range  of  the  area  (a,  b)  to  be  determined,  was  divided  into  n  equal  sections 

20  having  a  width  h  =  (b  -  a)/n  (n  is  an  even  number),  xm  =  a  +  mh(m  =  0,  1,  2,  ...)  and  that  the  equation  for 
the  echo  envelope  8  was  ym  =  f(xm): 

25 

30 

\  f  ( x ) d x   »  {  yQ  +  yn  +  4  iY1  +  Y3  + 

+  W   +  2 (y2   +  y4  +  . . .   y n _ 2 ) . ) h / 3  

The  range  indicated  as  hatched  in  Fig.  6  is  the  intended  area,  and  Po,  Pi  ,  P2,  ■■■  Pn  indicate  echo  levels  for 
the  one-skip  distance  at  the  equally-divided  positions. 

The  results  of  the  experiments  conducted  on  the  above-mentioned  test  sample  7  are  described  with 
35  reference  to  Figs.  7  through  9  for  three  examples,  respectively,  of  the  depth  7  of  the  slit  7a  (H  =  0.5,  1  .0 

and  4.0  mm).  In  each  of  Figures,  the  horizontal  axis  indicates  the  moved  distance  L  of  the  probe  (probe-flaw 
distance)  and  the  vertical  axis  indicates  the  echo  level  h.  The  threshold  is  the  sensitivity  (0  dB)  for  the  one- 
skip  distance  of  the  STB-A2.  First,  Fig.  7  shows  the  result  of  the  experiment  on  the  depth  H  of  the  slit  7a 
being  0.5  mm.  The  area  S  of  the  zone  above  the  threshold  of  0  dB,  indicated  with  a  letter  S,  was  calculated 

40  to  be  65.4  dB«mm  from  the  Simpson's  rule.  Fig.  8  shows  the  result  of  the  experiment  on  the  depth  H  of  1.0 
mm.  The  area  S  is  calculated  to  be  261  dB«mm.  Fig.  9  shows  the  result  of  the  experiment  conducted  on 
the  depth  H  =  4.0  mm.  The  area  S  is  calculated  to  be  909  dB«mm.  As  obvious  from  these  three  example 
experiment  results,  the  larger  the  depth  H  of  the  slit  7a,  the  larger  the  maximum  echo  level  becomes  and 
the  larger  the  area  S  of  the  zone  above  the  threshold  is.  This  correlation  will  be  more  definitely  shown  in 

45  Fig.  10  showing  the  relation  between  the  area  S  determined  on  the  above-mentioned  eight  kinds  of  test 
samples  and  the  depths  H  of  the  slit  7a.  The  horizontal  axis  indicates  the  depth  H  of  the  slit  (in  mm)  while 
the  vertical  axis  indicates  the  areas  S  (in  dB«mm)  of  zones  above  the  threshold  of  the  echo  envelope.  The 
small  circles  in  Figure  10  indicate  the  experimental  results  of  the  eight  test  samples.  The  experiment  results 
show  that  a  linear  correlation  is  established  between  the  slit  depth  H  and  area  value  S.  Using  the  method  of 

50  least  square,  the  following  simple  regression  equation  of  the  graph  can  be  obtained: 

S  =  255H 

It  was  proved  that  using  this  equation,  it  is  possible  to  easily  determine  the  flaw  depth  from  the  area  of  a 
55  zone  above  the  threshold  of  the  echo  envelope  and  accurately  measure  the  depth  from  the  linear  correlation 

without  being  affected  by  the  magnitude  of  the  flaw  depth. 
Example  measurements  of  flaw  depth  with  the  probe  placed  in  contact  with  the  surface  at  which  no 

surface  opening  flaw  exists  have  been  explained  with  reference  to  Figs.  1  through  3  and  5.  Alternatively  the 
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probe  may  be  scanned  back  and  forth  in  contact  with  the  surface  of  the  object  in  which  any  surface 
opening  flaw  exists.  In  this  case,  however,  the  probe  is  to  be  placed  at  a  position  where  the  incident  wave 
transmitted  from  the  probe  into  the  object  reaches  the  surface  opening  flaw  after  reflection  at  the  opposite 
surface  of  the  object,  namely,  at  a  position  nearly  one  skip  distance  from  the  surface  opening  flaw,  and  it  is 

5  scanned  back  and  forth  with  respect  to  the  one  skip  point.  The  sensitivity  of  the  ultrasonic  flaw  detector  is 
to  be  adjusted  for  the  corresponding  increment  of  the  beam  path. 

The  above-mentioned  echo  envelope  varies  in  shape  and  dB  value  depending  on  the  acoustic 
characteristics  of  the  material  of  the  object,  angle  of  inclination  formed  between  the  surface  opening  flaw 
and  the  object  surface  and  other  similar  factors.  So,  by  determining,  through  experiments,  the  echo 

io  envelopes  of  solid  masses  of  various  kinds  with  the  angle  of  inclination  changed  variously  beforehand,  it  is 
possible  to  measure  the  depth  of  a  surface  opening  flaw  simply,  easily  and  accurately  as  in  the 
aforementioned  embodiment.  This  simplicity  and  easiness  of  measurement  assured  by  the  present 
invention  effectively  provides  a  realtime  flaw-depth  measurement  of  a  wide  variety  of  objects  in  a  wide 
range. 

is  The  method  having  been  described  in  the  foregoing  is  a  one  in  which  an  echo  displayed  on  the  CRT 
screen  is  to  be  visually  observed.  Also,  it  is  possible  to  digitize  an  analogue  quantity  of  echo  levels  defining 
together  an  echo  envelope  by  a  well-known  means  without  displaying  the  echo  on  the  CRT  screen, 
calculate  the  area  defined  by  the  echo  envelope  in  a  zone  above  a  threshold  and  display  in  a  digital  form 
the  calculated  area  along  with  the  depth  of  surface  opening  flaw  calculated  using  a  regression  equation. 

20  Further,  these  values  can  be  stored  in  a  memory  and  compared  with  a  reference  value  to  diagnose  a 
machine  for  any  trouble  or  for  its  remaining  service  life,  and  can  be  used  for  automatic  measurement  of  a 
great  number  of  objects  in  a  production  line. 

Claims 
25 

1.  An  ultrasonic  method  of  measuring  a  depth  of  a  surface  opening  flaw  (1a)  in  a  solid  mass  (1)  , 
comprising  the  steps  of: 

preparing  a  test  sample  (7)  of  the  same  material  and  with  the  same  shape  and  dimensions  as  the 
solid  mass  (1)  having  a  plurality  of  artificially  introduced  surface  opening  flaws  (7a)  with  known  different 

30  flaw  depths,  respectively; 
moving  an  angle  beam  probe  (2)  over  the  surface  (7d)  of  the  test  sample  (7)  in  a  direction  towards 

and  away  from  each  surface  opening  flaw  (7a),  and  receiving  with  the  probe  (2)  ultrasonic  reflected 
waves  which  are  reflected  from  each  surface  opening  flaw  (7a)  of  the  test  sample  (7)  at  the  different 
positions  of  movement  of  the  probe  (2),  and  displaying  echoes  of  the  ultrasonic  reflected  waves; 

35  forming  for  each  surface  opening  flaw  an  envelope  8)  defined  by  levels  of  the  echoes  of  the 
reflected  waves; 

setting  a  common  threshold  level  for  the  surface  opening  flaws  (7a)  as  a  lower  cutoff  of  the  levels 
of  the  echoes, 

the  threshold  being  predetermined  to  be  a  level  of  an  ultrasonic  reflected  wave  received  when 
40  placing  the  angle  probe  (2)  on  a  sensitivity  calibration  test  sample,  which  is  made  of  same  material  and 

with  the  same  shape  and  dimensions  as  the  solid  mass  (1)  and  has  a  surface  opening  flaw  with  a 
known  flaw  depth; 

integrating  an  area  beneath  each  envelope  (8)  for  each  surface  opening  flaw  (7a)  and  above  the 
predetermined  common  threshold  level  for  the  range  of  movement  of  the  angle  probe  (2); 

45  establishing  a  correlation  between  the  integrated  area  (S)  and  the  flaw  depth  (H)  for  the  artificially 
induced  surface  opening  flaws  (7a)  of  the  test  sample  (7),  to  obtain  a  regression  equation, 

moving  the  angle  beam  probe  (2)  over  the  surface  of  the  solid  mass  (1)  in  a  direction  towards  and 
away  from  the  surface  opening  flaw  (1a),  and  receiving  with  the  probe  (2)  ultrasonic  reflected  waves  (4) 
which  are  reflected  from  the  surface  opening  flaw  (1a)  of  the  solid  mass  (1)  at  the  different  positions 

50  (2a-c)  of  movement  of  the  probe  (2),  and  displaying  echoes  of  the  ultrasonic  reflected  waves  (4); 
forming  for  the  solid  mass  (1)  an  envelope  (5)  defined  by  levels  of  the  echoes  of  the  ultrasonic 

reflected  waves  (4); 
integrating  an  area  beneath  the  envelope  and  above  the  said  predetermined  common  threshold 

level  for  the  range  of  movement  of  the  angle  probe  (2);  and 
55  determining  the  depth  of  the  surface  opening  flaw  (1a)  in  the  solid  mass  (1),  using  the  regression 

equation  obtained  from  the  correlation  between  the  integrated  area  (S)  and  the  flaw  depth  (H)  for  the 
test  sample  (7). 
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2.  The  method  according  to  claim  1,  wherein  the  solid  mass  (1)  has  a  first  or  top  surface  (1d)  in  which  the 
surface  opening  flaw  is  absent  and  a  second  or  bottom  surface  (1e)  opposed  to  the  first  surface  (1d), 
and  the  probe  (2)  is  placed  on  the  first  surface  (1d)  and  moved  back  and  forth. 

5  3.  The  method  according  to  claim  1,  wherein  the  solid  mass  (1)  has  a  first  or  top  surface  in  which  the 
surface  opening  flaw  is  present  and  a  second  or  bottom  surface  parallel  to  the  first  surface,  and  the 
probe  (2)  is  placed  on  the  first  surface  at  a  position  about  one  skip  distance  from  the  position  of  the 
surface  opening  flaw,  and  the  probe  (2)  is  moved  toward  and  away  from  said  position. 

w  Patentanspruche 

1.  Ultraschallverfahren  zum  Messen  einer  Tiefe  eines  Oberflachenoffnungsfehlers  (1a)  in  einem  festen 
Material  oder  einem  Festkorper  (1),  das  die  folgenden  Schritte  aufweist: 
Praparieren  einer  Testprobe  (7)  desselben  Materials  und  mit  derselben  Form  und  denselben  Dimensio- 

15  nen  wie  der  Festkorper  (1),  und  zwar  mit  einer  Vielzahl  von  kunstlich  eingefuhrten  Oberflachenoff- 
nungsfehlern  (7a)  mit  bekannten  unterschiedlichen  Fehlertiefen; 
Bewegen  einer  Winkelstrahlsonde  (2)  uber  die  Oberflache  (7d)  der  Testprobe  (7)  in  eine  Richtung  zu 
und  weg  von  jedem  Oberflachenoffnungsfehler  (7a)  und  Empfangen  von  Ultraschallwellen  mit  der 
Sonde  (2),  die  von  jedem  Oberflachenoffnungsfehler  (7a)  der  Testprobe  oder  des  Testsamples  (7)  an 

20  den  unterschiedlichen  Bewegungspositionen  der  Sonde  (2)  reflektiert  werden,  und  Anzeigen  von  Echos 
der  reflektierten  Ultraschallwellen; 
Bilden  einer  Hullkurve  (8)  fur  jeden  Oberflachenoffnungsfehler,  die  definiert  wird  durch  die  Echopegel 
der  reflektierten  Wellen; 
Einstellen  eines  gemeinsamen  Schwellenwertpegels  fur  die  Oberflachenoffnungsfehler  (7a)  als  unterer 

25  Cutoff  oder  Abschnitt  der  Echopegel,  wobei  der  Schwellenwert  vorbestimmt  ist  durch  einen  Pegel  einer 
empfangenen,  reflektierten  Ultraschallwelle,  wenn  die  Winkelsonde  (2)  auf  einer  Empfindlichkeitskali- 
brierungstestprobe  plaziert  ist,  die  aus  demselben  Material  und  mit  derselben  Form  und  denselben 
Abmessungen  wie  der  Festkorper  (1)  hergestellt  ist  und  einen  Oberflachenoffnungsfehler  mit  einer 
bekannten  Fehlertiefe  besitzt; 

30  Integrieren  einer  Flache  unterhalb  jeder  Hullkurve  (8)  fur  jeden  Oberflachenoffnungsfehler  (7a)  und 
oberhalb  des  vorbestimmten  gemeinsamen  Schwellenwertpegels  fur  den  Bewegungsbereich  der  Win- 
kelsonde  (2); 
Herstellen  einer  Korrelation  zwischen  der  integrierten  Flache  (S)  und  der  Fehlertiefe  (H)  fur  die 
kunstlich  eingefuhrten  Oberflachenoffnungsfehler  (7a)  der  Testprobe  (7)  zum  Erhalten  einer  Regres- 

35  sionsgleichung; 
Bewegen  der  Winkelstrahlsonde  (2)  uber  die  Oberflache  des  Festkorpers  (1)  in  einer  Richtung  zu  und 
weg  von  den  Oberflachenoffnungsfehler  (1a)  und  Empfangen  reflektierter  Ultraschallwellen  (4)  mit  der 
Sonde  (2),  die  von  dem  Oberflachenoffnungsfehler  (1a)  des  Festkorpers  (1)  reflektiert  werden,  und 
zwar  an  unterschiedlichen  Bewegungspositionen  (2a-c)  der  Sonde  (2)  und  Anzeigen  von  Echos  der 

40  reflektierten  Ultraschallwellen  (4); 
Bilden  einer  Hullkurve  (5)  fur  den  Festkorper  (1)  definiert  durch  Echopegel  der  reflektierten  Ultraschall- 
wellen  (4); 
Integrieren  einer  Flache  unterhalb  der  Hullkurve  und  oberhalb  des  vorbestimmten  gemeinsamen 
Schwellenwertpegels  fur  den  Bewegungsbereich  der  Winkelsonde  (2);  und 

45  Bestimmen  der  Tiefe  des  Oberflachenoffnungsfehlers  (1a)  in  dem  Festkorper  (1)  unter  Verwendung  der 
Regressionsgleichung,  die  erhalten  wurde  aus  der  Korrelation  zwischen  der  integrierten  Flache  (S)  und 
der  Fehlertiefe  (H)  fur  die  Testprobe  (7). 

2.  Verfahren  nach  Anspruch  1,  wobei  der  Festkorper  (1)  eine  erste  oder  obere  Oberflache  oder  Oberseite 
50  (1d)  besitzt,  in  der  kein  Oberflachenoffnungsfehler  auftritt  und  eine  zweite  oder  Bodenoberseite  oder 

Unterseite  (1e)  besitzt,  die  der  ersten  Oberflache  (1d)  gegenuberliegt  und  die  Sonde  (2)  auf  der  ersten 
Oberflache  (1d)  plaziert  und  hin-  und  herbewegt  wird. 

3.  Verfahren  nach  Anspruch  1,  wobei  der  Festkorper  (1)  eine  erste  oder  obere  Oberflache  oder  Oberseite 
55  besitzt,  in  der  der  Oberflachenoffnungsfehler  auftritt  und  eine  zweite  oder  untere  Oberflache  oder 

Unterseite  besitzt,  die  parallel  zu  der  ersten  Oberflache  ist  und  die  Sonde  (2)  auf  der  ersten  Oberflache 
an  einer  Position  mit  einem  Sprungabstand  von  eins  zu  einer  Position  des  Oberflachenoffnungsfehlers 
plaziert  ist,  und  die  Sonde  (2)  in  Richtung  und  weg  von  der  Position  bewegt  wird. 
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Revendicatlons 

1.  Precede  ultrasonique  de  mesure  de  la  profondeur  d'un  defaut  (1a)  ouvert  en  surface  dans  une  masse 
solide  (1),  comprenant  les  etapes  consistant  a  : 

5  preparer  une  eprouvette  (7)  de  meme  materiau  ayant  la  meme  forme  et  les  memes  dimensions 
que  la  masse  solide  (1),  comportant  une  pluralite  de  defauts  (7a)  introduits  artificiellement  qui  s'ouvrent 
a  la  surface,  ces  defauts  ayant  des  profondeurs  differentes,  respectivement  ; 

a  deplacer  une  sonde  (2)  a  faisceau  incline  sur  la  surface  (7d)  de  I'eprouvette  (7)  dans  une 
direction  s'approchant  et  s'eloignant  de  chaque  defaut  (7a)  s'ouvrant  a  la  surface  et  recevant,  au 

io  moyen  de  la  sonde  (2),  les  ondes  ultrasoniques  reflechies  par  chaque  defaut  (7a)  s'ouvrant  a  la  surface 
de  I'eprouvette  (7)  en  differentes  positions  du  mouvement  de  la  sonde  (2)  et  affichant  les  echos  des 
ondes  ultrasoniques  reflechies  ; 

a  former,  pour  chaque  defaut  s'ouvrant  a  la  surface,  une  enveloppe  (8)  definie  par  les  niveaux  des 
echos  des  ondes  reflechies  ; 

is  a  definir  un  niveau  de  seuil  commun  pour  tous  les  defauts  (7a)  s'ouvrant  a  la  surface  comme 
coupure  inferieure  des  niveaux  des  echos, 

le  seuil  etant  determine  d'avance  comme  le  niveau  d'une  onde  ultrasonique  reflechie  regue  en 
plagant  la  sonde  (2)  a  faisceau  incline  sur  une  eprouvette  d'etalonnage  de  sensibilite  qui  est  fabriquee 
avec  le  meme  materiau  et  avec  la  meme  forme  et  les  memes  dimensions  que  la  masse  solide  (1)  et 

20  qui  comporte  un  defaut  s'ouvrant  a  la  surface  dont  la  profondeur  est  connue  ; 
integrer  une  surface  situee  au-dessous  de  chaque  enveloppe  (8)  pour  chaque  defaut  (7a)  s'ouvrant 

a  la  surface,  cette  enveloppe  etant  situee  au-dessus  du  niveau  de  seuil  commun  determine  d'avance 
pour  la  plage  du  mouvement  de  la  sonde  inclinee  (2)  ; 

etablir  une  correlation  entre  la  surface  integree  (S)  et  la  profondeur  de  defaut  (H)  pour  les  defauts 
25  (7a)  s'ouvrant  a  la  surface  introduits  artificiellement  de  I'eprouvette  (7)  afin  d'etablir  une  equation  de 

regression; 
deplacer  la  sonde  (2)  a  faisceau  incline  sur  la  surface  de  la  masse  solide  (1)  dans  une  direction  qui 

s'approche  et  s'eloigne  du  defaut  (1a)  ouvert  a  la  surface  et  recevoir,  au  moyen  de  la  sonde  (2),  des 
ondes  ultrasoniques  reflechies  (  4)  par  le  defaut  (1a)  s'ouvrant  a  la  surface  de  la  masse  solide  (1)  en 

30  differentes  positions  (2a-c)  du  mouvement  de  la  sonde  (2)  et  afficher  les  echos  des  ondes  ultrasoniques 
reflechies  (4)  ; 

former,  pour  la  masse  solide  (1),  une  enveloppe  (5)  definie  par  les  niveaux  des  echos  des  ondes 
ultrasoniques  reflechies  (4)  ; 

integrer  une  surface  situee  sous  I'enveloppe  et  au-dessus  dudit  niveau  de  seuil  commun  determine 
35  d'avance  pour  la  gamme  des  mouvements  de  la  sonde  inclinee  (2)  ;  et 

determiner  la  profondeur  du  defaut  (1a)  s'ouvrant  a  la  surface  existant  dans  la  masse  solide  (1)  a 
partir  de  I'equation  de  regression  etablie  d'apres  la  correlation  entre  la  surface  integree  (S)  et  la 
profondeur  du  defaut  (H)  pour  I'eprouvette  (7). 

40  2.  Procede  selon  la  revendication  1,  dans  lequel  la  masse  solide  (1)  comprend  une  premiere  surface  ou 
surface  superieure  (1d)  dans  laquelle  il  n'y  a  pas  de  defauts  s'ouvrant  a  la  surface  et  une  seconde 
surface  inferieure  (1e)  opposee  a  la  premiere  (1d),  et  dans  lequel  la  sonde  (2)  est  placee  sur  la 
premiere  surface  (1d)  et  deplacee  en  avant  et  en  arriere. 

45  3.  Procede  selon  la  revendication  1,  dans  lequel  la  masse  solide  (1)  comprend  une  premiere  surface  ou 
surface  superieure  dans  laquelle  il  existe  un  defaut  s'ouvrant  a  la  surface  et  une  seconde  surface  ou 
surface  inferieure  parallele  a  la  premiere  surface,  et  dans  lequel  la  sonde  (2)  est  placee  sur  la  premiere 
surface  en  une  position  situee  a  une  certaine  distance  de  decalage  par  rapport  a  la  position  du  defaut 
s'ouvrant  a  la  surface,  et  dans  lequel  la  sonde  (2)  est  deplacee  en  se  rapprochant  et  en  s'eloignant  de 

50  ladite  position. 

55 
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