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Description 

The  present  invention  is  related  generally  to  remotely  controllable  sensors  and  more  specifically  to  a 
mechanical  delivery  system  for  remotely  positioning  a  contact-type  ultrasonic  sensor  for  inspecting 

5  components  within  a  nuclear  reactor. 
The  use  of  contact-type  ultrasonic  sensors  is  well-known  for  the  inspection  of  mechanical  components. 

It  is  also  well-known  to  use  remotely  controllable  delivery  systems  for  positioning  the  ultrasonic  sensor 
when  manual  positioning  is  not  possible,  such  as  in  the  cases  of  space  limitations,  hostile  environments, 
etc.  However,  certain  environments,  such  as  inside  a  nuclear  reactor,  present  unique  problems. 

10  Typically,  inspection  of  components  within  a  nuclear  reactor  is  necessary  to  gather  data  on  operational 
performance,  detect  failures,  comply  with  regulations  or  the  like.  Inspections  typically  occur  during  a 
scheduled  outage  for  refueling  or  routine  maintenance.  Such  outages  are  kept  at  minimal  length  for 
economic  reasons.  Thus,  because  of  the  short  duration  of  the  outage,  it  is  necessary  to  perform  a  large 
number  of  complex  inspections  in  a  very  short  time. 

15  In  addition  to  the  time  constraints,  the  inspections  must  be  performed  from  a  platform  far  above  the 
nuclear  reactor  wherein  distances  of  9  or  even  12m  are  not  uncommon  between  the  operator  and  the 
device  being  inspected.  Further,  the  component  to  be  inspected  may  have  a  notch  or  recess  into  which  the 
ultrasonic  sensor  must  be  positioned.  Thus,  a  specific  orientation  between  the  sensor  and  the  component 
to  be  inspected  must  be  achieved  before  the  sensor  can  be  inserted  into  the  notch  or  recess.  Attempts  at 

20  inserting  the  sensor  before  the  proper  orientation  is  achieved  may  result  in  damage  to  the  sensor.  Damage 
to  the  sensors  may  also  occur  if  the  sensors  collide  with  obstacles  on  the  way  to  or  from  the  component  to 
be  inspected. 

Considering  the  complexity  of  a  nuclear  reactor,  the  large  number  of  inspections  which  must  be  made 
in  a  short  time,  and  the  difficulty  of  the  "blind"  positioning  of  a  fragile  sensor  from  a  position  12m  away 

25  from  the  operator  in  a  radioactive  underwater  environment,  it  is  clear  that  the  development  of  mechanical 
systems  for  remotely  positioning  the  sensors  presents  a  wide  variety  of  challenges  to  the  design  engineer. 

Document  JP—  A—  57  53  657  discloses  a  mechanical  system  for  bringing  ultrasonic  probes  into  close 
contact  with  parts  in  a  nuclear  reactor,  and  that  system  comprises  the  features  set  out  in  the 
precharacterizing  portion  of  claim  1.  The  distal  end  of  an  elongated  support  structure  has  pivotally 

30  mounted  thereon  a  pair  of  rotary  arms  each  carrying  an  ultrasonic  probe  at  its  free  end.  A  slide  member  is 
vertically  movable  by  an  actuating  mechanism  in  the  longitudinal  direction  of  the  support  structure  and  is 
coupled  through  a  linkage  with  each  of  said  rotary  arms  so  to  rotate  said  arms  about  their  pivotal 
connections  to  the  support  structure.  In  this  manner,  the  ultrasonic  probes  can  be  position  in  contact  with 
opposite  flanks  of  a  part  to  be  inspected. 

35  The  just  mentioned  prior  art  system,  while  being  suitable  for  easily  accessable  parts,  cannot  satisfy  the 
needs  mentioned  above. 

Thus,  it  is  the  object  of  the  present  invention  to  provide  a  mechanical  delivery  and  remote  positioning 
system  which  satisfies  the  above  mentioned  needs. 

With  this  object  in  view,  the  present  invention  resides  in  a  mechanical  delivery  and  remote  positioning 
40  system  for  remotely  positioning  a  sensor  in  making  engagement  with  a  predetermined  portion  of  a  work 

piece  component  to  be  inspected,  as  characterized  in  claim  1. 
Further  developments  of  the  invention  and  preferred  embodiments  are  characterized  in  the  subclaims. 
The  system  according  to  the  invention  with  the  sensor  being  mounted  through  an  adapter  to  the  arm 

such  that  the  sensor  is  permitted  a  limited  amount  of  rotation  about  an  axis  perpendicular  to  the  arm  and  a 
45  limited  amount  of  rocking  about  a  point  of  that  axis  provides  the  sensor  with  a  loose  fit  within  the  arm  such 

that  the  sensor  can  properly  engage  the  component  to  be  inspected  despite  a  certain  degree  of  mis- 
positioning  between  the  distal  end  of  the  support  structure  and  the  component  and  at  the  same  time 
positively  secure  the  sensor  to  the  arm. 

In  use  the  arm  is  deployed  from  the  support  structure  and  the  entire  delivery  system  is  moved  until  the 
so  sensor  comes  into  contact  with  the  component  to  be  inspected.  The  support  means  is  then  manipulated 

until  the  sensor  matingly  engages  the  predetermined  portion  of  the  component.  In  a  preferred 
embodiment,  after  contact  with  the  component  is  made,  a  delivery  spring  is  used  to  increase  the  force  on 
the  sensor.  The  increase  in  force  may  be  shown  by  a  scale.  The  delivery  system  is  then  rotated  until  the 
sensor  engages  the  component  which  will  be  apparent  from  a  drop  in  force  on  the  sensor  shown  by  the 

55  scale.  The  force  on  the  sensor  may  again  be  increased  to  insure  proper  contact  before  the  inspection  is 
performed. 

A  more  detailed  understanding  of  the  invention  may  be  had  from  the  following  description  of  a 
preferred  embodiment,  given  by  way  of  example  and  to  be  understood  in  conjunction  with  the 
accompanying  drawing  wherein: 

60  Fig.  1  illustrates  the  mechanical  delivery  system  of  a  preferred  embodiment  of  the  present  invention; 
Fig.  2  is  a  cross-sectional  view  of  the  sensor  housing  of  Fig.  1  ; 
Fig.  3  is  another  cross-sectional  view  of  the  sensor  housing  taken  along  the  line  III  —  III; 
Fig.  4  is  detailed  cross-sectional  view  of  the  arm  which  carries  the  ultrasonic  transducers; 
Fig.  4A  is  a  view  of  the  top  surface  of  a  portion  of  the  arm  of  Fig.  3; 

65  Fig.  5  is  detailed  view  of  an  ultrasonic  transducer,  cylindrical  adapter,  and  retaining  clip;  and 
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Fig*.  6  illustrates  the  sensor  housing  of  the  mechanical  delivery  system  of  the  present  invention  in 

operation  in  a  particular  environment.  _ 
Fig.  1  illustrates  a  mechanical  delivery  system  10  constructed  using  the  teachings  of  the  present 

invention.  The  mechanical  delivery  system  10  has  a  sensor  housing  12  located  at  its  lowermost  end.  The 
s  housing  12  carries  an  arm  14  which  is  shown  in  its  open  position  in  Fig.  1.  The  arm  14  has  a  closed  position, 

which  is  shown  in  Fig.  2. 
The  arm  14  carries  a  first  contact-type  ultrasonic  sensor  16  and  a  second  contact-type  ultrasonic  sensor 

18.  When  the  arm  is  in  its  open  position  as  shown  in  Fig.  1,  the  sensors  16  and  18  extend  laterally  of  the 

housing  1  2  and  are  capable  of  mating  engagement  with  the  component  to  be  inspected.  When  the  arm  is  in 
10  its  closed  position,  as  shown  in  Fig.  2,  the  sensors  16  and  18  are  within  the  housing  12  and  are  thereby 

protected  from  damage  while  in  transit  to  and  from  the  inspection  site. 
The  arm  14  is  operated  by  an  actuator  rod  20  shown  in  Fig.  2,  which  terminates  in  an  eye  nut  21  and 

threaded  knob  22,  both  illustrated  in  Fig.  1  .  Because  the  distance  between  the  eye  nut  21  and  the  housing  1  2 

may  typically  be  12m,  it  is  desirable  to  protect  the  actuator  rod  20  with  extension  pipes  24.  The  first 
is  extension  pipe  24  mates  with  threads  25,  shown  in  Fig.  2,  in  the  upper  end  of  the  housing  12.  The  extension 

pipe  24  at  the  uppermost  end  of  the  mechanical  delivery  system  10  is  provided  with  an  outer  support  26. 
Electrical  coaxial  cables  28  and  29  from  the  sensor  16  and  electrical  coaxial  cables  30  and  31  from  the 

sensor  18  are  also  within,  and  protected  by,  the  extension  piping  24.  The  coaxial  cables  28,  29,  30  and  31  are 
capable  of  being  connected  to  ultrasonic  instruments. 

20  The  mechanical  delivery  system  10  is  connected  to  a  ceiling  or  crane  hook  33  through  a  hoist  35,  a 
delivery  spring  37,  and  a  scale  39.  The  eye  nut  21  ,  threaded  knob  22,  hoist  35,  spring  37,  and  scale  39  are  all 
used  to  precisely  position  the  sensors  16  and  18  in  a  manner  described  hereinbelow  in  connection  with  Fig. 

Turning  to  Figs.  2  and  3,  cross-sectional  views  of  the  sensor  housing  12  are  shown.  In  Fig.  2,  the  arm  14 
25  is  shown  in  its  closed  position  wherein  it  is  parallel  to  and  within  the  sensor  housing  12.  The  arm  14  is 

connected  to  the  sensor  housing  12  by  a  connection  pin  40  seen  more  clearly  in  Fig.  3.  The  arm  14  is 
responsive  to  two  pinion  gears  41  and  41'  which  in  turn  are  responsive  to  two  rack  gears  43  and  43  .  The 
rack  gears  43  and  43'  terminate  in  a  common  enlarged  upper  end  44  which  is  connected  to  the  actuator  rod 
20.  The  enlarged  upper  end  44  of  the  rack  gears  43  and  43'  is  also  connected  to  a  pin  46  which  engages  a 

30  guide  48. 
A  biasing  spring  49  is  connected  between  the  upper  end  of  the  housing  12  and  the  enlarged  upper  end 

44  of  the  rack  gears  43  and  43'  with  the  actuator  rod  20  running  therethrough. 
In  operation,  when  the  actuator  rod  20  is  pulled  in  the  direction  indicated  by  the  arrow  50,  the  pin  46 

and  rack  gears  43  and  43'  move  in  the  same  direction.  That  movement  causes  the  biasing  spring  49  to  be 
35  compressed.  That  movement  also  causes  the  pinion  gears  41  and  41  '  to  rotate  causing  the  arm  14  to  swivel 

in  the  directions  indicated  by  the  arrows  51  and  52.  The  housing  1  2  has  openings  54  and  55  to  allow  the  arm 
to  swivel  into  its  open  position  which  is  perpendicular  to  the  housing  12,  as  shown  in  Fig.  1. 

When  the  force  on  the  actuator  rod  20  is  released,  the  biasing  spring  49  urges  the  rack  gears  43  and  43 
and  the  guide  pin  46  back  to  their  starting  positions.  That  motion  causes  the  arm  14  to  swivel  from  the  open 

40  position  perpendicular  to  the  housing  12  to  its  closed  position  as  shown  in  Fig.  2.  The  guide  pin  46  prevents 
stray  movement  of  the  rack  gears  43  and  43'  thus  insuring  positive  engagement  with  pinion  gears  41  and 
41'.  The  second  set  of  rack  and  pinion  gears  43'  and  41',  respectively,  have  been  added  as  a  protective 
feature.  ,.  _.  t The  first  sensor  16  is  mounted  at  a  right  angle,  or  90°,  with  respect  to  the  second  sensor  18.  That 

45  mounting  arrangement  is  necessary  for  one  embodiment  of  the  present  invention  which  will  be  described 
in  detail  hereinbelow  in  conjunction  with  Fig.  6. 

The  mounting  of  the  first  and  second  sensor  16  and  18,  respectively,  is  an  important  feature  of  the 
present  invention  and  will  be  described  in  detail  in  conjunction  with  Figs.  4,  4A,  and  5.  It  is  to  be  understood 
that  the  following  discussion  of  the  mounting  of  the  first  sensor  16  is  equally  applicable  to  the  second 

50  sensor  1 8 . .  
In  Fig.  4,  a  cross-sectional  view  of  the  arm  14  is  shown.  The  arm  14  has  a  cylindrical  opening  57 

extending  therethrough  and  a  recessed  portion  59.  The  cylindrical  opening  57  and  recessed  portion  59  are 
seen  from  another  view  in  Fig.  4A. 

The  sensor  16  is  shown  in  detail  in  Fig.  5. 
55  An  adapter  60  has  an  upper  adapter  portion  61  and  a  lower  cylindrical  adapter  portion  62.  The  upper 

adapter  portion  61  carries  a  transducer  tongue  64  which  houses  an  ultrasonic  transmitter  81  and  receiver 
82.  Two  coaxial  cables  28  and  29  extend  from  the  sensor  16.  Such  a  sensor  may  be  of  a  type  available  from 
Ultran  Laboratories,  model  WSP. 

The  lower  adapter  portion  62  is  cylindrical  and  is  sized  to  be  received  by  the  cylindrical  opening  57  in 
60  the  arm  14.  The  lower  cylindrical  adapter  portion  62  also  has  a  slot  or  notch  65.  The  slot  65  is  defined  by  a 

bottom  surface  66,  a  top  surface  67,  and  a  vertical  wall  68. 
When  the  lower  cylindrical  adapter  portion  62  is  inserted  in  the  cylindrical  opening  57,  a  flat  retaining 

clip  69  is  attached  to  the  arm  14  by  a  screw  (not  shown),  which  extends  through  the  clip  69  into  mating 
threads  70  in  the  arm  14.  The  clip  69  is  designed  to  be  received  by  the  recessed  portion  59  of  the  arm  14 

65  such  that  the  clip  69  is  flush  with  the  top  surface  of  the  arm  14.  When  the  retaining  clip  69  is  attached,  a 65 
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portion  of  the  clip  extends  into  the  slot  65  of  the  lower  cylindrical  adapter  portion  62.  The  dimensions  of  the 
cylindrical  opening  57  in  the  arm  14,  the  lower  cylindrical  adapter  portion  62,  slot  65,  and  clip  69  are  such 
that  the  sensor  16  is  permitted  limited  rotation  (until  part  of  the  vertical  wall  68  of  the  slot  66  meets  the  end 
surface  of  the  clip  69)  about  an  axis  perpendicular  to  the  arm  14.  The  sensor  16  may  also  be  permitted 

5  limited  rocking  (until  the  lower  surface  66  or  the  upper  surface  67  of  the  slot  65  meet  the  clip  69)  about  a 
point  on  the  axis.  That  limited  rotation  and  rocking  is  necessary  because  the  arm  14  may  not  be  exactly 
positioned  for  the  transducer  tongue  64  to  be  inserted  into  the  component  to  be  inspected.  That  limited 
rotation  and  rocking  is  also  necessary  in  the  event  that  the  two  components  to  be  simultaneously  inspected 
by  the  sensors  16  and  18  are  not  in  the  exact  position  anticipated. 

10  The  following  chart  summarizes  the  dimensions  used  in  one  embodiment  to  provide  the  sensors  with 
the  proper  freedom  to  rotate  about  an  axis  perpendicular  to  the  arm  14  and  to  rock  about  a  point  on  that 
axis. 

Part  Dimension  Tolerance  in  mm 
15 

Part  Dimension  Tolerance  in  mm 

lower  cylindrical 
adapter  62  12,7  mm  dia.  +.000-0,025 

cylindrical 
opening  57  12,75  mm  dia.  +0,025-.000 

slot  bottom 
surface  66  3,2  mm  ±0,25 

extension  of  clip 
69  into  slot  66  2,97  mm  ±0,025 

slot  vertical  3,3  mm  +.005+0,12 
wall  68  -.000 

thickness  of  3,15  mm  +.00 
clip  69  -0,05 

20 

25 

30 

35  A  mechanical  delivery  system  10  using  the  above  dimensions  would  typically  have  a  housing  12 
having  an  outside  diameter  of  57mm  and  a  distance  of  about  18cm  between  the  sensors  16  and  18. 

In  addition  to  the  attention  that  must  be  paid  to  the  dimensions  of  the  arm  14,  lower  cylindrical  adapter 
portion  62,  and  the  clip  69,  the  arm  14  is  constructed  of  a  hardened  material  and  the  adapter  60  of  a  softer 
material.  Thus,  the  motion  of  a  softer  adapter  material  on  a  hardened  material  eliminates  sticking  and 

40  galling.  The  overall  effect  of  the  assembled  arm  14  and  sensor  16  is  of  a  loose  fit  of  the  sensor  16  in  the  arm 
14  but  a  fit  which  is  nonetheless  secure. 

The  operation  of  the  mechanical  delivery  system  10  shown  in  Fig.  1  will  now  be  described  in  a 
particular  environment  in  conjunction  with  Fig.  6.  In  Fig.  6,  the  mechanical  delivery  system  10  positions  the 
ultrasonic  sensors  16  and  18  for  inspection  of  split  pins  72  and  74.  The  split  pins  72  and  74  are  used  to 

45  connect  a  guide  tube  76,  which  is  used  to  guide  control  rods  (not  shown),  to  an  upper  core  plate  78.  The 
ultrasonic  sensors  16  and  18  inspect  the  split  pins  72  and  74  for  cracks  or  other  signs  of  mechanical  failure. 
The  mechanical  delivery  system  10  enables  examination  of  the  split  pins  72  and  74  while  they  are  mounted 
in  both  the  guide  tube  76  and  the  upper  core  plate  78;  the  guide  tube  76  and  upper  core  plate  78  are 
mounted  in  the  upper  portion  of  a  nuclear  reactor.  For  ultrasonic  examination,  the  upper  reactor  internals 

50  (not  shown)  are  removed  from  the  reactor  vessel  and  seated  on  an  upper  internals  storage  stand  in 
containment.  The  ultrasonic  inspection  of  the  split  pins  72  and  74  is  done  remotely  from  a  manipulator 
bridge  in  containment  or  suitable  work  platform  with  the  split  pins  under  water  approximately  12m  below. 

In  that  environment,  the  mechanical  delivery  system  10  must  deliver  the  sensors  16  and  18  to  the  split 
pins  72  and  74  mounted  in  the  guide  tube  76  such  that  the  operator  can  remotely  examine  the  pins  to 

55  assess  whether  the  pins  are  structurally  sound.  The  mechanical  delivery  system  10  must  be  able  to 
remotely  engage  the  tongue  64  of  each  sensor  into  the  slot  of  the  split  pins  72  and  74.  For  example,  that 
operation  may  involve  inserting  the  tongue  64  having  a  nominal  width  of  2,4mm  into  a  slot  of  nominal 
width  of  3,2mm  from  a  work  platform  12m  above  without  the  aid  of  a  camera.  The  mechanical  delivery 
system  10  must  position  the  sensors  16  and  18  in  the  split  pins  such  that  the  sensors  can  be  made  to 

60  translate  along  the  length  of  the  split  pin  slot  as  required  by  the  operator  performing  the  inspection. 
Further,  the  mechanical  delivery  system  10  must  not  damage  the  sensors  16  and  18  in  delivering  the 
sensors  to  the  split  pins,  engaging  the  tongues  64  with  the  split  pin  slots,  and  removing  the  sensors  even 
though  the  sensors  16  and  18  are  relatively  fragile.  Finally,  the  mechanical  delivery  system  10  must  be 
relatively  simple  to  operate  and  capable  of  repetitive  inspections.  For  example,  in  a  typical  four-day 

65  examination  period,  60  split  pins  securing  30  guide  tubes  will  be  inspected.  That  inspection  will  include 
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inserting  the  mechanical  delivery  system  10  into  a  guide  tube,  positioning  the  sensors  16  and  18  into  the 
split  pins,  ultrasonically  examining  the  split  pins,  and  removing  the  mechanical  delivery  system  10  from  the 
guide  tube. 

In  Fig.  6,  the  housing  12  has  been  delivered  to  the  floor  79  at  the  bottom  of  the  cavity  some  12m  below 
5  a  work  platform.  When  the  bottom  is  reached,  the  eye  nut  21  shown  in  Fig.  1,  is  pulled  causing  the  swivel 

arm  14  to  assume  its  open  position  as  shown  in  Fig.  5.  When  the  arm  14  has  been  fully  opened,  the 
threaded  knob  22  is  tightened  to  maintain  the  arm  14  in  the  open  position. 

The  hoist  35,  shown  in  Fig.  1,  is  used  to  lift  the  entire  mechanical  delivery  system  until  the  tongues  64 
of  the  sensors  16  and  18  come  in  contact  with  the  bottom  of  the  upper  core  plate  78.  Contact  can  be 

10  determined  by  noticing  an  increase  in  the  reading  of  the  scale  39  above  the  mechanical  delivery  system's 
hanging  weight.  Once  contact  has  been  established,  the  mechanical  delivery  system  is  raised  until  a  load  of 
22N  is  placed  on  the  tongue  of  each  of  the  sensors  16  and  18.  The  operator  then  rotates  the  mechanical 
delivery  system  from  the  work  platform  until  the  transducer  tongues  64  "pop"  into  the  split  pin  slots.  That 
will  be  accomplished  when  the  load  on  the  scale  39  drops  to  the  original  hanging  weight  of  the  mechanical 

15  delivery  system  10.  Again  using  the  hoist  35,  the  mechanical  delivery  system  is  raised  until  the  tongue  64  of 
each  of  the  ultrasonic  sensors  16  and  18  experiences  a  load  of  22N.  Once  that  has  been  accomplished,  the 
split  pins  are  ready  to  be  ultrasonically  inspected. 

After  inspection,  the  mechanical  delivery  system  is  lowered  and  the  threaded  knob  22  is  loosened 
allowing  the  bias  spring  49,  shown  in  Fig.  2,  to  urge  the  arm  14  into  its  closed  position.  Once  the  arm  14  is  in 

20  its  closed  position,  the  mechanical  delivery  system  10  can  be  removed  from  the  guide  tube  76.  The  process 
can  be  repeated  until  all  of  the  split  pins  have  been  ultrasonically  inspected. 

Claims 

25  1.  A  mechanical  delivery  and  remote  positioning  system  for  remotely  positioning  a  sensor  in  mating 
engagement  with  a  predetermined  portion  of  a  workpiece  component  to  be  inspected, 

comprising  an  elongated  support  structure  (24,  26)  having  its  proximal  end  adapted  for  manipulation 
from  a  remote  location,  and  having  mounted  to  its  distal  end  an  arm  (14)  carrying  a  sensor  (16,  18),  and  an 
actuating  mechanism  (20,  41,  43)  for  moving  said  arm  (14)  with  regard  to  said  support  structure  (24,  26), 

30  characterized  in  that  said  sensor  (16,  18)  is  mounted  to  said  arm  (14)  through  an  adapter  (60)  allowing 
limited  rotational  movement  of  said  sensor  about  an  axis  perpendicular  to  said  arm  and  allowing  limited 
rocking  of  said  sensor  about  a  point  along  said  axis. 

2.  The  system  of  claim  1,  characterized  in  that  said  arm  (14)  has  a  cylindrical  opening  (57)  for  receiving 
a  cylindrical  portion  (62)  of  said  adapter  to  permit  rotation  of  the  adapter  within  said  opening  with 

35  cooperating  means  (65,  69)  of  said  adapter  (60)  and  arm  (14)  limiting  the  degree  of  rotation. 
3.  The  system  of  claim  2,  characterized  in  that  said  cooperating  means  include  a  member  (69)  rigidly 

connected  to  said  arm  (14)  and  having  a  protruding  portion  extending  into  a  notch  (65)  of  said  adapter  (60) 
to  limit  the  degree  of  rotation  of  the  adapter  relative  to  said  arm. 

4.  The  system  of  claim  2  or  3,  characterized  in  that  the  diameter  of  said  cylindrical  adapter  portion  (62) 
40  is  smaller  than  the  diameter  of  said  cylindrical  arm  opening  (57)  to  permit  limited  rocking  of  said  adapter 

relative  to  said  arm. 
5.  The  system  of  claim  3  or  4,  characterized  in  that  said  member  (59)  is  a  flat  clip  (69)  mounted  into  a 

recessed  portion  (59)  of  said  arm  so  as  to  be  flush  with  the  arm's  surface. 
6.  The  system  of  any  of  claims  1  to  5,  characterized  in  that  said  arm  (14)  carries  two  sensors  (16,  18) 

45  displaced  from  each  others,  each  of  said  two  sensors  being  mounted  to  said  arm  through  an  adapter  (62) 
allowing  limited  rotation  of  the  sensor  about  an  axis  perpendicular  to  said  arm  and  allowing  limited  rocking 
of  said  sensor  along  a  point  along  said  axis. 

7.  The  system  of  any  of  claims  1  to  6,  characterized  in  that  said  support  structure  includes  a  tubular 
sensor  housing  (12),  and  that  said  arm  (14)  is  connected  through  swivel  means  (40,  41,  43)  to  said  housing 

50  for  movement  between  a  closed  position  in  which  said  arm  is  inside  and  substantially  parallel  to  said 
housing,  and  an  open  position  in  which  said  arm  extends  laterally  of  said  housing. 

8.  The  system  of  claim  7,  characterized  in  that  said  arm  (14)  is  spring  biased  into  said  closed  position. 
9.  The  system  of  any  of  claims  1  to  8,  characterized  in  that  said  actuating  mechanism  includes  an 

actuator  rod  (20),  a  rack  gear  (43)  connected  to  said  actuator  rod  and  a  pinion  gear  (41)  connected  to  said 
55  arm  (14). 

10.  The  system  of  any  of  claims  1  to  9,  characterized  in  that  said  support  structure  includes  a  delivery 
spring  (37)  for  supplying  a  force  for  aiding  placement  of  the  sensor  (16,  18)  in  mating  engagement  with  the 
component's  predetermined  portion,  and  a  scale  (39)  responsive  to  said  delivery  spring  for  indicating  the 
magnitude  of  said  supplied  force. 

60 
Patentanspruche 

1.  Mechanisches  Zufuhr-  und  Fernpositioniersystem  zum  Fempositionieren  eines  Fiihlers  in  passende 
Anlage  mit  einem  vorgegebenen  Bereich  eines  zu  inspizierenden  Werkstiicks, 

S5  mit  einer  langlichen  Haltekonstruktion  (24,  26),  deren  proximales  Ende  fiir  eine  Manipulation  von  einer 
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entfernt  liegenden  Stelle  ausgebildet  ist  und  an  deren  distalem  Ende  ein  Arm  (14)  montiert  ist,  der  einen 
FQhler  (16,  18)  tragt,  und  mit  einem  Betatigungsmechanismus  (20,  41,  43)  zum  Bewegen  des  Arms  (14)  mit 
Bezug  auf  die  Haltekonstruktion  (24,  26), 

dadurch  gekennzeichnet,  daS  der  Fiihler  (16,  18)  an  dem  Arm  (14)  mittels  eines  Adapters  (60)  montiert 
5  ist,  der  eine  begrenzte  Drehbewegung  des  Fuhlers  urn  eine  zu  dem  Arm  senkrechte  Achse  und  eine 

begrenzte  Kippbewegung  des  Fuhlers  um  eine  Punkt  entlang  dieser  Achse  ermoglicht. 
2.  System  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  der  Arm  (14)  eine  zylindrische  Offnung  (57) 

zur  Aufnahme  eines  zylindrischen  Teils  (62)  des  Adapters  aufweist,  um  die  Drehbewegung  des  Adapters 
innerhalb  der  Offnung  zu  ermoglichen,  wobei  miteinander  zusammenwirkende  Elemente  (65,  69)  des 

to  Adapters  (60)  und  des  Arms  (14)  das  AusmaB  der  Drehbewegung  begrenzen. 
3.  System  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  die  miteinander  zusammenwirkenden 

Elemente  ein  Starr  an  dem  Arm  (14)  angeordnetes  Element  (69)  aufweist,  das  mit  einem  vorspringenden 
Teil  in  eine  Ausnehmung  (65)  des  Adapters  (60)  hineinragt,  um  das  AusmaB  der  Drehbewegung  des 
Adapters  relativ  zu  dem  Arm  zu  begrenzen. 

is  4.  System  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daB  der  Durchmesser  des  zylindrischen 
Adapterteils  (62)  kleiner  als  der  Durchmesser  der  zylindrischen  Armoffnung  (57)  ist,  um  eine  begrenzte 
Kippbewegung  des  Adapters  relativ  zu  dem  Arm  zu  ermoglichen. 

5.  System  nach  Anspruch  3  oder  4,  dadurch  gekennzeichnet,  daB  das  Element  (69)  ein  flacher  Clip  (69) 
ist,  der  in  einem  ausgesparten  Teil  (59)  des  Arms  so  montiert  ist,  daB  er  biindig  mit  der  Armoberflache  ist. 

20  6.  System  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  daB  der  Arm  zwei  Fiihler  (16, 
18)  tragt,  die  gegeneinander  versetzt  angeordnet  sind,  wobei  jeder  der  beiden  Fiihler  iiber  einen  Adapter 
(62)  so  an  dem  Arm  montiert  ist,  daB  eine  begrenzte  Drehbewegung  des  Fuhlers  um  eine  zu  dem  Arm 
senkrechte  Achse  und  eine  begrenzte  Kippbewegung  des  Fuhlers  um  einen  Punkt  entlang  dieser  Achse 
moglich  ist. 

25  7.  System  nach  einem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  dalS  die  Haltekonstruktion  ein 
rohrformiges  Kuhlergehause  (12)  aufweist,  und  daB  der  Arm  (14)  mittels  Schwenkmitteln  (40,  41,  43)  mit 
dem  Gehause  verbunden  und  zwischen  einer  geschlossenen  Position,  in  welcher  der  Arm  innerhalb  und  im 
wesentlichen  parallel  zum  Gehause  verlauft,  und  einer  offenen  Position  bewegbar  ist,  in  welcher  der  Arm 
sich  seitwarts  des  Gehauses  erstreckt. 

30  8.  System  nach  Anspruch  7,  dadurch  gekennzeichnet,  daB  der  Arm  (14)  in  Richtung  seiner 
geschlossenen  Position  federbelastet  ist. 

9.  System  nach  einem  der  Anspruche  1  bis  8,  dadurch  gekennzeichnet,  daB  der 
Betatigungsmechanismus  eine  Betatigungsstange  (20),  eine  mit  der  Betatigungsstange  verbundene 
Zahnstange  (43)  und  ein  mit  dem  Arm  (14)  verbundenes  Ritzel  (41)  aufweist. 

35  10.  System  nach  einem  der  Anspruche  1  bis  9,  dadurch  gekennzeichnet,  daB  die  Haltekonstruktion  eine 
Zufiihrfeder  (37)  zum  Erzeugen  einer  Kraft  zur  Unterstutzung  des  Plazierens  des  Fuhlers  (16,  18)  in 
passender  Anlage  mit  dem  vorgegebenen  Werkstuckteil  und  eine  auf  die  Zufuhrfeder  ansprechende  Skala 
(39)  zur  Anzeige  der  GroBe  der  erzeugten  Kraft  aufweist. 

jo  Revendications 

1.  Systeme  mecanique  d'avancement  et  de  positionnement  a  distance  destine  au  positionnement  a 
distance  d'un  capteur  de  maniere  a  ce  qu'il  s'engage  dans  une  partie  predeterminee  d'une  piece 
mecanique  a  inspecter,  comportant  une  structure  de  support  allongee  (24,  26)  dont  I'extremite  proximale 

45  est  apte  a  etre  manipulee  depuis  un  emplacement  eloigne  et  sur  I'extremite  distale  de  laquelle  est  monte 
un  bras  (14)  portant  un  capteur  (16,  18).  et  un  mecanisme  d'actionnement  (20,  41,  43))  servant  a  deplacer 
ledit  bras  (14)  par  rapport  a  ladite  structure  de  support  (24,  26),  caracterise  en  ce  que  ledit  capteur  (16,  18) 
est  monte  sur  ledit  bras  (14)  par  I'intermediaire  d'un  adaptateur  (60)  permettant  un  mouvement  de  rotation 
limite  dudit  capteur  autour  d'un  axe  perpendiculaire  audit  bras  et  permettant  un  mouvement  de  bascule 

so  limite  dudit  capteur  autour  d'un  point  situe  le  long  dudit  axe. 
2.  Systeme  selon  la  revendication  1,  caracterise  en  ce  que  ledit  bras  (14)  comporte  une  ouverture 

cylindrique  (57)  destinee  a  recevoir  une  partie  cylindrique  (62)  dudit  adaptateur  pour  permettre  la  rotation 
de  I'adaptateur  a  I'interieur  de  ladite  ouverture,  des  moyens  de  cooperation  (65,  69)  dudit  adaptateur  (60)  et 
du  bras  (14)  limitant  le  degre  de  rotation. 

55  3.  Systeme  selon  la  revendication  2,  caracterise  en  ce  que  les  moyens  de  cooperation  component  un 
element  (69)  relie  de  maniere  rigide  audit  bras  (14)  et  ayant  une  partie  en  saillie  s'etendant  jusque  dans  une 
encoche  (65)  dudit  adaptateur  (60)  pour  limiter  le  degre  de  rotation  de  I'adaptateur  par  rapport  audit  bras. 

4.  Systeme  selon  la  revendication  2  ou  la  revendication  3,  caracterise  en  ce  que  le  diametre  de  ladite 
partie  cylindrique  (62)  de  I'adaptateur  est  plus  faible  que  le  diametre  de  ladite  ouverture  cylindrique  (57)  du 

60  bras  pour  permettre  un  mouvement  de  bascule  limite  dudit  adaptateur  par  rapport  audit  bras. 
5.  Systeme  selon  le  revendication  3  ou  la  revendication  4,  caracterise  en  ce  que  ledit  element  (69)  est 

une  attache  plate  (69)  montee  dans  un  evidement  (59)  dudit  bras  de  maniere  a  affleurer  la  surface  du  bras. 
6.  Systeme  selon  I'une  quelconque  des  revendications  1  a  5,  caracterise  en  ce  que  ledit  bras  (14)  porte 

deux  capteurs  (16,  18)  eloignes  I'un  de  I'autre,  chacun  desdits  capteurs  etant  monte  sur  ledit  bras  par 
65  I'intermediaire  d'un  adaptateur  (60)  permettant  une  rotation  limitee  du  capteur  autour  d'un  axe 
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perpendiculaire  audit  bras  et  permettant  un  mouvement  de  bascule  limite  dudit  capteur  autour  d'un  point 
situe  le  long  dudit  axe. 

7.  Systeme  selon  I'une  quelconque  des  revendications  1  a  6,  caracterise  en  ce  que  ladite  structure  de 
support  comporte  une  enveloppe  tubulaire  (12)  de  capteur,  et  en  ce  que  ledit  bras  (14)  est  relie  par 

5  I'intermediaire  de  moyens  de  pivotement  (40,  41,  43)  a  ladite  enveloppe  en  vue  de  son  deplacement  entre 
une  position  fermee  dans  laquelle  ledit  bras  se  trouve  a  I'interieur  de  ladite  enveloppe  en  etant 
essentiellement  parallele  a  celle-ci,  et  une  position  ouverte  dans  laquelle  ledit  bras  s'etand  lateralement  par 
rapport  a  ladite  enveloppe. 

8.  Systeme  selon  la  revendication  7,  caracterise  en  ce  que  ledit  bras  (14)  est  sollicite  par  ressort  jusqu'a 
10  ladite  position  fermee. 

9.  Systeme  selon  I'une  quelconque  des  revendications  1  a  8,  caracterise  en  ce  que  ledit  mecanisme 
d'actionnement  comprend  uned  tige  d'actionnement  (20),  une  cremaillere  (43)  reliee  a  ladite  tige 
d'actionnement  et  un  pignon  (41)  relie  audit  bras  (14). 

10.  Systeme  selon  I'une  quelconque  des  revendications  1  a  9,  caracterise  en  ce  que  ladite  structure  de 
15  support  comporte  un  ressort  d'avancement  (37)  servant  a  fournir  une  force  destinee  a  assister  le 

positionnement  du  capteur  (16,  18)  de  maniere  a  ce  qu'il  s'engage  dans  la  partie  predeterminee  de  la  piece 
mecanique,  et  un  instrument  de  mesure  a  echelle  (39)  sensible  audit  ressort  de  presentation  pour  indiquer 
la  grandeur  de  la  force  fournie. 
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