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©  Method  of  forming  a  gripper  cavity  in  a  fuel  rod  end  plug. 

CM 

©  A  method  of  forming  a  gripper  cavity  (44)  in  a 
nuclear  fuel  rod  end  plug  (42)  includes  the  basic 
steps  of  providing  an  end  plug  blank  (46)  having  an 
internal  bore  (48)  of  substantially  uniform  diameter 
that  opens  at  an  annular  outer  rim  (50)  on  the  end 
plug  blank,  cold  forming  the  end  plug  blank  to  pro- 
duce  an  intermediate  end  plug  (52)  in  which  the 
annular  outer  rim  (50)  is  transformed  into  a  conical 
outer  rim  (54)  having  a  rounded  internal  surface  (56) 
that  defines  an  inlet  opening  (58)  to  the  internal  bore 
(48)  of  a  diameter  less  than  that  of  the  internal  bore 
(48),  and  removing  an  external  layer  (60)  of  material 
from  the  intermediate  end  plug  (52)  and  an  internal 
layer  (62)  of  material  from  the  rounded  internal  sur- 
face  (56)  of  the  conical  outer  rim  (54)  to  produce  a 
finished  end  plug  having  an  internal  gripper  cavity 
(44)  composed  of  the  internal  bore  (48)  and  a  cylin- 
drical  internal  surface  (64)  defining  the  inlet  opening 
(58)  to  the  internal  bore  (48)  and  being  of  smaller 
diameter  than  the  internal  bore  (48). 
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The  present  invention  relates  generally  to  fab- 
rication  of  nuclear  fuel  rods  and,  more  particularly, 
is  concerned  with  a  method  of  forming  a  gripper 
cavity  in  a  fuel  rod  end  plug. 

In  a  typical  nuclear  reactor,  such  as  a  pressur- 
ized  water  type,  the  reactor  core  includes  a  large 
number  of  fuel  assemblies  each  of  which  is  com- 
posed  of  top  and  bottom  nozzles  with  a  plurality  of 
elongated  transversely  spaced  guide  thimbles  ex- 
tending  longitudinally  between  the  nozzles  and  a 
plurality  of  transverse  support  grids  axially  spaced 
along  and  attached  to  the  guide  thimbles.  Also, 
each  fuel  assembly  is  composed  of  a  plurality  of 
elongated  fuel  elements  or  rods  transversely 
spaced  apart  from  one  another  and  from  the  guide 
thimbles  and  supported  by  the  transverse  grids 
between  the  top  and  bottom  nozzles.  The  fuel  rods 
each  contain  fissile  material  and  are  grouped  to- 
gether  in  an  array  which  is  organized  so  as  to 
provide  a  neutron  flux  in  the  core  sufficient  to 
support  a  high  rate  of  nuclear  fission  and  thus  the 
release  of  a  large  amount  of  energy  in  the  form  of 
heat.  A  liquid  coolant  is  pumped  upwardly  through 
the  core  in  order  to  extract  some  of  the  heat 
generated  in  the  core  for  the  production  of  useful 
work. 

Each  fuel  rod  includes  nuclear  fuel  pellets  and 
the  opposite  ends  of  the  rod  are  closed  by  upper 
and  lower  end  plugs  to  hermetically  seal  the  rod.  A 
cavity  is  formed  in  the  lower  end  plug  as  part  of 
the  forming  of  the  end  plug.  Subsequently,  a 
groove  is  formed  in  the  cavity  by  a  secondary 
machining  operation.  The  groove  is  provided  in 
order  to  assist  in  assembling  of  the  fuel  assembly 
by  insertion  of  the  fuel  rods  into  the  grids  of  the 
fuel  assembly.  The  groove  in  the  cavity  enables  a 
gripping  mechanism  to  enter  the  lower  end  plug 
cavity,  expand  into  the  groove,  and  then  pull  the 
fuel  rod  at  lower  end  plug  through  the  grids  of  the 
fuel  assembly  already  attached  to  the  guide  thim- 
bles. 

Several  problems  are  associated  with  the  cur- 
rent  approach  of  machining  the  groove  in  the  cav- 
ity.  First,  attaining  the  desired  cavity  and  groove 
configuration  requires  an  excessive  amount  of  ma- 
chining  at  a  cost  higher  than  the  material  cost  of 
the  bottom  end  plug  itself.  About  one-half  of  the 
machining  cost  goes  toward  forming  the  groove  in 
the  cavity.  Second,  the  fabrication  of  the  groove  is 
currently  performed  by  an  operator  and  thus  de- 
pends  on  the  operator  doing  it  properly.  However, 
occasionally  the  groove  is  left  out  completely  due 
to  operator  oversight  which  creates  fuel  rod  loading 
problems  at  final  assembly.  Third,  sometimes  the 
gripper  mechanism  shears  out  the  material  in  the 
end  plug  due  to  high  loading  force  and  stress  on 
the  end  plug. 

Consequently,  a  need  exists  for  a  different  ap- 

proach  to  fabrication  of  the  cavity  and  groove  in  the 
bottom  end  plug  for  the  nuclear  fuel  rod  so  as  to 
avoid  the  problems  associated  with  the  current 
techniques. 

5  Accordingly,  the  present  invention  is  directed 
to  a  method  of  forming  a  gripper  cavity  in  a  nuclear 
fuel  rod  end  plug.  The  cavity  forming  method  com- 
prises  the  steps  of:  (a)  providing  an  end  plug  blank 
having  an  internal  bore  of  substantially  uniform 

io  diameter  that  opens  at  an  annular  outer  rim  on  the 
end  plug  blank;  (b)  cold  forming  the  end  plug  blank 
to  produce  an  intermediate  end  plug  in  which  the 
annular  outer  rim  is  transformed  into  a  conical 
outer  rim  having  a  rounded  internal  surface  that 

75  defines  an  inlet  opening  to  the  internal  bore  of  a 
diameter  less  than  that  of  the  internal  bore;  and  (c) 
removing  an  external  layer  of  material  from  the 
intermediate  end  plug  and  an  internal  layer  of  ma- 
terial  from  the  rounded  internal  surface  of  the  coni- 

20  cal  outer  rim  to  produce  a  finished  end  plug  having 
an  internal  gripper  cavity  composed  of  the  internal 
bore  and  a  cylindrical  internal  surface  defining  the 
inlet  opening  to  the  internal  bore  and  of  smaller 
diameter  than  the  internal  bore.  The  cold  forming 

25  includes  rotating  the  end  plug  blank  about  a  lon- 
gitudinal  axis,  and  concurrently  advancing  a  plural- 
ity  of  rollers  into  contact  with  the  annular  outer  rim 
on  the  end  plug  blank  until  the  annular  outer  rim  is 
transformed  into  the  conical  outer  rim. 

30  In  the  course  of  the  following  detailed  descrip- 
tion,  reference  will  be  made  to  the  attached  draw- 
ings  in  which: 

Fig.  1  is  a  side  elevational  view,  with  parts 
partially  sectioned  and  broken  away,  of  a  prior 

35  art  nuclear  fuel  assembly. 
Fig.  2  is  a  prior  art  lower  end  plug  fabricated  by 
the  machining  method  of  the  prior  art  and  em- 
ployed  by  the  nuclear  fuel  rods  of  the  prior  art 
fuel  assembly  of  Fig.  1  . 

40  Fig.  3  is  a  lower  end  plug  fabricated  by  a 
gripper  cavity  forming  method  of  the  present 
invention  and  which  can  be  employed  by  the 
fuel  rods  of  the  fuel  assembly  of  Fig.  1. 
Fig.  4  is  a  side  elevational  view,  partly  in  longitu- 

45  dinal  section,  of  a  end  plug  blank  formed  after 
performance  of  initial  steps  of  the  method  of  the 
present  invention. 
Fig.  5  is  a  side  elevational  view  of  a  rolling  tool 
used  in  roll  forming  step  of  the  forming  method 

50  of  the  present  invention. 
Figs.  6-8  are  side  elevational  view,  partly  in 
longitudinal  section,  of  the  end  plug  at  succes- 
sive  stages  of  completion  after  performance  of 
intermediate  and  final  steps  of  method  of  the 

55  present  invention. 
Referring  now  to  the  drawings,  and  particularly 

to  Fig.  1,  there  is  illustrated  a  prior  art  pressurized 
water  nuclear  reactor  fuel  assembly,  represented  in 
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vertically  foreshortened  form  and  being  generally 
designated  by  the  numeral  10.  The  fuel  assembly 
10  basically  includes  a  lower  end  structure  or  bot- 
tom  nozzle  12  for  supporting  the  assembly  on  a 
lower  core  plate  (not  shown)  in  the  core  region  of  a 
reactor  (not  shown),  and  a  number  of  longitudinally 
extending  guide  tubes  or  thimbles  14  which  project 
upwardly  from  the  bottom  nozzle  12.  The  assembly 
10  further  includes  a  plurality  of  transverse  grids  16 
axially  spaced  along  and  mounted  to  the  guide 
thimbles  14  and  an  organized  array  of  elongated 
fuel  rods  18  transversely  spaced  and  supported  by 
the  grids  16.  Also,  the  assembly  10  has  an  in- 
strumentation  tube  20  located  in  the  center  thereof 
and  an  upper  end  structure  or  top  nozzle  22  re- 
movably  attached  to  the  upper  ends  of  the  guide 
thimbles  14  to  form  an  integral  assembly  capable 
of  being  conventionally  handled  without  damaging 
the  assembly  parts. 

As  mentioned  above,  the  fuel  rods  18  in  the 
array  thereof  in  the  assembly  10  are  held  in 
spaced  relationship  with  one  another  by  the  grids 
16  spaced  along  the  fuel  assembly  length.  Each 
fuel  rod  18  includes  nuclear  fuel  pellets  24  and  the 
opposite  ends  of  the  rod  are  closed  by  upper  and 
lower  end  plugs  26,  28  to  hermetically  seal  the  rod. 
Commonly,  a  plenum  spring  30  is  disposed  be- 
tween  the  upper  end  plug  26  and  the  pellets  24  to 
maintain  the  pellets  in  a  tight,  stacked  relationship 
within  the  rod  18.  The  fuel  pellets  24  composed  of 
fissile  material  are  responsible  for  creating  the  re- 
active  power  of  the  nuclear  reactor.  A  liquid 
moderator/coolant  such  as  water,  or  water  contain- 
ing  boron,  is  pumped  upwardly  through  the  fuel 
assemblies  of  the  core  in  order  to  extract  heat 
generated  therein  for  the  production  of  useful  work. 

In  assembling  the  fuel  assembly  10,  it  is  con- 
ventional  practice,  first,  to  attach  the  transverse 
grids  16  to  the  longitudinally  extending  guide  thim- 
bles  14  at  predetermined  axially  spaced  locations 
therealong  to  provide  a  fuel  assembly  skeleton. 
Next,  the  fuel  rods  18  are  loaded  by  passing  them 
through  the  cells  of  the  grids  16.  Typically,  a  fuel 
rod  loader  (not  shown)  is  used  which  pulls  the  fuel 
rods  18  into  the  fuel  assembly  skeleton,  passing 
them  through  the  grid  cells.  The  loader  has  a  rod 
gripper  which  is,  first,  inserted  through  the  grid 
cells,  next,  coupled  to  the  lower  end  plug  28  of  the 
fuel  rod  18,  and,  lastly,  withdrawn  back  through  the 
grids  16,  pulling  the  attached  fuel  rod  18  into  the 
grids.  After  all  fuel  rods  18  have  been  loaded  by 
repeating  these  operations  of  the  gripper,  the  bot- 
tom  and  top  nozzles  12,  22  are  then  attached  to 
the  lower  and  upper  ends  of  the  guide  thimbles  14 
to  complete  the  fuel  assembly. 

Referring  to  Fig.  2,  there  is  illustrated  a  prior 
art  lower  end  plug  28  having  a  generally  cylindrical 
body  32  with  an  outer  tapered  nose  34,  a  generally 

cylindrical  internal  cavity  36  formed  in  the  body  32 
and  open  at  a  flat  end  surface  38  on  the  tapered 
nose  34,  and  an  annular  groove  40,  of  larger  diam- 
eter  than  the  cavity  36,  defined  in  the  cavity  36  of 

5  the  end  plug  28.  The  fuel  rod  gripper,  disclosed  in 
the  U.S.  patent  application  referred  earlier  and  the 
disclosure  of  which  is  incorporated  herein  by  refer- 
ence,  mates  with  the  end  plug  cavity  36  and 
groove  40  for  connecting  with  the  fuel  rod  18  to 

io  pull  it  through  the  transverse  grids  16. 
The  gripper  includes  a  plurality  of  fingers  hav- 

ing  forward  end  portions  with  generally  outwardly- 
projecting  arcuate  rim  portions  thereon.  The  fingers 
can  assume  a  collapsed  condition  in  which  a  rim 

is  formed  by  the  rim  portions  is  contracted  to  an 
outside  diameter  less  than  that  of  the  lower  end 
plug  cavity  36  permitting  the  fingers  at  the  rim  to 
be  inserted  into  or  withdrawn  from  the  end  plug 
cavity  36.  The  fingers  can  also  assume  an  ex- 

20  panded  condition  in  which  the  rim  formed  by  the 
rim  portions  on  the  fingers  is  expanded  to  an 
outside  diameter  greater  than  that  of  the  lower  end 
plug  cavity  36  preventing  the  fingers  at  the  rim  to 
be  inserted  into  or  withdrawn  from  the  end  plug 

25  cavity  36.  In  the  expanded  condition,  the  rim  por- 
tions  extend  outwardly  into  the  internal  circum- 
ferential  or  annular  groove  40  formed  in  the  cavity 
36  of  the  lower  end  plug.  So  expanded,  the  rod 
gripper  can  be  retracted,  or  withdrawn,  by  the  fuel 

30  rod  loader  to  pull  the  fuel  rod  18  into  the  fuel 
assembly  10. 

Heretofore,  the  internal  cavity  36  and  annular 
groove  40  have  been  formed  by  machining  the  end 
plug  28  at  high  cost  in  proportion  to  the  cost  of 

35  materials  and  other  fabrication  operations.  Further, 
the  machining  of  the  groove  40  is  carried  out  as  a 
secondary  operation  performed  subsequent  to  fab- 
rication  of  the  external  configuration  of  the  end  plug 
28  and  the  internal  cavity  36.  In  addition  to  high 

40  cost,  occasionally  through  oversight,  the  operator 
would  fail  to  machine  the  internal  groove  40  at  all, 
causing  subsequent  disruption  of  the  assembling  of 
the  fuel  rod  18  through  the  grids  16  due  to  the 
absence  of  a  way  for  the  fuel  rod  gripper  to  grip 

45  the  fuel  rod  18. 
Referring  to  Figs.  3  and  8,  there  is  illustrated  a 

lower  end  plug  42  having  an  internal  gripper  cavity 
44  fabricated  by  the  cavity  forming  method  of  the 
present  invention.  The  gripper  cavity  forming  meth- 

50  od  of  the  present  invention  substantially  overcomes 
the  problems  associated  with  the  prior  art  approach 
of  separately  machining  the  gripper  cavity  36  and 
groove  40.  Basically,  the  gripper  cavity  forming 
method  of  the  present  invention  includes  the  basic 

55  steps  of,  initially,  providing  an  end  plug  blank  46, 
as  shown  in  Fig.  4,  having  an  internal  bore  48  of 
substantially  uniform  diameter  that  opens  at  an 
annular  outer  rim  50  on  the  end  plug  blank  46, 

3 
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next,  cold  forming  the  end  plug  blank  46,  as  shown 
in  Fig.  5,  to  produce  an  intermediate  end  plug  52, 
as  shown  in  Fig.  6,  in  which  the  annular  outer  rim 
50  is  transformed  into  a  conical  outer  rim  54  having 
a  rounded  internal  surface  56  that  defines  an  inlet 
opening  58  to  the  internal  bore  48  of  a  diameter 
less  than  that  of  the  internal  bore  48,  and,  then 
finally,  removing  an  external  layer  60  of  material 
from  the  intermediate  end  plug  52  and  an  internal 
layer  62  of  material  from  the  rounded  internal  sur- 
face  56  of  the  conical  outer  rim  50  to  produce  a 
finished  end  plug  42  having  the  internal  gripper 
cavity  44,  as  seen  in  Figs.  3  and  8,  composed  of 
the  internal  bore  48  and  a  cylindrical  internal  sur- 
face  64  which  defines  the  inlet  opening  58  to  the 
internal  bore  48  and  is  of  smaller  diameter  than  the 
internal  bore. 

Referring  to  Figs.  4-8,  there  is  illustrated  the 
successive  stages  of  completion  of  the  end  plug  42 
of  Fig.  3  by  performance  of  the  steps  of  forming 
the  gripper  cavity  44  in  the  end  plug  42.  The  initial 
steps  of  the  gripper  cavity  forming  method  of  the 
present  invention  result  in  the  formation  of  an  end 
plug  blank  46  with  the  internal  bore  48,  as  seen  in 
Fig.  4.  More  particularly,  the  end  plug  blank  46  is 
formed  by  mounting  a  solid  bar  66  of  material  on  a 
conventional  rotatable  spindle  (not  shown)  and  ma- 
chining  the  end  of  the  bar  66  using  a  conventional 
cutting  tool  (not  shown)  to  provide  the  profile  of  the 
exterior  of  the  end  plug  blank  46  shown  in  Fig.  4. 
Then,  the  internal  bore  48  having  the  constant 
uniform  diameter  is  drilled  into  the  end  surface  66A 
of  the  solid  bar  66  by  using  a  conventional  rotary 
drill  bit  (not  shown).  By  way  of  example,  the  diam- 
eter  of  the  internal  bore  48  can  be  4,2  mm. 

The  end  plug  blank  46  so  produced  has  a 
longitudinal  axis  46A  and  is  composed  of  an  inner 
portion  70  connected  to  the  remainder  of  the  solid 
bar  66,  an  outer  portion  72,  and  a  middle  portion 
74  interconnecting  the  inner  and  outer  portions  70, 
72.  The  inner  portion  70  has  a  cylindrical  external 
surface  70A  of  a  first  diameter.  The  outer  portion 
72  has  a  cylindrical  external  surface  72A  of  a 
second  diameter  being  less  than  the  first  diameter 
of  the  inner  portion  70.  As  an  example,  the  second 
diameter  can  be  6,25  mm  and  the  first  diameter  9,4 
mm.  The  middle  portion  74  has  a  conical  external 
surface  74A  which  extends  between  and  intercon- 
nects  the  external  surfaces  70A,  72A  of  the  inner 
and  outer  portions  70,  72.  As  an  example,  the 
included  angle  between  the  conical  external  sur- 
face  74A  and  the  longitudinal  axis  46A  can  be  37°. 
Also,  the  inner,  middle  and  outer  portions  70,  74, 
72  extend  along  and  symmetrically  about  the  lon- 
gitudinal  axis  46A  of  the  end  plug  blank  46. 

The  internal  bore  48  formed  by  drilling  the  end 
plug  blank  46  is  open  at  the  end  surface  66A  and 
extends  through  the  outer  and  middle  portions  72, 

74  thereof  and  into  the  inner  portion  70  thereof  so 
as  to  define  a  continuous  internal  cylindrical  bore 
surface  76.  The  internal  cylindrical  bore  surface  76 
has  the  aforementioned  constant  uniform  diameter 

5  and  extends  along  and  concentrically  about  the 
longitudinal  axis  46A  of  the  end  plug  blank  46.  The 
internal  bore  surface  76  is  also  concentric  with  the 
cylindrical  external  surfaces  70A,  72A  of  the  inner 
and  outer  portions  70,  72  of  the  end  plug  blank  46 

io  and  form  with  the  outer  portion  the  annular  cylin- 
drical  outer  rim  50  on  the  end  plug  blank  46. 

Referring  to  Figs.  5  and  6,  there  is  illustrated 
the  intermediate  cold  forming  step  of  the  cavity 
forming  method  and  the  intermediate  stage  of  com- 

15  pletion  of  the  end  plug  42.  A  rolling  tool  78  is 
provided  for  performing  cold  forming,  or  rotary 
forging,  of  the  end  plug  blank  46  to  produce  the 
intermediate  end  plug  52  shown  in  Fig.  6.  The  cold 
forming  step  transforms  the  annular  cylindrical  out- 

20  er  rim  50  of  the  end  plug  blank  46  having  the 
cylindrical  external  and  internal  surfaces  72A,  76 
into  the  conical  outer  rim  54  having  the  rounded 
internal  surface  56  and  a  conical  external  surface 
54A.  The  rounded  internal  surface  56  now  defines 

25  the  inlet  opening  58  to  the  internal  bore  48  which 
has  a  smaller  diameter  than  the  internal  bore.  As 
an  example,  the  inlet  opening  58  can  typically 
range  from  2,8  -  3,05  mm  compared  to  4,2  mm  for 
the  diameter  of  the  internal  bore  48.  The  conical 

30  external  surface  54A  of  the  conical  outer  rim  54 
provides  an  extension  of  the  conical  external  sur- 
face  74A  of  the  middle  portion  74  of  the  end  plug 
blank  46. 

The  rolling  tool  78  includes  a  tool  mounting 
35  shank  80  having  a  head  end  82  and  a  plurality  of 

hardened  metal,  such  as  steel,  rollers  84  rotatably 
mounted  by  axles  86  on  the  head  end  82.  Although 
only  two  rollers  84  are  shown,  typically  three  rollers 
would  be  provided,  oriented  at  an  included  three- 

40  dimensional  angle  equal  to  the  angle  made  by  the 
conical  external  surface  74A  with  the  longitudinal 
axis  46A  of  the  end  plug  blank  46,  which  in  the 
example  given  above  is  37°.  Thus,  the  cold  forming 
step  is  performed  by  concurrently  rotating  the  end 

45  plug  blank  46  about  its  longitudinal  axis  46A 
through  rotation  of  the  machine  spindle  and  advan- 
cing  the  rollers  84  along  the  longitudinal  axis  46A 
into  contact  with  the  annular  outer  rim  50  on  the 
end  plug  blank  46  until  the  annular  outer  rim  50  is 

50  transformed,  or  reformed,  into  the  configuration  of 
the  conical  outer  rim  54,  which  occurs  when  the 
rollers  become  seated  against  the  conical  external 
surface  74A.  The  rotation  of  the  end  plug  blank  46 
engaged  with  the  rollers  84  drives  the  rotation  of 

55  the  rollers. 
Referring  to  Figs.  7  and  8,  there  is  illustrated 

the  final  machining  step  of  the  cavity  forming  meth- 
od  and  the  final  stage  of  completion  of  the  end 

4 
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plug  42.  The  machining  is  performed  by  a  conven- 
tional  cutting  tool  (not  shown).  The  intermediate 
end  plug  52  is  transformed  to  produce  the  finished 
end  plug  42  by  removing  the  external  layer  60  of 
material  (that  being  between  the  dashed  surface  88 
and  the  external  surfaces  70A,  74A,  54A)  from  the 
intermediate  end  plug  52  and  the  internal  layer  62 
of  material  (that  being  between  the  dashed  surface 
90  and  the  rounded  internal  surface  56)  from  the 
rounded  internal  surface  56  of  the  conical  outer  rim 
54.  The  finish  machining  removes  impurities  em- 
bedded  in  the  external  surfaces  of  the  intermediate 
end  plug  52  as  a  result  of  the  rolling  contact  with 
the  rollers  84. 

The  finished  end  plug  42  now  includes  the 
internal  gripper  cavity  44  composed  of  the  internal 
bore  48  and  the  continuous  cylindrical  internal  sur- 
face  64  which  define  the  inlet  opening  58  to  the 
internal  bore  48.  The  surface  64  of  the  inlet  open- 
ing  58  is  of  a  smaller  diameter  than  the  internal 
bore  48  which  enables  the  gripping  mechanism  to 
grip  the  end  plug  42  and  pull  the  fuel  rod  18 
through  the  grids  16.  The  finished  end  plug  42  is 
severed  from  the  bar  66  by  a  conventional  cutting 
tool  92,  as  seen  in  phantom  outline  in  Fig.  8. 

Claims 

1.  A  method  of  forming  a  gripper  cavity  (44)  in  a 
nuclear  fuel  rod  end  plug  (42),  comprising  the 
steps  of: 

(a)  providing  an  end  plug  blank  (46)  having 
an  internal  bore  (48)  of  substantially  uniform 
diameter  that  opens  at  an  annular  outer  rim 
(50)  on  said  end  plug  blank  (46); 
(b)  cold  forming  said  end  plug  blank  (46)  to 
produce  an  intermediate  end  plug  (52)  in 
which  said  annular  outer  rim  (50)  is  trans- 
formed  into  a  conical  outer  rim  (54)  having 
a  rounded  internal  surface  (56)  that  defines 
an  inlet  opening  (58)  to  said  internal  bore 
(48)  of  a  diameter  less  than  that  of  said 
internal  bore  (48);  and 
(c)  removing  an  external  layer  (60)  of  ma- 
terial  from  said  intermediate  end  plug  (52) 
and  an  internal  layer  (62)  of  material  from 
said  rounded  internal  surface  (56)  of  said 
conical  outer  rim  (54)  to  produce  a  finished 
end  plug  (42)  having  an  internal  gripper 
cavity  (44)  composed  of  said  internal  bore 
(48)  and  a  cylindrical  internal  surface  (64) 
defining  said  inlet  opening  (58)  to  said  inter- 
nal  bore  (48)  and  being  of  smaller  diameter 
than  said  internal  bore  (48). 

2.  The  method  as  recited  in  Claim  1  wherein  said 
end  plug  blank  (46)  has  a  longitudinal  axis 
(46a)  and  is  composed  of  an  inner  portion  (70) 

having  an  external  surface  (70A),  an  outer  por- 
tion  (72)  having  an  external  surface  (72A)  of  a 
diameter  less  than  that  of  said  external  surface 
(70A)  of  said  inner  portion  (70),  and  a  middle 

5  portion  (74)  having  a  conical  external  surface 
(74A)  extending  between  and  interconnecting 
said  external  surfaces  (70A,  72A)  of  said  inner 
and  outer  portions  (70,  72). 

io  3.  The  method  as  recited  in  Claim  2  wherein  said 
internal  bore  (48)  opens  at  said  outer  portion 
(72)  and  extends  through  said  outer  and  mid- 
dle  portions  /72,  74)  and  at  least  partially  into 
said  inner  portion  (70)  so  as  to  define  said 

is  annular  outer  rim  (50)  at  said  outer  portion 
(72). 

4.  The  method  as  recited  in  Claim  2  or  3  wherein 
said  intermediate  end  plug  (52)  produced  by 

20  said  cold  forming  has  a  conical  external  surfac 
(54A)  that  is  an  extension  of  said  conical  exter- 
nal  surface  (74A)  of  said  middle  portion  (74)  of 
said  end  plug  blank  (46). 

25  5.  The  method  as  recited  in  any  of  Claims  1  to  4 
wherein  said  providing  an  end  plug  blank  (46) 
includes  machining  a  solid  bar  (66)  of  material 
to  produce  said  end  plug  blank  (46). 

30  6.  The  method  as  recited  in  Claim  5  wherein  said 
machining  includes  drilling  said  solid  bar  (66) 
of  material  to  produce  said  internal  bore  (48)  of 
uniform  diameter  in  said  end  plug  blank  (46). 

35  7.  The  method  as  recited  in  any  of  Claims  1  to  6 
wherein  said  cold  forming  includes  rotating 
said  end  plug  blank  (46)  about  a  longitudinal 
axis  (46A)  and  advancing  a  plurality  of  rollers 
(84)  into  contact  with  said  annular  outer  rim 

40  (50)  on  said  end  plug  blank  (46)  until  said 
annular  outer  rim  (50)  is  transformed  into  said 
conical  outer  rim  (54). 

45 
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