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mechanisms  or  fingers  with  the  fuel  assembly 
nozzle  structure,  it  is  imperative  that  the  operator 
have  a  clear  and  unobstructed  view  of  the  fuel 
assembly  nozzle.  This,  however,  has  proven  to  be 
a  considerably  difficult  task  to  achieve  when 
operating  conventional  refueling  machines  in 
view  of  the  fact  that  the  operator  observes  the  fuel 
assembly  nozzle  structure  through  a  suitable 
viewing  aperture  or  window  defined  within  the 
refueling  machine  trolley  deck.  Consequently  it  is 
readily  appreciated  that  not  only  is  the  operator 
located  a  considerable  distance  away  from  the 
fuel  assembly  nozzle  structure,  but  in  addition, 
the  reactor  core  cavity  is  entirely  immersed  within 
water.  Therefore,  light  refraction  causes  distor- 
tion  and  an  apparent  erroneous  location  of  the 
fuel  assembly  nozzles. 

Still  further,  in  order  to  view  the  fuel  assembly 
nozzles,  the  operator  must  attempt  the  viewing 
operation  from  a  position  other  than  that  which 
would  be  co-axial  with  the  fuel  assembly  nozzles. 
Consequently,  such  an  angularly  offset  location  of 
the  operator's  viewpoint  increases  the  aforenoted 
distortion,  and  therefore  compounds  the  difficulty 
in  accurately  viewing  the  fuel  assembly  nozzle 
structures  and  obtaining  the  desired  alignment  of 
the  gripper  mechanism  fingers  therewith.  In  an 
attempt  to  resolve  this  problem,  it  has  been 
proposed  to  employ  television  cameras  mounted 
upon  the  outer  stationary  mast  of  the  refueling 
machine.  This  technique,  however,  has  likewise 
proven  to  be  unsatisfactory  in  view  of  the  fact  that 
the  fuel  assemblies  are  nevertheless  being 
viewed  from  a  vantage  point  which  is  inclined  or 
angularly  oriented  relative  to  a  vertical  axial  plane 
of  the  fuel  assemblies. 

It  is  the  principal  object  of  the  present  invention 
to  provide  a  new  and  improved  nuclear  reactor 
refueling  machine. 

The  invention  resides  broadly  in  a  mounting 
system  for  a  television  camera  for  use  with  a 
refueling  machine  having  a  gripper  assembly,  to 
facilitate  the  guidance  of  the  gripper  assembly 
relative  to  fuel  assemblies  of  a  nuclear  reactor 
core,  said  mounting  system  comprising: 

a  vertically  movable  mast; 
gripper  means  mounted  on  said  movable  mast; 
actuator  means  disposed  within  said  mast  for 

actuating  said  gripper  means;  characterized  by 
a  television  camera,  disposed  in  a  housing, 

coaxially  mounted  within  said  mast  by  means  of  a 
shock  absorbing  system,  whereby  said  television 
camera  is  isolated  from  both  vertically  upwardly 
and  vertically  downwardly  directed  shock  loads; 

said  shock  absorbing  system  having  first 
spring-biased  means  normally  biased  vertically 
downwardly,  and  second  spring-biased  means 
normally  biased  vertically  upwardly,  with  said 
television  camera  interposed  between  said  first 
and  second  spring-biased  means;  and 

a  pair  of  semi-circular  support  rings  disposed 
around  said  housing  between  said  first  and 
second  spring-biased  means,  said  support  rings 
having  an  arcuate  extent  less  than  180°  and 
defining  diametrically-opposed,  radially  extend- 

Description 

The  present  invention  relates  generally  to 
nuclear  reactor  facilities,  and  more  particularly  to 
a  mounting  system  for  a  television  camera  which  5 
enables  the  latter  to  be  mounted  internally  within 
the  refueling  machine  gripper  tube  or  inner  mov- 
able  mast  so  as  to  be  movable  therewith,  thereby 
facilitating  the  guidance  of  the  refueling  machine 
gripper  assembly  relative  to  the  fuel  assemblies  io 
of  the  reactor  core  for  achieving  accurate 
alignment  of  the  gripper  assembly  with  respect  to 
a  particular  fuel  assembly  in  preparation  for,  and 
achievement  of,  latching  of  the  gripper  assembly 
with  the  particularly  selected  fuel  assembly  15 
nozzle,  whereby  the  particular  fuel  assembly  may 
be  lifted  out  of  the  reactor  core  and  replaced  with 
a  new  or  fresh  fuel  assembly  by  means  of  the 
refueling  machine. 

As  is  well  known  in  the  nuclear  reactor  art,  the  20 
reactor  core  fuel  assemblies  need  to  be  periodi- 
cally  replaced  in  view  of  the  fact  that  the  nuclear 
fuel  within  the  fuel  assemblies  becomes  depleted 
as  a  result  of  the  normal  operation  of  the  reactor 
facility.  In  accordance  with  conventional  tech-  25 
niques  or  modes  of  operation,  spent  fuel  assem- 
blies  are  removed  from  the  reactor  core  and 
replaced  with  new  or  fresh  fuel  assemblies  by 
means  of  a  refueling  machjne.  The  refueling 
machine  conventionally  comprises  a  trolley  mov-  30 
able  within  a  horizontal  plane  along  a  suitable 
track  system  disposed  above  the  reactor  core  at 
an  elevational  height  of,  for  example,  10,675  m 
(thirty-five  feet)  and  a  vertically  disposed  outer  or 
stationary  mast  is  fixedly  mounted  upon  the  35 
refuelling  machine  trolley  so  as  to  be  movable 
therewith.  A  vertically  movable  inner  mast  or 
gripper  tube  is  co-axially  disposed  interiorly  of 
the  outer  stationary  mast,  and  a  gripper  assembly 
is  fixedly  secured  to  the  lower  end  of  the  refueling  40 
machine  gripper  tube  or  inner  mast.  Guide  pins 
are,  in  turn,  fixedly  secured  to  the  lower  end  of  the 
gripper  assembly  and  are  adapted  to  mate  with 
suitable,  correspondingly  located  apertures  pro- 
vided  within  the  upper  surface  of  each  fuel  45 
assembly.  Suitable  gripper  mechanisms  or 
fingers  are  provided  within  the  refuelling  machine 
gripper  assembly  for  latchably  mating  with  corre- 
sponding  or  cooperating  structure  of  the  fuel 
assembly  nozzles,  the  gripper  assembly  guide  so 
pins  serving  to  accurately  align  the  gripper 
assembly  with  respect  to  the  fuel  assembly  such 
that  the  gripper  fingers  may  in  fact  latchable 
engage  the  fuel  assembly  nozzle  structures.  The 
latchable  gripper  mechanisms  or  fingers  of  the  55 
gripper  assembly  are  mobable  between  their 
latched  and  unlatched  positions  by  means  of  an 
actuator  mechanism  disposed  upon  the  lower 
end  of  a  vertically  movable,  actuator  tube  co- 
axially  disposed  within  the  refueling  machine  60 
gripper  tube  or  inner  mast. 

In  order  to  achieve  the  aforenoted  alignment  of 
the  gripper  assembly  relative  to  the  particular  fuel 
assembly  to  be  replaced  so  as  to  in  fact  achieve 
the  aforenoted  latching  of  the  gripper  65 
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ing  slots  there-between,  said  camera  housing 
having  a  pair  of  diametrically-opposed,  outwardly 
extending  lugs  thereon  and  each  of  said  semi- 
circular  support  rings  having  a  recess  on  the 
upper  portion  thereof,  whereby  said  lugs  can  be 
aligned  with  said  slots,  permitting  upward  axial 
movement  of  said  camera  housing,  so  that  said 
lugs  can  clear  said  support  rings,  and  said  camera 
housing  can  be  rotated  to  dispose  said  lugs  within 
said  recesses  and  lock  said  camera  housing  in 
place. 

The  foregoing  and  other  objectives  of  the 
present  invention  are  achieved  through  the  provi- 
sion  of  a  nuclear  reactor  refueling  machine 
wherein  a  television  camera  is  mounted  within 
the  refueling  machine  gripper  tube  or  inner  mast 
which  is  telescopically  movable  in  a  co-axial 
mode  relative  to  the  outer  or  stationary  mast  of 
the  refueling  machine.  In  particular,  the  television 
camera  is  mounted  within  the  refueling  machine 
actuator  tube  which  is,  in  turn,  telescopically 
movable  in  a  co-axial  mode  relative  to  the  gripper 
tube  or  inner  mast  of  the  refueling  machine. 
Video  signals  from  the  television  camera  are  of 
course  able  to  be  transmitted  by  means  of  suit- 
able  cables,  housed  or  accommodated  within  the 
actuatortube,  as  well  as  within  the  gripper  tube  or 
inner  mast,  of  the  refueling  machine,  to  a  remote 
television  monitor  located  upon  the  refueling 
machine  trolley  for  viewing  or  monitoring  by 
means  of  the  refueling  machine  operator  or  per- 
sonnel.  In  this  manner,  and  particularly  in  view  of 
the  fact  that  the  refueling  machine  outer  or 
stationary  mast,  the  refueling  machine  inner  mast 
or  gripper  tube,  the  refueling  machine  actuator 
tube,  the  refueling  machine  gripper  assembly, 
and  the  television  camera  are  all  co-axially 
aligned  with  respect  to  each  other,  the  refueling 
machine  operator  or  personnel  is  able  to  view  the 
particular  fuel  assembly,  which  is  to  be  removed 
from  the  reactor  core  and  replaced  with  a  new  or 
different  fuel  assembly,  from  a  vantage  point 
which  is  co-axially  aligned  with  the  particular  fuel 
assembly  to  be  so  removed  and  replaced.  In  view 
of  the  additional  fact  that  the  lower  end  of  the 
actuatortube,  the  lower  end  of  the  gripper  tube  or 
inner  mast,  and  the  television  camera  will  be 
immersed  within  the  water  disposed  within  the 
reactor  core  cavity,  all  possible  sources  of  visual 
distortion,  misalignment,  and  location  error  of  the 
particular  fuel  assembly  relative  to  the  refueling 
machine  gripper  assembly,  will  have  been  elimi- 
nated  or  at  least  substantially  reduced.  The 
alignment  process  to  be  defined  between  the 
refueling  machine  gripper  assembly  and  the  par- 
ticular  fuel  assembly  to  be  removed  from  the  core 
and  replaced  with  a  new  or  different  fuel 
assembly  is  thus  appreciated  to  be  capable  of 
being  performed  with  an  enhanced  degree  of 
efficiency  in  view  of  the  foregoing  as  well  as  the 
fact  that  the  refueling  machine  operator  or  per- 
sonnel  has  been  effectively  provided  with  a  view- 
ing  or  vantage  point  immediately  within  the 
vicinity  of  the  particular  fuel  assembly  to  be 
removed  and  replaced. 

The  television  camera  is  secured  within  the 
refueling  machine  actuator  tube  by  means  of  a 
bayonet  type  mounting  system,  and  in  this 
manner,  the  camera  may  be  removed  from,  and 

5  inserted  into,  the  actuator  tube  in  a  simplified 
manner  should  maintenance,  repair,  or  replace- 
ment  of  the  same  prove  necessary.  Suitable 
decoupling  means  are  of  course  preferably  pro- 
vided  in  conjunction  with  the  electrical  connector 

10  hardware  which  serves  to  connect  the  camera 
with  its  power  and  signal  cables  so  as  to  permit 
disconnection  of  the  same  when,  for  example,  the 
camera  is  being  serviced  or  replaced.  The  mount- 
ing  system  for  the  television  camera  within  the 

15  actuator  tube  assembly  is  further  provided  with 
suitable  shock  absorbing  means  whereby  the 
camera  will  be  isolated  from  any  shock  loads 
which  may  be  encountered  during  a  fuel 
assembly  refueling  operation. 

20  Various  other  objects,  features,  and  attendant 
advantages  of  the  present  invention  will  be  more 
fully  appreciated  as  the  same  becomes  better 
understood  from  the  following  detailed  descrip- 
tion  when  considered  in  connection  with  the 

25  accompanying  drawings,  in  which  like  reference 
characters  designate  like  or  corresponding  parts 
throughout  the  several  views,  and  wherein: 

Figure  1  is  a  vertical  cross-sectional  view  of  the 
new  and  improved  nuclear  reactor  refueling 

30  machine  of  the  present  invention  showing  the 
cooperative  parts  thereof  including  the  refueling 
machine  gripper  tube  or  inner  mast,  the  refueling 
machine  actuator  tube  and  the  gripper  assembly, 
and  the  mounting  of  the  television  camera  within 

35  the  refueling  machine  actuator  tube; 
Figure  2  is  an  enlarged,  cross-sectional, 

detailed  view  of  the  camera  mounting  system  of 
Figure  1  as  seen  to  be  enclosed  within  the  ovoid- 
configured  chain  line  region  of  Figure  1;  and 

40  Figure  3  is  a  cross-sectional  view  of  the  tele- 
vision  camera  system  of  Figure  2  as  taken  along 
the  line  3  —  3  of  Figure  2. 

Referring  now  to  the  drawings,  and  more  par- 
ticularly  to  Figure  1  thereof,  there  is  shown  the 

45  new  and  improved  nuclear  reactor  refueling 
machine  of  the  present  invention  as  generally 
designated  by  the  reference  character  10.  The 
refueling  machine  is  seen  to  include,  in  part,  a 
vertically  disposed  gripper  tube  or  inner  mast  12 

50  which  is  vertically  movable  in  a  telescopic 
manner  within  and  relative  to  an  outer  stationary 
mast,  not  shown,  of  the  refueling  machine,  the 
inner  and  outer  masts  of  the  refueling  machine 
being  co-axially  disposed  with  respect  to  each 

55  other.  The  bottom  or  lower  end  of  the  inner  mast 
of  gripper  tube  12  is  closed  by  means  of  a 
centrally-apertured  end  wall  14,  and  an  annular, 
hollow  gripper  assembly,  shown  schematically 
and  in  chain  or  phantom  lines  at  16,  is  suitably 

60  secured  to  the  bottom  end  wall  14  of  gripper  tube 
or  inner  mast  12  by  fastening  means,  such  as,  for 
example,  bolt  mechanisms,  not  shown.  As  is  well 
known  in  the  art,  the  gripper  assembly  16  com- 
prises  a  plurality  of  gripper  finger  mechanisms, 

65  not  shown,  for  lockingly  engaging  the  top  nozzle 
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portions  of  the  fuel  assemblies  when  the  refueling 
machine  is  sought  to  engage  particular  fuel 
assemblies  in  performance  of  a  refueling  oper- 
ation.  The  lower  end  or  bottom  surface  of  gripper 
assembly  16  is  provided  with  a  plurality  of  down- 
wardly  extending  guide  pins  18  for  mating  with 
an  equal  number  of  guide  pin  bores,  not  shown, 
defined  within  the  upper  surface  of  each  fuel 
assembly  nozzle.  In  this  manner,  the  gripper 
assembly  16  is  assured  to  be  properly  aligned 
with  respect  to  the  fuel  assembly  so  as  to,  in  turn, 
facilitate  the  proper  alignment  of  the  gripper 
assembly  gripper  mechanisms  or  fingers  with 
respect  to  the  corresponding  latch  mechanisms 
provided  upon  the  fuel  assembly.  In  order  to 
actuate  or  control  the  operation  of  the  gripper 
assembly  gripper  mechanisms  or  fingers,  not 
shown,  the  refueling  machine  is  further  provided 
with  a  vertically  disposed  actuator  tube  20  which 
is  co-axially  disposed  within  the  refueling 
machine  gripper  tube  or  inner  mast  12.  The 
actuator  tube  20  is  vertically  movable  with  respect 
to  the  gripper  tube  or  inner  mast  12,  and  the  lower 
end  of  the  actuator  tube  20  is  seen  to  project 
downwardly  through  an  aperture  22  defined 
within  lower  end  wall  14  of  gripper  tube  12  so  as 
to  extend  into  the  gripper  assembly  16.  In  this 
manner,  a  flanged  tube  or  pipe  fitting  24  fixedly 
secured  upon  the  lower  end  of  actuator  tube  20 
may  in  fact  serve  to  actuate  the  gripper 
mechanisms  or  fingers  of  the  gripper  assembly  1  6 
in  order  to  engage  or  disengage  the  corres- 
ponding  or  mating  fuel  assembly  nozzle  latching 
components,  also  not  shown,  during  a  refueling 
operation. 

As  has  been  noted  hereinabove,  refueling 
machine  operators  or  personnel  are  disposed 
upon  a  refueling  machine  trolley  during  a  core 
refueling  operation,  wherein  the  trolley  is  mov- 
able  along  a  track  system  which  is  located  at  an 
elevational  height  of,  for  example,  thirty-five  feet 
above  the  reactor  core.  It  can  therefore  be  readily 
appreciated  that  the  refueling  machine  operators 
or  personnel  must  conventionally  control  the 
lateral  or  transverse  movement  of  the  refueling 
machine  along  the  elevated  track  system,  as  well 
as  the  vertical  movement  of  the  gripper  tube  or 
inner  mast  and  that  of  the  actuator  tube  for 
actuating  the  gripper  mechanisms  or  fingers,  ail 
relative  to  the  particular  fuel  assembly  nozzle  and 
latching  structure,  from  a  visual  viewpoint  which 
is  quite  remote  from  the  fuel  assemblies.  In 
addition,  the  reactor  core  is  of  course  immersed 
within  water,  and  therefore  visual  distortion,  as  a 
result  of  the  different  refractive  properties  of 
water  and  air  corresponding  to  the  reactor  core 
environment  and  the  reactor  environment  dis- 
posed  above  the  core  cavity,  respectively,  will 
compound  the  difficulties  attendant  the  visual 
alignment  process  sought  to  be  achieved  by  the 
refueling  machine  operator  or  personnel  when, 
for  example,  the  refueling  machine  gripper 
mechanisms  or  fingers  are  to  engage  the  fuel 
assembly  nozzle  structure.  A  need  therefore 
exists  for  a  system  which  will  in  fact  provide  the 

refueling  machine  operators  or  personnel  with  a 
visual  viewpoint  which  is  effectively  within  the 
immediate  vicinity  of  the  core  fuel  assemblies. 

The  foregoing  need  has  in  fact  been  satisfied  by 
5  means  of  the  present  invention,  and  in  accord- 

ance  with  the  present  invention,  there  is  provided 
a  television  camera  26  which  is  mounted  within 
the  gripper  tube  or  inner  mast  12  of  the  refueling 
machine.  More  particularly,  as  best  seen  in  Fig- 

10  ures  1  and  2,  the  television  camera  26  is  actually 
co-axially  mounted  within  the  actuator  tube  20  of 
the  refueling  machine  so  as  to  be  vertically 
movable  therewith.  The  camera  26  is  fixedly 
secured  within  a  housing  28  which  extends  ver- 

15  tically  upwardly  within  actuator  tube  20  such  that 
the  upper  end  of  housing  28  is  disconnectably 
coupled  with  the  lower  end  of  a  suitable  electrical 
connector  30.  The  upper  end  of  connector  30  is,  in 
turn,  electrically  connected  to  a  power/video- 

20  signal  cable  32  whereby  electrical  power  is  able  to 
be  conducted  to  the  television  camera  26  while 
video  signals  are  able  to  be  transmitted  from 
camera  26  to  a  television  monitor  34  which  is 
connected  to  the  end  of  cable  32  which  is  oppo- 

25  site  that  end  connected  to  connector  30.  Connec- 
tor  30  is  housed  internally  within  the  actuator 
tube  20,  however,  an  upper  central  sidewall  por- 
tion  of  actuator  tube  20  is  provided  with  an 
elongated,  ovoid-configured  slot  36  through 

30  which  the  power/video-signai  cable  32  passes.  In 
this  manner,  cable  32  is  not  confined  within 
actuator  tube  20  and  may  be  conveniently  coiled 
externally  about  the  upper  region  of  actuator  tube 
20  for  routing  vertically  upwardly  within  gripper 

35  tube  or  inner  mast  12  for  ultimate  connection  with 
television  monitor  34.  Monitor  34  is  of  course 
disposed  upon  the  refueling  machine  trolley  for 
viewing  by  means  of  the  refueling  machine 
operators  or  personnel  during  performance  of  a 

40  refueling  operation. 
In  view  of  the  fact  that  the  television  camera  is 

co-axially  disposed  within,  or  with  respect  to,  the 
entire  refueling  machine  comprising  the  outer 
stationary  mast,  not  shown,  the  inner  mast  or 

45  gripper  tube  12,  and  the  actuator  tube  20,  it  will 
readily  be  appreciated  that  the  refueling  machine 
operators  or  personnel  performing  the  refueling 
operation  will  in  fact  be  able  to  view  the  fuel 
assembly  nozzles  from  a  visual  vantage  point 

so  which  is  directly  co-axially  aligned  therewith. 
Consequently,  no  visual  distortion  or  correction 
must  be  compensated  for  or  made,  respectively, 
due  to  any  angular  offset  or  disorientation  effects, 
by  means  of  the  refueling  machine  operators  or 

55  personnel  as  was  characteristic  of  conventional 
refueling  machines  and  operations.  In  addition,  it 
is  also  noted  that  in  view  of  the  fact  that  the 
camera  26  is  mounted  within  the  lower  part  of  the 
actuator  tube  20  so  as  to  be  within  the  vicinity  of 

so  the  lower  end  wall  14  of  the  gripper  tube  or  inner 
mast  12,  or  within  the  vicinity  of  the  upper  portion 
of  the  gripper  assembly  16,  all  as  best  seen  from 
Figures  1,  the  refueling  machine  operators  or 
personnel  are  provided  with  a  visual  viewpoint 

65  which  is  effectively  within  the  immediate  vicinity 
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of  the  core  fuel  assemblies  despite  the  fact  that 
the  operators  or  personnel  are  physically  located 
at  a  location  remote  from  the  reactor  core. 

Still  further,  as  is  well  known  in  the  art,  the 
lower  end  of  the  grippertube  or  inner  mast  12,  as  5 
well  as  the  lower  end  of  the  actuator  tube  20  and 
the  gripper  assembly  16,  will  be  immersed  within 
water  disposed  within  the  reactor  core  cavity 
during  the  refueling  operation.  In  view  of  the  fact, 
therefore,  that  the  camera  26  will  likewise  be  10 
immersed  within  the  core  cavity  water  pool  or 
reservoir,  the  video  images  seen  and  transmitted 
by  the  camera  26  to  the  personnel  monitor  34  will 
not  be  adversely  affected  by  the  light  diffraction 
properties  of  the  water  pool  relative  to  those  of  15 
the  ambient  air  environment  within  the  upper 
portion  of  the  facility,  that  is,  within  the  vicinity  of 
the  refueling  machine  trolley.  It  is  to  be  noted  that 
lighting  for  the  camera  26  may  either  be  self- 
contained  within  the  housing  assembly  28,  actu-  20 
ator  tube  20,  gripper  tube  or  inner  mast  12,  or 
gripper  assembly  16,  or  still  further,  lighting 
means  separate  from  those  normally  employed 
within  the  reactor  core  cavity  may  not  be  required 
if  in  fact  such  normal  lighting  present  within  the  25 
core  cavity  is  sufficient  to  illuminate  the  fuel 
assembly  nozzles  so  as  to  facilitate  the  engage- 
ment  of  the  same  with  the  gripper  assembly  16  of 
the  refueling  machine  as  aided  by  the  television 
monitoring  system  of  the  present  invention.  It  is  30 
lastly  to  be  noted  that  as  depicted  in  Figure  1,  the 
actuator  tube  20  is  disposed  in  its  vertically 
downward  mode  whereby  the  gripping  mech- 
anisms  or  fingers,  not  shown,  of  the  gripper 
assembly  16  have  been  caused  to  be  moved  to  35 
their  open  positions  prior  to  engagement  with  the 
corresponding  or  mating  latching  mechanisms  of 
the  fuel  assembly  nozzles,  also  not  shown.  Con- 
sequently,  the  view  seen  by  the  camera  26,  which 
will  of  course  be  transmitted  to  the  refuelling  40 
machine  operator  or  personnel  by  means  of 
television  monitor  34,  is  entirely  clear  and  unob- 
structed.  It  is  similarly  to  be  noted  that  depending 
upon  the  relative  axial  disposition  of  the  camera 
26  relative  to  the  actuator  tube  20,  and  more  45 
particularly,  for  example,  relative  to  actuator  fit- 
ting  24,  it  may  be  possible  for  the  camera  26,  and 
therefore  the  operator  or  personnel  by  means  of 
monitor  34,  to  be  able  to  see  the  gripper  assembly 
guide  pins  18  in  addition  to  being  already  capable  50 
of  viewing  the  fuel  assembly  nozzle  structures. 
Viewing  of  the  guide  pins  18,  however,  is  not  at  all 
critical  to  the  alignment  operation  between  the 
gripping  assembly  and  the  fuel  assembly  nozzle, 
although  such  would  be  preferred  so  as  to  55 
enhance  the  efficiency  and  ease  of  the  operation 
still  further. 

Continuing  further,  and  with  particular  ref- 
erence  now  being  made  to  Figures  2  and  3, 
another  unique  feature  of  the  present  invention  60 
will  become  apparent.  It  has  been  noted  herein- 
before  that  the  camera  26  was  electrically  and 
mechanically  disconnectable  from  its  power 
source  and  video  transmission  cable  32  by  means 
of  electrical  connector  30,  however,  in  addition  to  65 

such  provision  of  a  decoupling  means,  it  is  also 
desirable  to  be  able  to  simply  and  rapidly  remove 
the  camera  and  its  housing  from  the  actuator  tube 
20  should  the  camera  require  maintenance, 
repair,  replacement,  or  other  similar  servicing.  In 
accordance  with  the  particular  camera  mounting 
system  of  the  present  invention,  a  tubular  support 
housing  38  is  fixedly  secured  to  the  interior  wall 
surface  of  actuator  tube  20  by  suitable  means, 
such  as,  for  example,  welding.  The  upper  end  of 
the  tubular  support  housing  38  is  provided  with  a 
radially  outwardly  extending  annular  flange  40 
which  serves  to  seat  the  support  housing  38  atop 
the  upper  end  of  actuator  tube  20,  while  the  lower 
end  of  the  housing  38  is  provided  with  a  radially 
inwardly  extending  annular  flange  42.  Flange  42 
defines  a  central  aperture  44  through  which 
camera  housing  28  passes.  Support  housing  38  is 
also  provided  with  a  second  radially  inwardly 
projecting  annular  flange  46  which  is  axially 
disposed  above  the  first  flange  42,  and  it  is  seen 
that  the  radial  extent  of  flange  46  is  substantially 
less  than  that  of  flange  42.  A  pair  of  semi-circular 
support  rings  or  blocks  48  are  disposed  upon 
opposite  lateral  sides  of  the  camera  housing  28 
and  include  radially  outwardly  extending  flanged 
portions  50  at  the  lower  ends  thereof.  Circumfer- 
entially  spaced  coil  springs  52  are  interposed 
between  the  support  rings  or  blocks  48  and 
support  housing  flange  42,  the  latter  being  pro- 
vided  with  recess  pockets  or  seats  54  within 
which  the  lower  ends  of  springs  52  are  disposed. 
In  this  manner,  each  of  the  support  rings  or  blocks 
48  is  biased  upwardly  such  that  contact  is  estab- 
lished  between  support  housing  flange  46  and 
support  rings  flanges  50. 

The  upper  end  of  support  housing  38  is  inter- 
nally  threaded  as  at  56,  and  an  annular  plug  38  is 
threadedly  secured  within  housing  38  at  the 
upper  end  thereof.  A  U-shaped  hold-down  cup  60 
is  disposed  atop  the  support  rings  or  blocks  48, 
and  a  coil  spring  62  is  interposed  between  hold- 
down  cup  60  and  upper  end  plug  58,  spring  62 
annularly  surrounding  the  camera  housing  28. 
The  lower  end  of  spring  62  is  confined  within  cup 
60  while  the  upper  end  of  spring  62  is  seated  upon 
an  axially  recessed,  annular  shoulder  portion  64 
of  plus  58.  In  this  manner,  hold-down  cup  60  is 
normally  biased  axially  downwardly  into  contact 
with  the  upper  surfaces  of  support  rings  or  blocks 
48.  In  order  to  complete  the  actuator  tube 
assembly,  a  spacer  66  is  interposed  between  the 
lower  section  20  of  the  actuatortube  and  an  upper 
section  20'  of  the  actuator  tube.  Spacer  66  is 
welded  to  upper  tube  section  20'  as  at  68  and  is 
secured  to  the  end  plug  58  by  means  of  suitable 
bolt  fasteners  70  circumferentially  spaced  about 
the  actuator  tube  assembly.  Dowel  pins  72  are 
also  circumferentially  spaced  about  the  actuator 
tube  assembly  in  an  alternating  fashion  along 
with  fasteners  70,  the  pins  72  serving  to  maintain 
spacer  66  and  plug  58  aligned  so  that  fasteners  70 
may  be  secured  within  plug  58.  Windows  74  are 
provided  within  spacer  66  so  as  to  provide  access 
to  fasteners  70. 
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In  view  of  the  fact  that  the  support  rings  or 
blocks  48  are  semi-circular  in  configuration,  and 
further  in  view  of  the  additional  fact  that  their 
arcuate  extent  is  less  180  as  compared  to  the 
internal  circumference  of  actuator  tube  20,  a  pair  5 
of  diametrically  opposed,  radially  extending  slots 
76  are  defined  between  the  support  blocks  48. 
Camera  housing  28  is  correspondingly  provided 
with  a  pair  of  diametrically  opposed,  radially 
outwardly  extending  lugs  78.  Consequently,  to 
when  it  is  desired  to  insert  the  camera  housing  28 
within  the  actuator  tube  28,  lugs  78  are  aligned 
with  slots  76  and  the  camera  housing  28  is 
pushed  upwardly  from  its  position  shown  in  the 
left  half  side  of  Figure  2.  The  lugs  78  will  engage  15 
the  underside  of  hold-down  cup  60  thereby  forc- 
ing  the  same  upwardly  against  the  biasing  force 
of  coil  spring  62.  When  the  camera  assembly  has 
been  pushed  axially  upwardly  a  sufficient  extent 
so  that  the  lugs  78  will  clear  support  rings  or  20 
blocks  48,  the  camera  housing  28  is  rotated  90 
whereby  the  lugs  78  will  now  be  disposed  within 
recesses  80  defined  within  the  upper  portions  of 
support  blocks  48  at  circumferential  positions 
located  90  away  from  the  slots  76  defined  25 
between  the  blocks  48.  In  this  manner,  not  only  is 
the  camera  housing  28  mounted  within  the  actu- 
ator  tube  20  by  means  of  a  bayonet-type  system, 
but  in  addition,  the  housing  28  is  lockingly 
secured  within  the  actuator  tube  assembly  by  30 
means  of  the  lugs  78  being  disposed  within  the 
recessed  portions  80  of  the  support  rings  or 
blocks  48.  To  remove  the  camera  housing  28  from 
the  actuator  tube  assembly,  the  reverse  pro- 
cessing  is  simply  performed  whereby  the  housing  35 
28  is  initially  moved  axially  upwardly  against  the 
biasing  force  of  coil  spring  62  such  that  the  lugs 
78  clear  the  upper  extent  of  support  rings  or 
blocks  48  so  as  to  in  fact  permit  removal  of  the 
lugs  from  recessed  portions  80,  the  housing  28  is  40 
then  rotated  90  to  again  align  the  lugs  78  with  the 
slots  76  defined  between  the  support  rings  or 
blocks  48,  and  finally,  the  housing  28  may  be 
retracted  axially  downwardly.  The  fully  inserted, 
locked  position  of  the  camera  housing  28  within  45 
the  actuator  tube  assembly  is  of  course  shown  in 
the  right-half  side  of  Figure  2. 

In  accordance  with  the  unique  mounting 
system  of  the  present  invention  for  the  camera 
housing  28,  it  is  to  be  appreciated  that  the  system  50 
provides  shock  absorption  features  for  the  cam- 
era  housing  against  shock  loads  which  may  be 
encountered  during  a  refueling  operation.  In  par- 
ticular,  once  the  camera  housing  28  is  mounted 
within  the  actuator  tube  assembly,  the  lugs  78  of  55 
housing  28  are  interposed  between  hold-down 
cup  60  and  support  rings  or  blocks  48.  In  this 
manner,  due  to  the  downwardly  exerted  biasing 
force  of  spring  62  acting  through  hold-down  cup 
60,  as  well  as  the  upwardly  exerted  biasing  force  so 
of  springs  52  acting  through  support  blocks  48, 
should  camera  housing  28  encounter  any 
upwardly  directed  shock  loads,  the  resilient 
mounting  defined  by  hold-down  cup  60  and 
spring  62  will  accommodate  and  dissipate  the  65 

same,  and  similarly,  should  camera  housing  28 
experience  any  downwardly  directed  shock  loads, 
the  resilient  mounting  defined  by  means  of 
support  rings  or  blocks  48  and  springs  52  will 
likewise  accommodate  and  dissipate  the  same. 

Thus,  it  may  be  seen  that  the  present  invention 
provides  a  new  and  improved  refueling  machine 
wherein  a  television  camera  is  mounted  within 
the  actuator  tube  assembly  of  the  machine  inner 
mast  in  order  to  provide  the  refueling  machine 
operator  or  personnel  with  an  image,  from  the 
immediate  vicinity  of  the  reactor  core,  of  the  fuel 
assembly  nozzle  structure  so  as  to  insure  the 
simple  and  accurate  alignment  of  the  refueling 
machine  gripper  assembly  with  the  nozzle  struc- 
ture,  thereby  enhancing  the  simplicity  and  effi- 
ciency  of  the  refueling  operation.  Visual  disorien- 
tation  and  distortion  effects  are  eliminated,  and 
the  mounting  system  for  the  television  camera 
within  the  actuator  tube  assembly  of  the  refueling 
machine  permits  easy  and  rapid  insertion  and 
withdrawal  of  the  same  relative  to  the  actuator 
tube  assembly  in  connection  with  maintenance, 
repair,  or  replacement  servicing.  The  mounting 
system  also  serves  to  protect  the  camera  from 
shock  loads  which  may  be  encountered  during  a 
refueling  operation. 

Obviously,  many  modifications  and  variations 
of  the  present  invention  are  possible  in  light  of  the 
above  teachings.  It  is  therefore  to  be  understood 
that  within  the  scope  of  the  appended  claims,  the 
present  invention  may  be  practiced  otherwise 
than  as  specifically  described  herein. 

Claims 

1.  A  mounting  system  for  a  television  camera 
for  use  with  a  refueling  machine  having  a  gripper 
assembly  (16),  to  facilitate  the  guidance  of  the 
gripper  assembly  relative  to  fuel  assemblies  of  a 
nuclear  reactor  core,  said  mounting  system  com- 
prising: 

a  vertically  movable  mast  (12); 
gripper  means  mounted  on  said  movable  mast; 
actuator  means  (20)  disposed  within  said  mast 

for  actuating  said  gripper  means;  characterized 
by 

a  television  camera  (26),  disposed  in  a  housing 
(28),  co-axially  mounted  within  said  mast  by 
means  of  a  shock  absorbing  system,  whereby 
said  television  camera  is  isolated  from  both 
vertically  upwardly  and  vertically  downwardly 
directed  shock  loads; 

said  shock  absorbing  system  having  first 
spring-biased  means  (62)  normally  biased 
vertically  downwardly,  and  second  spring-biased 
means  (52)  normally  biased  vertically  upwardly, 
with  said  television  camera  interposed  between 
said  first  and  second  spring-biased  means;  and 

A  pair  of  semi-circular  support  rings  (48)  dis- 
posed  around  said  housing  between  said  first  and 
second  spring-biased  means,  said  support  rings 
having  an  arcuate  extent  less  than  180°  and 
defining  diametrically-opposed,  radially  extend- 
ing  slots  (76)  there-between,  said  camera  housing 
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2.  Montagesystem  nach  Anspruch  1,  wobei  jede 
der  Ausnehmungen  (80)  an  einer  unfangsmalSi- 
gen  Position  von  etwa  90°  von  den  Schlitzen  (76) 
entfernt  ist,  so  dalS  das  Kameragehause  (28)  urn 
etwa  90°  gedreht  werden  kann,  um  die  Osen 
innerhalb  der  Ausnehmungen  in  den  Stiitzringen 
(48)  zu  positionieren. 

Revendications 

1.  Systeme  de  montage  d'une  camera  de  televi- 
sion  pour  utilisation  avec  une  machine  de  re- 
chargement  de  combustible  ayant  un  dispositif  de 
prehension  (16),  afin  de  faciliter  de  guidage  de  ce 
dispositif  de  prehension  par  rapport  aux  assem- 
blages  combustibles  du  coeur  d'un  reacteur 
nucleaire,  ledit  systeme  de  montage  comportant: 

un  mat  (12)  mobile  verticalement; 
des  moyens  de  prehension  montes  sur  ledit 

mat  mobile; 
des  moyens  (20)  de  mise  en  action  disposes  a 

I'interieur  dudit  mat  pour  mettre  en  action  lesdits 
moyens  de  prehension;  caracterise  par 

une  camera  de  television  (26),  disposee  dans  un 
bottier  (28),  monte  coaxialement  a  I'interieur 
dudit  mat  au  moyen  d'un  systeme  amortisseur  de 
chocs,  de  sorte  que  ladite  camera  de  television  est 
isolee  des  effets  des  chocs  diriges  a  la  fois 
verticalement  vers  le  haut  et  verticalement  vers  le 
bas; 

ledit  systeme  amortisseur  de  chocs  ayant  un 
premier  moyen  (62)  pousse  par  un  ressort  norma- 
lement  verticalement  vers  le  bas,  et  un  second 
moyen  (52)  pousse  par  un  ressort  normalement 
verticalement  vers  le  haut,  ladite  camera  de  tele- 
vision  etant  interposee  entre  lesdits  premier  et 
second  moyens  pousses  par  des  ressorts;  et 

une  paire  d'anneaux  de  support  (48)  semi- 
circulaires  disposes  autour  dudit  bottier  entre 
lesdits  premier  et  second  moyens  pousses  par 
des  ressorts,  lesdits  anneaux  de  support  s'eten- 
dant  sur  un  arc  inferieur  a  180°  et  delimitant  entre 
eux  des  evidements  (76)  diametralement  opposes 
et  s'etendant  radialement,  ledit  bottier  de  camera 
ayant  sur  lui  une  paire  d'ergots  (78)  diametrale- 
ment  opposes  et  s'etendant  vers  I'exterieur  et 
chacun  desdits  anneaux  de  support  semi-circu- 
laires  ayant  une  encoche  (80)  a  sa  partie  supe- 
rieure,  lesdits  ergots  pouvant  ainsi  etre  alignes 
avec  iesdits  evidements,  en  permettant  un 
mouvement  axial  vers  le  haut  dudit  bottier  de 
camera,  de  telle  sorte  que  lesdits  ergots  peuvent 
etre  degages  desdits  anneaux  de  support,  et  on 
peut  faire  tourner  ledit  bottier  de  camera  pour 
disposer  lesdit  ergots  a  I'interieur  desdites 
encoches  et  verrouiller  ledit  bottier  de  camera  en 
place. 

2.  Systeme  de  montage  conforme  a  la  revendi- 
cation  1  dans  lequel  chacune  desdites  encoches 
(80)  est  placee  a  une  position  circonferentielle 
ecartee  d'environ  90°  desdits  evidements  (76)  de 
telle  sorte  que  Ton  peut  faire  tourner  ledit  bottier 
de  camera  (28)  d'environ  90°  pour  disposer  lesdits 
ergots  a  I'interieur  desdites  encoches  des 
anneaux  de  support  (48). 

having  a  pair  of  diametrically-opposed,  outwardly 
extending  lugs  (78)  thereon  and  each  of  said 
semi-circular  support  rings  having  a  recess  (80) 
on  the  upper  portion  thereof,  whereby  said  lugs 
can  be  aligned  with  said  slots,  permitting  upward  s  
axial  movement  of  said  camera  housing,  so  that 
said  lugs  can  clear  said  support  rings,  and  said 
camera  housing  can  be  rotated  to  dispose  said 
lugs  within  said  recesses  and  lock  said  camera 
housing  in  place.  10 

2.  The  mounting  system  of  Claim  1  wherein 
each  of  said  recesses  (80)  is  located  at  a  circum- 
ferential  position  at  about  90°  from  said  slots  (76) 
so  that  said  camera  housing  (28)  can  be  rotated 
about  90°  to  dispose  said  lugs  within  said  15 
recesses  in  the  support  rings  (48). 

Patentanspruche 

1  ..Montagesystem  fur  eine  Fernsehkamera  zum  20. 
Einsatz  bei  einer  Brennstoffemeuerungsvorrich- 
tung  mit  einer  Greiferanordnung  (16)  zur  Erleich- 
terung  der  Fiihrung  der  Greiferanordnung  mit 
Bezug  auf  Brennelemente  eines  Kemreaktor- 
kerns,  wobei  das  Montagesystem  aufweist:  25 

einen  vertikal  beweglichen  Mast  (12), 
an  dem  beweglichen  Mast  angrebrachte 

Greifer, 
innerhalb  des  Mastes  angeordnete  Betati- 

gungsmittel  (20)  zum  Betatigen  der  Greifer,  30 
gekennzeichnet  durch 

eine  Fernsehkamera  (26),  die  in  einem  mittels 
eines  StotSdampfersystems  koaxial  innerhalb  des 
Mastes  eingebauten  Gehause  (28)  angeordnet  ist, 
derart,  daS  die  Fernsehkamera  sowohl  gegen  35 
vertikal  aufwarts  ais  auch  gegen  vertikal  a  b  warts 
gerichtete  StoBbelastungen  isoliert  ist, 

wobei  das  StolSdampfersystem  erste  federbela- 
stete  Mittel  (62),  die  im  Ruhezustand  vertikal 
abwarts  vorgesparmt  sind,  und  zweite  federbela-  40 
tete  Mittel  (52)  aufweist,  die  im  Ruhezustand 
vertikal  aufwarts  vorgespannt  sind,  wobei  die 
Fernsehkamera  zwischen  den  ersten  und  zweiten 
federbelasteten  Mitteln  angeordnet  ist, 

und  wobei  ein  Paar  halbkreisformiger  Stiitz-  45 
ringe  (48)  zwischen  den  ersten  und  zweiten  feder- 
belasteten  Mitteln  um  das  Gehause  herum  ange- 
ordnet  ist,  die  jeweils  eine  Bogenausdehnung  von 
weniger  als  180°  haben  und  diametral  gegen- 
uberleigende,  radial  verlaufende  Schlitze  (76)  50 
zwischen  sich  bilden,  wobei  weiter  dam  Kamera- 
gehause  ein  Paar  daran  diametral  gegenuber- 
liegend  angeordneter,  auswarts  vorspringender 
Osen  (78)  aufweist  und  jeder  der  halbkreis- 
formigen  Stutzringe  eine  Ausnehmung  (80)  an  55 
seinem  oberen  Teil  aufweist,  derart,  dalS  die 
genannten  Osen  mit  den  Schlitzen  zur  Deckung 
gebracht  werden  konnen,  um  eine  axiale 
Aufwartsverschiebung  des  Kameragehauses  zu 
ermoglichen,  so  da(5  die  Osen  die  Stutzring  so 
verlassen  konnen,  und  wobei  das  Kamera- 
gehause  gedreht  werden  kann,  um  die.  Osen 
innerhalb  der  Ausnehmungen  zu  positionieren 
und  das  Kameragehause  an  Ort  und  Stelle  zu 
arretieren.  65 



0  147  9 4 4  

FIG.  I. FIG.  2 .  

,20' 

v r   • 
74 

3C 

I2 

FIG.  3 .  i  i 
i  i 

52 

A  ^ 2 6  

16 


	bibliography
	description
	claims
	drawings

