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Description 

The  present  invention  relates  to  an  end  stop  for 
engaging  and  welding  the  sealing  plugs  of  nuclear 
fuel  rods  and  more  particularly  to  an  end  stop 
adapted  for  engaging  the  sealing  plugs  of  nuclear 
fuel  rods  and  which  permits  the  evacuation  and 
pressurization  of  fuel  rods  to  facilitate  girth  and 
seal  welding  of  the  plugs. 

Nuclear  fuel  rods  are  manufactured  from  open- 
ended  zirconium  alloy  tubular  rods.  One  end  of  the 
rod  is  plugged  with  a  zirconium  alloy  end  plug  and 
girth  welded.  Fissionable  pellets  are  inserted  into 
the  rod,  and  the  rod  is  then  plugged  at  its  open 
end  with  a  conventional  zirconium  alloy  sealing 
plug  having  a  small  axial  opening  therein  for  allow- 
ing  gas  flow  in  and  out  of  the  rod. 

In  prior  art  practices,  such  as  illustrated  by  US- 
A-4  188  521  corresponding  to  FR-A-2  400  752,  the 
rod  is  transferred  to  a  girth  welding  chamber  where 
the  rod  is  advanced  against  an  end  stop.  The  end 
stop  serves  two  functions.  It  positions  the  fuel  rod 
and  permits  evacuation  of  the  rod  for  subsequent 
girth  welding.  The  end  stop  typically  includes  an 
axial  opening  therethrough  which  communicates 
with  the  interior  of  the  fuel  rod.  A  vacuum  is  drawn 
through  the  end  stop  to  evacuate  the  fuel  rod  to 
prevent  oxidation  when  girth  welding.  Additionally, 
the  end  stop  is  fixed  on  bearings  allowing  slow 
rotation  of  the  fuel  rod  and  end  stop  as  one  unit.  A 
tungsten  inert  gas  welder  is  positioned  adjacent  the 
end  stop,  and  as  the  rod  rotates,  the  tungsten  inert 
gas  welder  fuses  the  end  plug  into  the  fuel  rod  by 
welding  the  periphery  of  the  rod  end. 

In  accordance  with  prior  art  practices,  after  the 
fuel  rod  is  girth  welded,  it  is  transferred  to  a  seal 
weld  chamber.  The  chamber  is  pressurized  to  ap- 
proximately  41  bar  with  an  inert  gas  such  as  argon, 
helium  or  a  helium-argon  mixture.  As  the  chamber 
is  pressurized,  the  fuel  rod  is  pressurized  at  an 
equal  rate  through  the  sealing  plug  axial  opening. 
When  the  pressure  in  the  fuel  rod  is  equal  to 
chamber  pressure,  a  welding  electrode  end  stop  is 
advanced  adjacent  and  coaxial  with  the  axial  open- 
ing  and  an  arc  is  discharged  from  the  electrode  to 
the  axial  opening  to  fuse  the  opening  closed.  Be- 
cause  welding  is  conducted  in  an  inert  gas  at- 
mosphere,  oxidation  and  other  undesirable  material 
affects  are  minimized.  Additionally,  the  fuel  rod  has 
been  pressurized  with  an  inert  gas.  The  high  pres- 
sure  in  the  fuel  rod  minimizes  the  possibility  that 
the  rod  will  collapse  under  the  high  pressures 
attendant  a  nuclear  reactor  core.  The  inert  gas  in 
the  rod  also  minimizes  internal  oxidation  of  the  fuel 
rod. 

The  above-described  prior  art  practice  is  limit- 
ed  because  it  is  expensive  and  cumbersome.  Two 
separate  welding  chambers  are  used.  The  first 

chamber  is  evacuated  for  girth  welding  and  the 
second  chamber  is  pressurized.  Each  chamber  re- 
quires  separate  controls  and  rod  handling  means. 
Different  designs  in  end  stops  also  are  required: 

5  one  for  the  girth  welding  chamber  and  one  for  the 
seal  weld  chamber,  resulting  in  increased  tooling 
and  production  costs.  Additionally,  the  rod  must  be 
handled  between  the  girth  and  seal  welding  oper- 
ations  resulting  in  increased  rod  handling  costs. 

io  Therefore,  there  is  a  need  for  an  end  stop  to 
permit  girth  and  seal  welding  of  a  sealing  plug 
coaxially  positioned  in  the  end  of  a  nuclear  fuel  rod 
in  one  weld  chamber. 

It  is  thus  an  object  of  the  present  invention  to 
75  provide  an  end  stop  for  engaging  a  sealing  plug 

coaxially  positioned  in  the  end  of  a  nuclear  fuel  rod 
where  the  end  stop  permits  the  evacuation  of  the 
fuel  rod  to  facilitate  the  girth  welding  of  the  plug 
into  the  rod,  and  also  permits  pressurization  of  the 

20  fuel  rod  and  an  enclosing  welding  chamber  to 
facilitate  the  seal  welding  closure  of  the  axial  open- 
ing  in  the  plug. 

SUMMARY  OF  THE  INVENTION 
25 

These  and  other  objects  and  advantages  of  the 
present  invention  are  accomplished  by  an  end  stop 
adapted  for  engaging  a  sealing  plug  which  is  co- 
axially  positioned  in  the  end  of  a  nuclear  fuel  rod. 

30  The  sealing  plug  has  an  axial  opening  therethrough 
which  communicates  with  the  interior  of  the  fuel 
rod.  The  end  stop  is  characterized  by  the  ability  to 
permit  the  evacuation  of  the  fuel  rod  to  facilitate  the 
girth  welding  of  the  plug  onto  the  rod,  and  also  to 

35  permit  pressurization  of  the  fuel  rod  and  an  enclos- 
ing  welding  chamber  to  facilitate  the  seal  welding 
closure  of  the  axial  opening  in  the  plug. 

The  end  stop  includes  a  body  member  having 
front  and  rear  ends,  an  outer  peripheral  surface, 

40  and  an  axial  passage  extending  through  the  body 
member  from  the  front  end  to  the  rear  end  to  form 
front  and  rear  openings.  The  front  opening  is  con- 
figured  to  engage  the  end  of  a  fuel  rod  sealing  plug 
so  that  the  axial  opening  of  the  plug  communicates 

45  with  the  axial  passage  of  the  body  member.  Means 
communicates  with  the  rear  opening  of  the  body 
member  for  permitting  selective  connection  thereof 
to  a  vacuum  source  or  a  pressurized  gas  source. 
An  air  channel  in  the  body  member  extends  be- 

50  tween  the  axial  passage  and  an  outlet  at  the  outer 
peripheral  surface.  A  one-way  valve  positioned  in 
the  air  channel  permits  the  free  passage  of  a  gas 
from  the  axial  passage  to  the  outlet  while  preclud- 
ing  passage  in  the  reverse  direction.  A  welding 

55  electrode  extends  coaxially  through  the  axial  pas- 
sage  and  includes  a  forward  end  positioned  adja- 
cent  the  front  opening  of  the  body  member  for 
permitting  the  seal  welding  closure  of  the  axial 

2 



3 EP  0  405  170  B1 4 

opening  in  a  fuel  rod  sealing  plug  engaging  the 
front  opening  of  the  body  member. 

In  the  preferred  embodiment,  the  end  stop 
body  member  includes  a  front  portion,  a  rear  por- 
tion,  and  an  intermediate  portion  disposed  between 
the  front  and  rear  portions.  The  intermediate  por- 
tion  is  composed  of  an  electrical  insulator  so  as  to 
electrically  isolate  the  front  and  rear  portions. 

The  invention  will  become  more  readily  appar- 
ent  from  the  following  description  of  the  preferred 
embodiment  thereof,  shown  by  way  of  example 
only,  in  the  accompanying  drawings  wherein: 

Figure  1  is  a  partial  side-sectional  view  showing 
in  section  the  welding  chamber  having  the  end 
stop  in  accordance  with  the  present  invention 
engaged  with  the  end  of  a  fuel  rod  sealing  plug. 
Figure  2  is  a  sectional  view  taken  along  line  2-2 
of  Figure  1  showing  the  gas  passage  nozzle  and 
radially  extending  orifices  in  the  gas  passage 
tube  of  the  end  stop. 
Figure  3  is  an  isometric  view  of  the  end  stop  in 
accordance  with  the  present  invention. 
Figure  4  is  an  enlarged  sectional  view  of  the  end 
stop  of  Figure  1  showing  in  detail  the  welding 
electrode,  air  channel  and  spheroidal  ball  posi- 
tioned  therein. 
Figure  5  is  a  sectional  view  taken  along  line  5-5 
of  Figure  4  showing  in  detail  the  configuration  of 
the  welding  electrode  support  member. 

Referring  to  the  drawings,  and  more  particu- 
larly  to  Figure  1,  there  is  shown  a  conventional 
welding  chamber  10  for  girth  welding  a  zirconium 
sealing  plug  100  coaxially  positioned  in  the  end  of 
a  zirconium  nuclear  fuel  rod  101.  The  welding 
chamber  10  has  been  modified  to  include  the  im- 
proved  end  stop  50  of  the  present  invention  which 
permits  the  evacuation  of  the  fuel  rod  101  to  facili- 
tate  the  girth  welding  of  the  sealing  plug  100  onto 
the  fuel  rod  and  the  pressurization  of  the  fuel  rod 
and  welding  chamber  10  to  facilitate  the  seal  weld- 
ing  closure  of  a  sealing  plug  axial  opening  102 
(Figure  3).  The  axial  opening  102  allows  evacuation 
or  pressurization  of  the  fuel  rod  101  by  permitting 
the  passage  of  a  high  pressure  gas  therethrough. 

As  is  conventional,  the  welding  chamber  10 
includes  a  fuel  rod  receiving  head  12  having  an 
orifice  13  therethrough  to  receive  a  nuclear  fuel 
rod.  The  receiving  head  12  is  secured  by  a  press 
fit  into  a  welding  chamber  access  opening  14.  The 
fuel  rod  101,  held  by  a  chuck  110,  is  advanced 
through  the  receiving  head  12  so  that  the  sealing 
plug  100  engages  the  end  stop  50.  As  will  be 
explained  in  detail  later,  the  end  stop  50  is  rotatab- 
ly  mounted  by  a  frictionless  bearing  60  to  an  end 
stop  support  column  20  which  is  bolted  to  the 
welding  chamber  housing  15  by  means  of  bolts  22 
and  spacer  bushings  23,  to  allow  unimpeded  rota- 
tion  of  the  fuel  rod  101  during  girth  welding. 

A  conventional  girth  welding  apparatus  30  is 
supported  by  a  coupler  assembly  31  fixed  to  the 
welding  chamber  housing  15  and  extends  radially 
into  the  welding  chamber  10.  The  girth  welding 

5  apparatus  30  is  a  conventional  TIG  welder  and 
includes  a  power  generator  33  having  an  electrode 
(not  shown)  therein,  and  a  welding  nozzle  35  for 
mixing  an  inert  gas  with  the  arc  produced  by  the 
power  generator.  The  welding  nozzle  terminates  in 

io  a  tip  36  positioned  adjacent  the  fuel  rod  sealing 
plug  100.  As  illustrated,  a  housing  37  supports  the 
nozzle  35  and  tip  36  in  position.  As  the  fuel  rod 
101  rotates,  the  generated  arc  jumps  the  gap  be- 
tween  the  nozzle  tip  36  and  sealing  plug  100 

is  creating  heat  at  the  sealing  plug  to  fuse  the  sealing 
plug  100  to  the  fuel  rod  101. 

The  conventional  TIG  welding  practice  inher- 
ently  minimizes  some  oxidation  around  the  perim- 
eter  of  the  fuel  rod  101.  However,  unless  the  fuel 

20  rod  101  is  evacuated,  oxidation  may  occur  inside 
the  fuel  rod  101  during  welding  by  the  high  heat 
generated  therein.  In  all  conventional  prior  art  prac- 
tices,  the  fuel  rod  101  is  evacuated  before  girth 
welding  to  minimize  internal  rod  oxidation.  As  is 

25  conventional,  the  end  stop  50  includes  a  main  body 
member  51  having  a  front  end  52  configured  to 
engage  the  end  of  a  fuel  rod  sealing  plug  100  in  a 
vacuum  girth  seal.  The  sealing  plug  axial  opening 
102  communicates  with  the  interior  of  the  fuel  rod 

30  and  also  with  an  axial  passage  53  extending 
through  the  end  stop  50  from  the  front  end  52  to 
the  rear  end  54  and  forming  respective  front  and 
rear  openings  thereat  52a,  54a  (Figure  4).  A  gas 
passage  tube  55  of  rigid  stainless  steel  construc- 

35  tion  and  having  an  outer  wall  56  and  internal  pas- 
sage  57  is  connected  to  the  rear  of  the  end  stop 
body  51  so  that  the  gas  passage  tube  internal 
passage  57  communicates  with  the  rear  opening  of 
the  axial  passage  53  in  the  body  51.  As  illustrated, 

40  the  tube  55  extends  rearwardly  and  coaxially 
through  a  support  tube  21  which  is  disposed  in  an 
axial  passage  formed  in  the  end  stop  support  col- 
umn  20.  The  tube  55  is  rotatably  supported  therein 
by  a  conventional  ball  thrust  bearing  and  radial  ball 

45  bearing  60,  which  allow  rotation  of  the  end  stop  50. 
The  gas  passage  tube  55  extends  through  the 
support  tube  and  engages  conventional  seal  hous- 
ing  and  O-ring  61  . 

A  gas  passage  nozzle  65  extends  radially 
50  through  the  support  column  and  tube  21  at  a 

location  between  the  first  and  second  bearing  sup- 
ports  60,  61.  The  gas  passage  tube  55  includes 
four  orifices  58  extending  radially  through  the  outer 
wall  56  and  communicating  with  the  axial  passage 

55  between  the  support  tube  21  and  tube  55.  The 
nozzle  65  communicates  through  a  conventional 
valve  68  to  a  vacuum  source  66  which  creates  a 
vacuum  draw  allowing  evacuation  of  the  support 
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tube  21  and  the  gas  passage  tube  55  via  the 
orifices  58.  Gas  is  thereby  drawn  from  the  fuel  rod 
101  through  the  axial  passage  53  of  the  end  stop 
body  51  into  the  gas  passage  tube  55  and  through 
the  orifices  58.  Typically,  a  vacuum  of  915  or  950 
mbar  is  drawn  to  provide  enough  reduced  atmo- 
sphere  within  the  fuel  rod  101  to  minimize  oxida- 
tion  therein.  After  evacuation  the  fuel  rod  101  is 
girth  welded. 

During  girth  welding,  the  fuel  rod  101  contin- 
ually  engages  the  end  stop  50  to  maintain  the 
proper  arc  distance  between  the  fuel  rod  sealing 
plug  100  and  the  welding  nozzle  tip  36.  The  chuck 
110  drivingly  engages  the  fuel  rod  101  to  rotate  it 
and  the  end  stop  rotatably  supported  on  the  bear- 
ing  60,  as  one  unit  to  allow  full  circumferential 
welding  of  the  fuel  rod  101.  Typically,  the  girth 
weld  operation  takes  six  seconds  and  can  be  either 
pulse  or  non-pulse  welding  using  normal  welding 
parameters. 

In  prior  art  practices,  when  the  girth  weld  was 
completed,  a  fuel  rod  was  removed  from  the  weld- 
ing  chamber  and  transferred  to  a  second  pressur- 
ized  seal  welding  chamber.  The  fuel  rod  was  pres- 
surized  through  the  axial  opening  in  the  sealing 
plug  and  seal  welded,  fusing  the  axial  opening  in 
the  sealing  plug  to  prevent  depressurization 
thereat. 

The  end  stop  50  in  accordance  with  the 
present  invention  allows  both  girth  and  seal  welding 
in  the  same  welding  chamber  such  as  illustrated  in 
Figure  1  .  The  end  stop  50  is  characterized  by  the 
ability  to  permit  the  evacuation  of  the  fuel  rod  101 
to  facilitate  the  girth  welding  of  the  plug  onto  the 
fuel  rod  101,  and  also  to  permit  pressurization  of 
the  fuel  rod  and  the  enclosing  welding  chamber  10 
to  facilitate  the  seal  welding  closure  of  the  axial 
opening  102  in  the  fuel  rod  sealing  plug  100. 

Referring  now  more  particularly  to  Figures  3 
and  4,  and  as  will  be  explained  in  more  detail  later, 
the  end  stop  50  includes  a  welding  electrode  70 
extending  coaxially  through  the  axial  passage  53  of 
the  body  51.  The  welding  electrode  70  includes  a 
forward  end  71  positioned  adjacent  the  front  open- 
ing  52a  of  the  body  51  so  that  a  gap  of  typically 
about  0.5  millimeter  (.020  inch)  is  formed  between 
the  electrode  70  and  the  fuel  rod  sealing  plug  100 
positioned  against  the  end  stop  50.  An  arc  dis- 
charged  across  the  gap  from  the  electrode  70  to 
the  sealing  plug  100  welds  the  sealing  plug  axial 
opening  102  closed  to  prevent  depressurization  of 
the  fuel  rod  101  after  having  been  pressurized.  An 
air  channel  80,  having  a  one-way  valve  81  posi- 
tioned  therein,  extends  between  the  axial  passage 
53  and  an  outlet  82  at  the  outer  peripheral  surface 
59  of  the  body  51.  The  one-way  valve  81  permits 
the  free  passage  of  a  gas  from  the  axial  passage 
53  to  the  outlet  82  while  precluding  passage  of  gas 

in  the  reverse  direction. 
A  pressurized  helium  source  67  connects  to 

the  multiple  path  gate  valve  68.  The  gate  valve  68 
thus  selectively  interconnects  the  vacuum  source 

5  66  and  the  gas  passage  nozzle  65.  In  operation, 
the  fuel  rod  101  is  evacuated  and  then  girth  weld- 
ed.  The  one-way  valve  81  positioned  in  the  air 
channel  80  prevents  any  loss  of  vacuum  draw  from 
the  fuel  rod  101  because  gas  present  in  the  weld- 

io  ing  chamber  10  is  not  evacuated  through  the  end 
stop  50.  Thus,  a  full  vacuum  draw  is  assured.  After 
the  fuel  rod  101  is  girth  welded,  the  multiple  path 
gate  valve  68  is  adjusted  to  close  off  the  vacuum 
source  66  and  open  the  pressurized  helium  source 

is  67.  The  high  pressure  helium  flows  at  up  to  41  bar 
and  flows  into  the  fuel  rod  101,  cooling  the  welding 
electrode  70  and  sealing  plug  100  as  the  high 
pressure  helium  passes  therethrough.  The  high 
pressure  helium  also  forces  any  vapors  formed 

20  during  girth  welding  from  the  fuel  rod  101.  Addi- 
tionally,  the  helium  flows  through  the  air  channel  80 
and  one-way  valve  81  pressurizing  the  welding 
chamber  10  at  a  pressure  equal  to  rod  pressure. 
After  pressurization,  a  current  of  typically  about  40 

25  amps  is  passed  through  the  electrode  70  generat- 
ing  an  arc  between  the  electrode  70  and  the  seal- 
ing  plug  100,  welding  the  sealing  plug  axial  open- 
ing  102  closed.  Oxidation  is  minimized  during 
welding  by  the  high  pressure  helium  gas  which 

30  also  cools  the  electrode  70  after  each  weld  cycle 
allowing  faster  cycle  times  between  welds.  After 
pressurization  and  welding,  the  fuel  rod  101  is 
removed  and  replaced  by  another  fuel  rod  and  the 
cycle  is  repeated. 

35  Referring  now  more  particularly  to  Figure  4,  the 
end  stop  body  50  includes  a  front  portion  91  ,  a  rear 
portion  93,  and  an  intermediate  portion  92  dis- 
posed  between  the  front  and  rear  portions  91,  93. 
The  front  portion  91  is  machined  from  high  speed 

40  steel  to  withstand  wear  generated  by  the  repeated 
engagement  of  zirconium  alloy  fuel  rod  sealing 
plugs  against  the  body  51.  The  rear  portion  93  is 
formed  from  a  stainless  or  other  high  alloy  steel. 
The  intermediate  portion  92  is  composed  of  a 

45  machinable  ceramic  and  electrically  isolates  re- 
spective  front  and  rear  portions  91,  93  to  prevent 
arcing  between  the  electrode  70  and  the  metallic 
front  portion  91.  Pins  94  interconnect  the  front, 
intermediate  and  rear  portions  91,  92,  93  to  main- 

50  tain  these  portions  together  as  an  integral  body  51  . 
As  illustrated  in  Figure  4,  the  air  channel  80  is 

machined  in  the  rear  portion  93  of  the  body  51  and 
is  countersunk  at  the  outlet  82  to  form  an  inwardly 
tapered  air  channel  portion  84  of  "valve  seat" 

55  thereat.  A  spheroidal  ball  85  is  positioned  in  the  air 
channel  80  and  dimensioned  to  fit  within  the  coun- 
tersink  86  at  the  outlet  80  and  retain  an  allowance 
between  the  ball  85  and  walls  of  the  countersink 

4 



7 EP  0  405  170  B1 8 

86.  the  spheroidal  ball  85  is  retained  in  the  counter- 
sink  86  by  a  circumferential  retaining  clip  87  posi- 
tioned  in  a  retaining  groove  88  machined  on  the 
outer  peripheral  surface  59  of  the  body  51  .  When  a 
high  pressure  gas  is  passed  through  the  axial  pas- 
sage  53,  the  spheroidal  ball  85  is  forced  upwardly 
against  the  retaining  clip  87  allowing  passage  of 
the  high  pressure  gas  around  the  ball  85  and 
through  the  outlet  82.  During  fuel  rod  evacuation, 
the  higher  welding  chamber  pressure  forces  the 
spheroidal  ball  85  against  the  valve  seat  84.  The 
ball  85  is  dimensioned  to  engage  the  valve  seat  84 
without  passing  therethrough,  and  thus  prevent  the 
passage  of  a  gas  from  the  outlet  82  into  the  body 
axial  passage  53  when  the  fuel  rod  101  and  axial 
passage  are  evacuated. 

Referring  again  to  the  details  of  the  welding 
chamber  10  illustrated  in  Figure  1,  the  electrode  70 
extends  the  length  of  the  gas  passage  tube  55. 
Electrical  conduit  means  72  connects  the  electrode 
at  the  seal  housing  61  to  a  conventional  power 
supply  73  which  provides  to  the  electrode  70  the 
required  40  amps  used  in  welding.  An  electrode 
support  member  74  is  frictionally  retained  in  the 
axial  passage  53  and  engages  the  electrode  70  to 
position  it  in  a  fixed  coaxial  relation  with  the  axial 
passage  of  the  body  51.  The  welding  electrode 
support  member  74  has  front  and  rear  ends  74a, 
74b  and  an  outer,  substantially  circular  peripheral 
surface  75  (Figure  5).  The  support  member  74  is 
positioned  in  the  axial  passage  53  of  the  body  51 
and  engages  the  intermediate  and  rear  portions  of 
the  body  92,  93.  The  support  member  front  end 
74a  is  retained  against  a  support  stop  96  formed  in 
the  axial  passage  53  of  the  ceramic  intermediate 
portion  92.  The  support  member  rear  end  74b 
includes  a  stepped  portion  forming  a  ledge  76 
thereat  for  engagement  with  the  metallic  rear  por- 
tion  93.  The  support  stop  96  and  the  ledge  76, 
engaging  the  rear  portion  93,  maintain  the  support 
member  74  in  fixed  relation  to  the  axial  passage 
53. 

As  illustrated,  a  drilled  opening  77  extends 
through  the  support  member  coaxial  with  the  axial 
passage  of  the  body.  The  welding  electrode  70  is 
frictionally  received  into  the  opening  77  so  that  its 
forward  end  71  is  positioned  adjacent  the  front 
opening  52a  of  the  body  member.  The  interference 
fit  between  the  electrode  70  and  drilled  opening  77 
provides  the  desired  rigidity  to  the  electrode  70  to 
maintain  the  electrode  in  a  fixed,  coaxial  relation 
with  the  axial  passage  57.  Four  equally  spaced 
inner  slots  78  extend  along  the  support  member 
drilled  opening  77  (Figures  4  and  5)  from  the  front 
74a  to  rear  ends  74b  thereof.  The  slots  78  provide 
open  areas  through  which  a  gas  can  flow  thereth- 
rough  for  enabling  the  evacuation  and  pressuriza- 
tion  of  a  fuel  rod.  Although  the  slots  78  are  rectan- 

gularly  configured  and  produced  by  conventional 
machining  or  electrical  discharge  methods,  almost 
any  slot  configuration  can  be  used  as  long  as 
sufficient  open  area  is  provided  for  the  passage  of 

5  a  gas  therethrough. 
Four  equally  spaced  outer  channels  79  extend 

along  the  outer  peripheral  surface  75  of  the  support 
member  74  from  the  front  74a  to  rear  end  74b 
thereof  (Figures  4  and  5).  The  channels  79  are 

io  machined  at  radial  positions  at  an  acute  angle  with 
the  inner  slots  78  (Figure  5)  to  maintain  the  struc- 
tural  integrity  of  the  support  member  74.  The  four 
outer  channels  79  terminate  at  the  rear  end  74b  of 
the  support  member  74  in  a  peripheral  groove 

is  machined  on  the  support  member  peripheral  sur- 
face  75,  forming  a  concentric  channel  95  between 
the  support  member  74  and  the  rear  portion  93  of 
the  body  51  (Figure  4).  As  illustrated,  the  concen- 
tric  channel  95  communicates  with  the  air  channel 

20  80  machined  in  the  rear  portion  93  of  the  body. 
Thus,  an  unopposed  open  gas  flow  channel  is 
formed  between  the  axial  passage  53,  the  fuel  rod 
101  and  the  air  channel  80  machined  in  the  body 
rear  portion  93. 

25  At  the  start  of  the  welding  operation,  the  fuel 
rod  101  initially  is  evacuated  by  drawing  gas  from 
the  fuel  rod,  through  the  support  member  inner 
slots  78  and  into  the  gas  passage  tube  55.  The 
spheroidal  ball  85  is  drawn  onto  the  valve  seat  84 

30  closing  the  air  channel  80  and  preventing  any  gas 
from  being  drawn  from  the  welding  chamber  10 
and  through  the  air  channel  outlet  82  and  air  chan- 
nel  80.  From  the  gas  passage  tube  55,  the  gas  is 
drawn  through  the  orifices  58  and  into  the  gas 

35  passage  nozzle  65.  When  evacuation  of  the  fuel 
rod  101  is  complete,  the  rod  is  girth  welded. 

After  girth  welding,  a  high  pressure  helium  gas 
of  approximately  41  bar  (600  psi)  is  forced  through 
the  body  axial  passage  53  to  pressurize  the  fuel 

40  rod  101.  The  high  pressure  helium  gas  initially 
flows  through  the  inner  slots  78  and  into  the  fuel 
rod.  As  the  fuel  rod  is  pressurized,  the  helium  gas 
forces  weld  vapors  formed  during  the  girth  welding 
operation  out  of  the  rod.  The  high  pressure  helium 

45  gas  and  weld  vapors  are  forced  through  the  outer 
channels  78  and  into  the  air  channel  80.  The  high 
pressure  helium  raises  the  spheroidal  ball  85  off 
the  valve  seat  84  allowing  the  gas  to  pass  thereth- 
rough  to  pressurize  the  welding  chamber  10  and 

50  purge  the  end  stop  of  weld  vapors.  The  pressure 
needed  to  raise  the  spheroidal  ball  85  off  the  valve 
seat  84  can  be  adjusted  by  varying  the  spring 
strength  of  the  retaining  clip  87. 

Once  the  fuel  rod  101  and  welding  chamber  10 
55  are  stabilized  at  similar  high  pressures,  the  fuel  rod 

is  seal  welded  by  passing  an  electric  arc  from  the 
electrode  70  to  the  fuel  rod  sealing  plug  100  to 
fuse  the  sealing  plug  axial  opening  102  closed.  The 

5 
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high  pressure  helium  gas  minimizes  oxidation  dur- 
ing  welding  and  provides  the  internal  high  pressure 
needed  in  a  fuel  rod  to  prevent  collapse  thereof 
under  the  high  pressures  in  a  nuclear  fuel  reactor 
core  vessel. 

Claims 

1.  An  end  stop  (50)  for  use  in  a  welding  chamber 
for  sealing  nuclear  fuel  rods,  said  end  stop 
being  adapted 

-  for  engaging  a  sealing  plug  (100)  which 
is  coaxially  positioned  in  the  end  of  a 
nuclear  fuel  rod  (101)  and  which  has  an 
axial  opening  (102)  therethrough  which 
communicates  with  the  interior  of  the  fuel 
rod  (101),  and 

-  to  permit  evacuation  and  also  pressuriza- 
tion  of  the  fuel  rod  through  that  sealing 
plug  opening  (102),  said  end  stop  com- 
prising: 

a  body  member  (51)  which  has  front  and  rear 
ends  (52,  54),  an  outer  peripheral  surface  (59), 
and  an  axial  passage  (53)  extending  through 
said  body  member  from  said  front  end  to  said 
rear  end  to  form  front  and  rear  openings  (52a, 
54a),  said  front  opening  being  configured  to 
engage  the  outer  end  of  a  fuel  rod  sealing  plug 
(100)  and  so  that  the  axial  opening  (102)  of  the 
plug  communicates  with  the  axial  passage  (53) 
of  said  body  member; 
welding  electrode  means  (70)  extending  co- 
axially  through  said  axial  passage  and  includ- 
ing  a  forward  end  (71)  positioned  adjacent  said 
front  opening  (52a)  of  said  body  member  for 
permitting  the  seal  welding  closure  of  the  axial 
opening  (102)  in  a  fuel  rod  sealing  plug  engag- 
ing  said  front  opening  of  said  body  member 
means  (55)  communicating  with  the  rear  open- 
ing  (54a)  of  said  body  member  for  permitting 
selective  connection  thereof  to  a  vacuum 
source  (66)  or  a  pressurized  gas  source  (67); 
air  channel  means  (80)  in  said  body  member 
and  extending  between  said  axial  passage  (53) 
and  an  outlet  (82)  at  said  outer  peripheral 
surface  (59);  and 
one-way  valve  means  (81)  positioned  in  said 
air  channel  means  for  permitting  the  free  pas- 
sage  of  a  gas  from  said  axial  passage  to  said 
outlet  while  precluding  passage  in  the  reverse 
direction. 

2.  The  end  stop  (50)  as  defined  in  claim  1,  char- 
acterized  in  that  said  body  member  comprises 
a  front  portion  (19),  a  rear  portion  (93),  and  an 
intermediate  portion  (92)  disposed  between 
said  front  and  rear  portions  and  being  com- 
posed  of  an  electrical  insulator  so  as  to  elec- 

trically  isolate  said  front  and  rear  portions. 

3.  The  end  stop  as  defined  in  claim  1  or  2, 
characterized  in  that  said  valve  means  (81) 

5  positioned  in  said  air  channel  means  (80)  in- 
cludes  a  countersink  (86)  at  said  outlet,  a  ball 
(85)  positioned  in  said  countersink,  and  spring 
retaining  means  (87)  engaging  said  outer  pe- 
ripheral  surface  (59)  and  said  ball  for  retaining 

io  said  spheroidal  ball  inside  said  contersink. 

4.  The  end  stop  as  defined  in  claim  3,  character- 
ized  in  that  said  countersink  (86)  includes  an 
inwardly  tapered  portion  (84)  extending  toward 

is  said  axial  passage  to  form  a  valve  seat  thereat, 
with  said  ball  (85)  being  dimensioned  to  coop- 
erate  with  said  tapered  valve  seat  to  preclude 
the  passage  of  a  gas  from  the  outlet  (82)  into 
the  axial  passage  (53). 

20 
5.  The  end  stop  as  defined  in  any  of  claims  1  to 

4,  characterized  in  that  said  means  commu- 
nicating  with  the  rear  opening  of  said  body 
member  includes  a  tubular  member  (55)  hav- 

25  ing  an  outer  wall  (56)  and  an  internal  passage 
(57)  communicating  with  the  axial  passage  (53) 
of  said  body  member  and  at  least  one  orifice 
(58)  extending  radially  through  said  outer  wall 
of  said  tubular  member  for  communicating  with 

30  a  vacuum  (66)  or  pressurized  gas  source  (67). 

6.  The  end  stop  as  defined  in  any  of  claims  1  to 
5,  characterized  in  that  said  front  opening  (52a) 
is  tapered  so  as  to  be  adapted  to  engage  the 

35  end  of  a  fuel  rod  sealing  plug  (100)  in  a 
vacuum  tight  seal. 

7.  The  end  stop  as  defined  in  any  of  claims  1  to 
6,  characterized  in  that  said  welding  electrode 

40  means  comprises  a  support  member  (74)  posi- 
tioned  within  said  axial  passage  and  have  front 
and  rear  ends  (74a,  74b),  an  outer  peripheral 
surface  (75)  frictionally  engaging  said  body 
member  within  said  axial  passage,  an  inner 

45  opening  (77)  extending  therethrough  and  co- 
axial  with  said  axial  passage,  and  a  welding 
electrode  (70)  extending  coaxially  through  said 
inner  opening  and  being  frictionally  engaged 
thereby,  said  electrode  including  a  forward  end 

50  (71)  positioned  adjacent  said  front  opening  of 
said  body  member,  said  inner  opening  of  said 
support  member  including  slot  means  (78)  to 
allow  the  passage  of  a  gas  therethrough. 

55  8.  The  end  stop  as  defined  in  claim  7,  character- 
ized  in  that  said  slot  means  includes  at  least 
one  inner  slot  (78)  extending  axially  along  said 
inner  opening,  and  said  air  channel  means  (80) 

6 
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includes  at  least  one  outer  channel  (79)  ex- 
tending  axially  along  said  outer  peripheral  sur- 
face  (75)  of  said  support  member. 

9.  The  end  stop  as  defined  in  claim  2,  character- 
ized  in  that  said  support  member  (74)  is  fric- 
tionally  retained  within  said  axial  passage  (53) 
by  said  intermediate  and  rear  portions  (92,  93). 

Patentanspruche 

1.  Endanschlag  (50)  zur  Verwendung  in  einer 
SchweiBkammer  zum  VerschlieBen  von  Kern- 
brennstaben,  wobei  der  Endanschlag  ausge- 
legt  ist  fur 

-  eine  Anlage  an  einem  VerschluBstopfen 
(100)  ,  der  koaxial  im  Ende  eines  Kern- 
brennstabs  (101)  positioniert  ist  und  eine 
axiale  Durchgangsoffnung  (102)  aufweist, 
die  mit  dem  Inneren  des  Brennstabs 
(101)  in  Verbindung  steht,  und 

-  das  Ermoglichen  des  Evakuierens  und 
auch  der  Druckbeaufschlagung  des 
Brennstabs  durch  die  VerschluBstopfen- 
offnung  (102), 

wobei  der  Endanschlag  aufweist: 
einen  Anschlagkorper  (51)  mit  einem  vorderen 
und  einem  hinteren  Ende  (52,  54),  einer  auBe- 
ren  Umfangsflache  (59)  und  einem  axialen  Ka- 
nal  (53),  der  vom  vorderen  Ende  zum  hinteren 
Ende  durch  den  Anschlagkorper  hindurchver- 
lauft  und  vordere  und  hintere  Offnungen  (52, 
54a)  bildet,  wobei  die  vordere  Offnung  so  kon- 
figuriert  ist,  daB  sie  das  auBere  Ende  eines 
BrennstabverschluBstopfens  (190)  erfassen 
kann  und  die  axiale  Offnung  (102)  des  Stop- 
fens  mit  dem  axialen  Kanal  (53)  des  Anschlag- 
korpers  kommuniziert, 
eine  koaxial  durch  den  axialen  Kanal  verlaufen- 
de  SchweiBelektrode  (70)  mit  einem  vorderen 
Ende  (71),  das  an  der  vorderen  Offnung  (52a) 
des  Anschlagkorpers  positioniert  ist  und  das 
VerschlieBen  der  axialen  Offnung  (102)  in  ei- 
nem  an  der  vorderen  Offnung  des  Anschlag- 
korpers  anliegenden  BrennstabverschluBstop- 
fens  durch  VerschweiBen  ermoglicht, 
mit  der  hinteren  Offnung  (54a)  des  Anschlag- 
korpers  kommunizierende  Mittel  (55),  die  eine 
wahlweise  Verbindung  der  hinteren  Offnung 
mit  einer  Vakuumquelle  (66)  oder  einer  Druck- 
gasquelle  (67)  ermoglichen, 
einem  in  dem  Anschlagkorper  gebildeten  Luft- 
kanal  (80),  der  zwischen  dem  axialen  Kanal 
(53)  und  einem  AuslaB  (82)  an  der  auBeren 
Umfangsflache  (59)  verlauft,  und 
ein  in  dem  Luftkanal  angeordnetes  Einwegven- 
til  (81),  das  den  freien  Durchgang  eines  Gases 
aus  dem  axialen  Kanal  zu  dem  AuslaB  zulaBt, 

aber  einen  Durchgang  in  entgegengesetzter 
Richtung  sperrt. 

2.  Endanschlag  (50)  nach  Anspruch  1,  dadurch 
5  gekennzeichnet,  daB  der  Anschlagkorper  einen 

vorderen  Teil  (19),  einen  hinteren  Teil  (93),  und 
einen  Zwischenteil  (92)  aufweist,  der  zwischen 
dem  vorderen  und  dem  hinteren  Teil  angeord- 
net  ist  und  aus  einem  elektrischen  Isolator 

io  besteht,  so  daB  er  den  vorderen  Teil  und  den 
hinteren  Teil  elektrisch  voneinander  isoliert. 

3.  Endanschlag  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daB  das  in  dem  Luftkanal  (80) 

is  angeordnete  Ventil  (81)  eine  Ansenkung  (86) 
an  dem  AuslaB,  eine  in  der  Ansenkung  positio- 
nierte  Kugel  (85),  und  ein  Federruckhalteele- 
ment  (87)  aufweist,  das  an  der  AuBenumfangs- 
flache  (59)  der  Kugel  angreift  und  diese  inner- 

20  halb  der  Ansenkung  halt. 

4.  Endanschlag  nach  Anspruch  3,  dadurch  ge- 
kennzeichnet,  daB  die  Ansenkung  (86)  einen 
sich  einwarts  verjungenden,  zu  dem  axialen 

25  Kanal  hin  verlaufenden  Teil  (84)  aufweist,  der 
einen  Ventilsitz  bildet,  wobei  die  Kugel  (85)  so 
dimensioniert  ist,  daB  sie  mit  dem  sich  verjun- 
genden  Ventilsitz  im  Sinne  einer  Sperrung  des 
Durchgangs  eines  Gases  vom  AuslaB  (82)  in 

30  den  axialen  Kanal  (53)  zusammenwirkt. 

5.  Endanschlag  nach  einem  der  Anspruche  1  bis 
4,  dadurch  gekennzeichnet,  daB  die  mit  der 
hinteren  Offnung  des  Anschlagkorpers  kommu- 

35  nizierenden  Mittel  ein  Rohrelement  (55)  mit 
einer  auBeren  Wand  (56)  und  einem  inneren 
Kanal  (57)  aufweist,  der  mit  dem  axialen  Kanal 
(53)  des  Anschlagkorpers  kommuniziert,  sowie 
mindestens  eine  radial  durch  die  auBere  Wand 

40  des  Rohrelements  verlaufende  Offnung  (58) 
zum  Kommunizieren  mit  einer  Vakuumquelle 
(66)  oder  einer  Druckgasquelle  (67)  aufweist. 

6.  Endanschlag  nach  einem  der  Anspruche  1  bis 
45  5,  dadurch  gekennzeichnet,  daB  die  vordere 

Offnung  (52a)  derart  konisch  ausgebildet  ist, 
daB  sie  zur  Anlage  am  Ende  eines  Brennstab- 
verschluBstopfens  (100)  mit  vakuumdichtem 
Sitz  angepaBt  ist. 

50 
7.  Endanschlag  nach  einem  der  Anspruche  1  bis 

6,  dadurch  gekennzeichnet,  daB  die  SchweiB- 
elektrode  ein  innerhalb  des  axialen  Kanals  an- 
geordnetes  Tragteil  (74)  mit  einem  vorderen 

55  und  einem  hinteren  Ende  (74a,  74b),  eine  au- 
Bere  Umfangsflache  (75),  die  reibschlussig  in- 
nerhalb  des  axialen  Kanals  an  dem  Anschlag- 
korper  anliegt,  eine  mit  dem  axialen  Kanal 

7 
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koaxiale  durchgehende  innere  Offnung  (77), 
und  einen  durch  die  innere  Offnung  koaxial 
hindurchverlaufenden  und  darin  reibschlussig 
sitzenden  SchweiBelektrodenkorper  (70)  auf- 
weist,  dessen  vorderes  Ende  (71)  im  Bereich 
der  vorderen  Offnung  des  Anschlagkorpers  po- 
sitioniert  ist,  wobei  die  innere  Offnung  des 
Tragteils  genutet  (78)  ist,  urn  den  Durchgang 
eines  Gases  zu  ermoglichen. 

8.  Endanschlag  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  daB  die  Nutung  mindestens  eine 
innere  Nut  (78)  aufweist,  die  axial  entlang  der 
inneren  Offnung  verlauft,  und  daB  der  Luftkanal 
(80)  mindestens  eine  auBere  Nut  (79)  umfaBt, 
die  axial  entlang  der  auBeren  Umfangsflache 
(75)  des  Tragteils  verlauft. 

9.  Endanschlag  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  daB  das  Tragteil  (74)  uber  dem 
genannten  mittleren  Teil  und  den  hinteren  Teil 
(92,  93)  reibschlussig  in  den  axialen  Kanal  (53) 
gehalten  wird. 

Revendicatlons 

1.  Butee  (50)  pour  utilisation  dans  une  chambre 
de  soudage  pour  fermer  des  barres  de  com- 
bustible  nucleaire,  la  butee  etant  congue  pour 

-  etre  apposee  a  un  bouchon  de  fermeture 
(100)  qui  est  positionne  de  maniere 
coaxiale  dans  I'extremite  d'une  barre  de 
combustible  nucleaire  (101)  et  qui  pre- 
sente  une  ouverture  de  passage  (102) 
axiale  qui  est  en  contact  avec  I'interieur 
de  la  barre  de  combustible  (101),  et 

-  pour  permettre  I'evacuation  et  egalement 
la  pressurisation  de  la  barre  de  combus- 
tible  a  travers  I'ouverture  du  bouchon  de 
fermeture  (102), 

la  butee  presentant  : 
un  corps  de  butee  (51)  avec  une  extremite 
avant  et  une  extremite  arriere  (52,  54),  une 
surface  peripherique  exterieure  (59)  et  un  ca- 
nal  axial  (53)  qui  traverse  de  I'extremite  avant 
a  I'extremite  arriere  le  corps  de  butee  et  forme 
des  ouvertures  avant  et  arriere  (52,  54a),  I'ou- 
verture  avant  etant  configuree  de  maniere  a  ce 
qu'elle  puisse  saisir  I'extremite  exterieure  d'un 
bouchon  de  fermeture  de  barre  de  combustible 
(190)  et  que  I'ouverture  axiale  (102)  du  bou- 
chon  communique  avec  le  canal  axial  (53)  du 
corps  de  butee, 
une  electrode  de  soudure  (70)  coaxiale  s'eten- 
dant  a  travers  le  canal  axial  avec  une  extremite 
avant  (71),  qui  est  positionnee  a  I'ouverture 
avant  (52a)  du  corps  de  butee  et  qui  permet  la 
fermeture  par  soudage  de  I'ouverture  axiale 

(102)  dans  un  bouchon  de  fermeture  de  barre 
de  combustible  qui  est  appose  a  I'ouverture 
avant  du  corps  de  butee, 
comprenant  des  moyens  (55)  communiquant 

5  avec  I'ouverture  arriere  (54a)  du  corps  de  bu- 
tee,  lesquels  moyens  permettant  le  raccorde- 
ment  au  choix  de  I'ouverture  arriere  avec  une 
source  de  vide  (66)  ou  une  source  de  gaz 
pressurise  (67), 

io  un  canal  d'air  (80)  forme  dans  le  corps  de 
butee  qui  s'etend  entre  le  canal  axial  (53)  et 
une  sortie  (82)  sur  la  surface  peripherique  ex- 
terieure  (59),  et 
une  soupape  a  une  voie  (81)  disposee  dans  le 

is  canal  d'air,  qui  permet  le  libre  passage  d'un 
gaz  a  partir  du  canal  axial  vers  la  sortie  mais 
qui  bloque  un  passage  en  sens  oppose. 

2.  Butee  (50)  selon  la  revendication  1,  caracteri- 
20  see  en  ce  que  le  crops  de  butee  presente  une 

partie  avant  (19),  une  partie  arriere  (93)  et  une 
partie  intermediate  (92)  qui  est  disposee  entre 
les  parties  avant  et  arriere  et  qui  consiste  en 
une  isolation  electrique  de  sorte  que  celle-ci 

25  isole  electriquement  la  partie  avant  de  la  partie 
arriere. 

3.  Butee  selon  les  revendications  1  ou  2,  caracte- 
risee  en  ce  que  la  soupape  (81)  disposee  dans 

30  le  canal  d'air  (80)  presente  un  chanfrein  (86)  a 
la  sortie,  une  bille  (85)  positionnee  dans  le 
chanfrein,  et  un  element  de  retenue  a  ressort 
(87)  qui  s'attaque  a  la  surface  peripherique 
exterieure  (59)  de  la  bille  et  maintient  celle-ci 

35  dans  le  chanfrein. 

4.  Butee  selon  la  revendication  3,  caracterisee  en 
ce  que  le  chanfrein  (86)  presente  une  partie 
(84)  s'etendant  en  s'amenuisant  vers  I'interieur, 

40  vers  le  canal  axial,  qui  forme  un  siege  de 
soupape,  la  bille  (85)  etant  dimensionnee  de 
maniere  a  ce  qu'elle  coopere  avec  le  siege  de 
soupape  s'amenuisant,  dans  le  sens  qu'elle 
bloque  le  passage  d'un  gaz  de  la  sortie  (82) 

45  dans  le  canal  axial  (53). 

5.  Butee  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  caracterisee  en  ce  que  les  moyens 
communiquant  avec  I'ouverture  arriere  du 

50  corps  de  butee  presentent  un  element  tubulai- 
re  (55)  avec  une  paroi  exterieure  (56)  et  un 
canal  interieur  (57),  qui  communiquent  avec  le 
canal  axial  (53)  du  corps  de  butee  et  qui 
presentent  au  moins  une  ouverture  (58)  s'eten- 

55  dant  radialement  a  travers  la  paroi  exterieure 
de  I'element  tubulaire  pour  communiquer  avec 
une  source  de  vide  (66)  ou  une  source  de  gaz 
pressurise  (67). 
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Butee  selon  I'une  quelconque  des  revendica- 
tions  1  a  5,  caracterisee  en  ce  que  I'ouverture 
avant  (52a)  est  formee  de  maniere  conique  de 
sorte  qu'elle  est  adaptee  pour  etre  apposee  a 
I'extremite  d'un  bouchon  de  fermeture  de  bar-  5 
re  de  combustible  (100)  formant  un  siege  etan- 
che  au  vide. 

Butee  selon  I'une  quelconque  des  revendica- 
tions  1  a  6,  caracterisee  en  ce  que  I'electrode  10 
de  soudure  presente  une  piece  de  support  (74) 
disposee  a  I'interieur  du  canal  axial,  avec  une 
extremite  avant  et  une  extremite  arriere  (74a, 
74b),  une  surface  peripherique  exterieure  (75) 
qui  repose  par  friction  a  I'interieur  du  canal  is 
axial  contre  le  corps  de  butee,  une  ouverture 
interieure  (77)  traversante,  coaxiale  par  rapport 
au  canal  axial,  et  un  corps  d'electrode  de 
soudure  (70)  s'etendant  coaxialement  a  travers 
I'ouverture  interieure  ou  il  est  maintenu  par  20 
friction  ,  dont  I'extremite  avant  (71)  est  posi- 
tionnee  dans  la  zone  de  I'ouverture  avant  du 
corps  de  butee,  I'ouverture  interieure  de  la 
piece  de  support  (78)  etant  rainuree  pour  per- 
mettre  le  passage  d'un  gaz.  25 

Butee  selon  la  revendication  7,  caracterisee  en 
ce  que  le  rainurage  presente  au  moins  une 
rainure  interieure  (78)  qui  s'etend  axialement  le 
long  de  I'ouverture  interieure,  et  que  le  canal  30 
d'air  (80)  comporte  au  moins  une  rainure  exte- 
rieure  (79)  qui  s'etend  axialement  le  long  de  la 
surface  peripherique  exterieure  (75)  de  la  pie- 
ce  de  support. 

35 
Butee  selon  la  revendication  2,  caracterisee  en 
ce  que  la  piece  de  support  (74)  est  tenue  par 
friction  moyennant  ladite  partie  intermediate  et 
la  partie  arriere  (92,  93)  dans  le  canal  axial 
(53).  40 
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