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Gage  and  method  for  determining  bulge  orientation  at  a  bulge  joint  between  a  grid  sleeve  and  a 
guide  thimble  of  a  nuclear  fuel  assembly. 

©  The  gage  (54)  comprises  a  resiliency  expand- 
able  tubular  member  (56)  which  is  insertable  into  a 
guide  thimble  and  has  thereon  outwardly  projecting 
embossments  (62)  fitting  into  the  concavities  defined 
on  the  inside  of  the  bulges  on  the  guide  thimble;  an 
expansion  member  (58)  rotatably  supporting  the  tu- 
bular  member  (56)  and  axially  movable  therein  to 
effect  resilient  expansion  thereof;  and  an  indicator 
mechanism  (60)  for  indicating  the  degree  and  direc- 
tion  of  rotation  of  the  tubular  member  from  a  refer- 
ence  position. 

3  
^   The  method  of  using  the  gage  involves  inserting 
Qthe  tubular  member  (56)  into  the  guide  thimble  to  an 
O  extent  aligning  the  embossments  with  the  joint  to  be 
<©  inspected;  applying  to  the  expansion  member  (58)  a 
(^  force  urging  it  to  expand  the  tubular  member  while, 
Nat   the  same  time,  rotating  the  latter  until  rotation 
^thereof  is  arrested  due  to  engagement  of  the  embos- 
©sments  (62)  in  said  concavities;  and  taking  a  reading 
^from  the  indicator  mechanism  (60)  to  determine  the 
Ijj  orientation  of  the  mated  bulges  at  the  inspected 

joint. 
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GAGE  AND  METHOD  FOR  DETERMINING  BULGE  ORIENTATION  AT  A  BULGE  JOINT  BETWEEN  A  GRID 
SLEEVE  AND  A  GUIDE  THIMBLE  OF  A  NUCLEAR  FUEL  ASSEMBLY 

The  present  invention  relates  generally  to  fuel 
assemblies  for  use  in  nuclear  reactors  and,  more 
particularly,  to  a  gage  and  a  method  for  determin- 
ing  the  orientation  of  bulges  connecting  grid 
sleeves  with  guide  thimbles  in  fuel  assemblies. 

A  typical  pressurized  water  nuclear  reactor 
contains  a  large  number  of  fuel  assemblies  in  its 
core.  Basically,  each  fuel  assembly  comprises  a 
bottom  nozzle,  a  top  nozzle,  an  instrumentation 
tube,  guide  thimbles,  fuel  rods,  and  grids.  The 
guide  thimbles  extend  vertically  between  the  bot- 
tom  and  top  nozzles  and  rigidly  connect  them  to 
each  other.  The  grids  are  attached  to  the  guide 
thimbles  in  axially.  spaced  positions  therealong 
such  that  a  multiplicity  of  cells  defined  by  inter- 
leaved  straps  of  the  respective  grids  are  vertically 
aligned  with  one  another.  The  fuel  rods  are  sup- 
ported,  in  an  organized  and  transversely  spaced 
array,  in  the  vertically  aligned  cells  of  the  trans- 
verse  grids  by  means  of  springs  and  dimples  dis- 
posed  on  the  straps  and  projecting  therefrom  into 
the  cells. 

The  grids  have  short  sleeves  which  extend 
above  and  below  the  interleaved  straps  for  receiv- 
ing  therethrough  the  guide  thimbles  and  providing 
means  for  attaching  the  grids  thereto.  Typically, 
concentric  portions  of  the  guide  thimbles  and  grid 
sleeves  are  deformed  or  bulged  together,  such  as 
by  plastic  expansion,  to  form  therebetween  me- 
chanical  expansion  joints  above  and  below  the  re- 
spective  grids.  In  assembling  the  fuel  assembly, 
the  grids  are  attached  to  the  guide  thimbles,  begin- 
ning  near  the  lower  ends  of  the  latter  and  proceed- 
ing  toward  the  upper  ends  thereof.  When  subse- 
quently  the  fuel  rods  are  loaded  through  the  grids, 
each  guide  thimble  is  surrounded  by  four  fuel  rods. 
Since  the  guide  thimbles  are  typically  larger  in 
diameter  than  the  fuel  rods,  the  space  between 
each  guide  thimble  and  the  fuel  rods  adjacent 
thereto  is  less  than  that  between  adjacent  fuel  rods. 
Due  to  this  narrower  space  between  each  guide 
thimble  and  the  adjacent  fuel  rods,  there  is  also 
less  coolant  flowing  along  those  sides  of  the  fuel 
rods  which  are  facing  the  guide  thimble  and,  there- 
fore,  less  heat  transfer  from  the  fuel  rods  to  the 
flowing  coolant.  This  condition  is  termed  a  hot 
channel  factor  which  creates  a  departure  from  nu- 
cleate  boiling  (DNB)  condition. 

When  joining  the  coaxially  interfit  grid  sleeves 
and  guide  thimble  together  by  forming  external 
bulges  thereon,  it  is  important  not  to  aggravate  this 
DNB  condition  by  further  reducing  the  gap  between 
the  fuei  rods  and  the  guide  thimble.  Thus,  it  is 
most  desirable  to  form  each  set  of  four  bulges  at 

45-,  135-,  225-  and  315-degree  positions 
(hereinafter  referred  to  as  45-degree  reference 
points)  about  the  guide  thimble  relative  to  place- 
ment  of  the  fuel  rods  at  0-,  90-,  180-  and  270- 

5  degree  positions  (hereinafter  referred  to  as  X-Y 
axes  reference  points)  about  the  guide  thimble. 
Accepted  standards  allow  a  maximum  deviation 
from  the  45-degree  reference  points  of  +/-  11 
degrees  at  one  bulge  location,  and  +/-  6  degrees 

70  at  the  rest  of  the  bulge  locations. 
The  conventional  process  used  to  produce  the 

expansion  joints  at  each  grid  location  involves  for- 
ming  each  set  of  bulges  at  the  same  orientation 
from  one  grid  to  the  next,  so  that  quality-control 

75  personnel  need  to  inspect  only  the  expansion  joints 
at  the  uppermost  grid  to  determine  whether  the 
sets  of  bulges  are  located  within  the  allowed  range 
of  deviation  from  the  desired  45-degree  reference 
points.  Heretofore,  such  inspection  for  verifying  ex- 

20  pansion  joint  orientation-  has  been  performed 
through  the  application  of  visual  standards,  one 
major  drawback  of  which  method  is  that  it  is  too 
dependent  upon  the  subjective  judgment  of  the 
personnel  carrying  it  out. 

25  The  invention  has  for  its  principal  object  to 
provide  a  new  approach  to  bulge-orientation  deter- 
mination,  one  which  will  yield  more  objective  and 
positive  results  with  minimal  reliance  upon  the  skill 
of  the  particular  inspector. 

30  The  invention,  from  one  aspect  thereof,  accord- 
ingly  resides  in  a  gage  for  inspecting  a  nuclear  fuel 
assembly  to  determine  the  actual  orientation  of  a 
plurality  of  outwardly  projecting  bulges  formed  on, 
and  mated  to  form  a  joint  between,  a  hollow  grid 

35  sleeve  and  a  tubular  guide  thimble  extending  there- 
through,  characterized  by  the  combination  compris- 
ing  (a)  a  tubular  member  which  is  insertable  into 
the  guide  thimble  and  has  a  resiliency  expandable 
portion  with  outwardly  projecting  embossments  dis- 

40  posed  thereon  and  spaced  from  each  other  circum- 
ferentially  thereabout,  said  embossments  being 
spaced  apart  the  same  as  the  bulges  on  said  guide 
thimble  and  having  a  configuration  enabling  en- 
gagement  thereof  into  concavities  defined  by  the 

45  bulges  of  the  guide  thimble  on  the  inside  thereof; 
(b)  an  elongate  expansion  member  extending 
through  said  tubular  member  and  axially  movable 
relative  thereto  between  a  first  position  and  a  sec- 
ond  position,  said  expansion  member,  upon  move- 

so  ment  thereof  from  said  first  position  to  said  second 
position,  effecting  resilient  expansion  of  said  ex- 
pandable  portion  of  the  tubular  member  and  con- 
sequential  displacement  of  said  embossments  to- 
ward  engagement  with  said  concavities,  and,  upon 
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movement  from  said  second  position  to  said  first 
position,  enabling  contraction  of  saicf  expandable 
portion  and  consequential  displacement  of  the  em- 
bossments  away  from  said  concavities;  (c).  means, 
for  rotating  said  tubular  member  about  its  longitudi- 
nal  axis  so  as  to  align  the  embossments  thereon 
with  said  concavities  for  engagement  therewith, 
said  embossments,  when  engaged  in  said  concav- 
ities,  preventing  further  rotation  of  the  tubular  mem- 
ber;  and  (d)  an  indicator  mechanism  responsive  to 
rotation  of  said  tubular  member  for  indicating  the 
extent  and  direction  of  said  rotation  away  from  a 
reference  position,  and  thereby  indicating  the  ac- 
tual  orientation  of  the  mated  bulges. 

Preferably,  the  resiliency  expandable  portion  of 
the  tubular  member  comprises  resiliency  deflec- 
table  fingers  each  having  one  of  the  embossments 
disposed  thereon;  and  the  expansion  member  com- 
prises  an  elongate  shaft  which  extends  through  the 
tubular  member  and  rotatably  supports  it,  and 
which  shaft  has  a  tapered  expansion  mandrel  ex- 
tending  from  one  end  thereof,  and  has  a  handle  or 
finger  piece  extending  from  its  opposite  end. 

The  indicator  mechanism  preferably  comprises 
an  indicator  base  which  is  connected  to  the  tubular 
member  for  rotation  together  therewith,  and  an 
elongate  pointer  element  which  is  pivotally  sup- 
ported  from  the  indicator  base  in  a  manner  such  as 
to  function  in  plumb-bob  fashion  to  define  the 
aforesaid  reference  position  when  the  indicator 
base  is  in  a  substantially  upright  disposition,  the 
indicator  base  including  a  scale  for  indicating,  in 
conjunction  with  the  pointer  element,  the  extent 
and  direction  of  angular  deviation  of  the  indicator 
base  from  said  reference  position  due  to  rotational 
movement  thereof  together  with  the  tubular  mem- 
ber. 

The  invention,  from  another  aspect  thereof,  re- 
sides  in  a  method  of  utilizing  the  aforesaid  gage  for 
inspecting  a  nuclear  fuel  assembly  to  determine 
the  actual  orientation  of  a  plurality  of  outwardly 
projecting  bulges  formed  on,  and  mated  to  form  a 
joint  between,  a  hollow  grid  sleeve  and  a  tubular 
guide  thimble  therethrough,  characterized  by  the 
following  steps  sequentially  performed:  (a)  inserting 
said  tubular  member,  with  the  expansion  member 
therein  disposed  in  said  first  position,  into  said 
guide  thimble  to  an  extent  placing  said  emboss- 
ments  into  alignment  with  said  joint;  (b)  urging  said 
elongate  expansion  member  toward  said  second 
position  while,  simultaneously  therewith,  rotating 
the  tubular  member  until  said  embossments  en- 
gage  in  the  concavities  defined  by  the  bulges  of 
the  guide  thimble  on  the  inside  thereof;  and  (c) 
taking  from  said  indicator  mechanism  a  reading  to 
determine  the  orientation  of  the  mated  bulges. 

A  preferred  embodiment  of  the  invention  will 
now  be  described,  by  way  of  example  only,  with 

reference  to  the  accompanying  drawings,  in  which: 
Fig.  1  is  an  elevational  view,  partly  in  sec- 

tion,  of  a  fuel  assembly  having  expansion  or  bulge 
joints  between  its  guide  thimbles  and  grid  sleeves, 

5  the  orientation  of  which  can  be  inspected  by 
means  of  the  gage  and  method  embodying  the 
invention; 

Fig.  2  is  a  schematical  perspective  view  of  a 
fuel  assembly  fabrication  apparatus; 

10  Fig.  3  is  a  side  elevational  view  of  the  gage 
embodying  the  invention;  • 

Fig.  4  is  an  end  elevational  view  of  the  gage 
as  seen  along  line  4-4  of  Fig.  3;  . 

Fig.  5  is  an  enlarged  and  elevational  view, 
75  partly  in  section,  of  the  gage  as  seen  along  line  5-5 

of  Fig.  3; 
Fig.  6  is  a  sectional  view  of  the  gage  taken 

along  line  6-6  of  Fig.  5; 
Fig.  7  is  an  enlarged  plan  view,  partly  in 

20  section,  of  one  of  the  upper  grids  of  the  fuel 
assembly,  as  seen  along  line  7-7  of  Fig.  2; 

Fig.  8  is  an  enlarged  fragmentary  plan  view 
of  the  grid  of  Fig.  7,  illustrating  an  expansion  or 
bulge  joint  between  one  of  the  grid  sleeves  and  the 

25  guide  thimble  extending  therethrough; 
Fig.  9  is  a  fragmentary  side  elevational  view, 

partly  in  section,  of  the  grid  portion  illustrated  in 
Fig.  8,  which  shows  the  expansion  joints  formed 
between  the  grid  sleeve  and  the  guide  thimble  at 

30  locations  above  and  below  the  grid;  and 
Fig.  10  is  a  view  similar  to  Fig.  9  and  show- 

ing  a  forward  end  portion  of  the  gage  inserted  into 
the  guide  thimble. 

35  In  the  following  description,  like  reference  char- 
acters  designate  like  or  corresponding  parts 
throughout  the  several  views  of  the  drawings,  and 
terms  such  as  "forward",  "rearward",  "left",  "right", 
"upwardly",  "downwardly",  and  the  like  are  used 

40  as  words  of  convenience  not  to  be  construed  as 
limiting  terms. 

Referring  now  to  the  drawings,  and  particularly 
to  Fig.  1,  thereof,  the  fuel  assembly,  illustrated 
therein  in  vertically  foreshortened  form  and  gen- 

45  erally  designated  with  reference  numeral  10  is  the 
type  used  in  pressurized  water  reactors  (PWR)  and 
includes  a  lower  end  structure  or  bottom  nozzle  12 
for  supporting  the  fuel  assembly  on  the  lower  core 
plate  (not  shown)  in  the  core  region  of  a  reactor 

so  (not  shown),  control-rod  guide  tubes  or  thimbles  14 
projecting  upwar,d  from  the  bottom  nozzle  12, 
transverse  fuel-rod  spacer  grids  16  axially  spaced 
along  the  guide  thimbles  14  and  attached  thereto, 
an  organized  array  of  elongate  fuel  rods  18  trans- 

55  versely  spaced  and  supported  by  the  grids  16,  an 
instrumentation  tube  20  located  in  the  center  of  the 
fuel  assembly,  and  an  upper  end  structure  or  top 
nozzle  22  attached  to  the  upper  ends  of  the  guide 
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and  the  respective  remaining  grids  16B  of  the  fuel 
assembly  10.  The  clamp  structures  48A  and  48B 
are  adapted  to  support  the  respective  nozzles  and 
grids  in  parallel  relationship  with  respect  to  each 

5  other  and  such  that  passageways  52  defined  in  the 
bottom  and  top  nozzles  12,22  and  the  grid  sleeves 
28  are  axially  aligned  so  as  to  permit  the  respec- 
tive  guide  thimbles  14  and  the  instrumentation  tube 
20  to  be  slidably  inserted  therethrough  and  at- 

w  tached  to  the  nozzles  12,22  and  the  grid  sleeves 
28. 

When  using  the  apparatus  42  to  fabricate  a  fuel 
assembly,  such  as  the  fuel  assembly  10,  the  lat- 
ter's  bottom  nozzle  12  and  grids  16B,  except  the 

75  uppermost  one  16A,  are  first  installed  in  the  re- 
spective  clamp  structures  48B  so  that  the  passage- 
ways  52  of  the  bottom  nozzle  12  and  the  sleeves 
28  of  the  grids  16B  are  in  axial  alignment  with  each 
other.  Next,  the  guide  thimbles  16  and  the  in- 

20  strumentation  tube  20  are  inserted  through  the  re- 
spective  passageways  52  and  sleeves  28,  where- 
upon  the  top  nozzle  22  and  uppermost  grid  16A 
are  installed  in  the  clamp  structure  48A  in  the 
desired  parallel  spaced  relationship  with  respect  to 

25  one  another,  with  the  passageways  52  of  the  top 
nozzle  22  axially  aligned  with  the  sleeves  28  (not 
shown  in  Fig.  2)  of  the  uppermost  grid  16A,  and 
with  the  guide  thimbles  14  and  instrumentation 
tube  20  extending  through  the  sleeves  of  the  up- 

30  permost  grid  16A.  Short  extension  sleeves  (not 
shown)  are  then  inserted  into  the  passageways  52 
of  the  top  nozzle  22  so  as  to  extend  therethrough 
and  into  overlapping  relationship  with  upper  end 
portions  of  the  guide  thimbles  16.  After  all  of  the 

35  components  have  been  thus  installed,  all  of  the 
clamp  structures  48A  and  48B  are  tightened. 

Thereafter,  the  guide  thimbles  14  and  the  in- 
strumentation  tube  20  are  attached  first  to  the 
bottom  nozzle  1  2  by  means  of  conventional  thread- 

40  ed  fasteners  (not  shown),  and  then  to  the  sleeves 
28  of  the  grids  16  by  means  of  a  suitable  internal 
bulging  tool  (not  shown).  It  should  be  noted  that,  in 
some  fuel  assemblies,  the  lowermost  grid  16B  is 
not  actually  attached  to  the  guide  thimbles  14  but 

45  rests  upon  spacer  sleeves  (not  shown)  surrounding 
portions  of  the  guide  thimbles  directly  above  the 
bottom  nozzle  12.  Moreover,  and  although  Fig.  9 
shows  two  mechanical  expansion  joints  34,  one 
formed  above  and  the  other  below  the  grid  16, 

so  there  may  be  instances  where  there  is  only  one 
such  joint  34  formed  either  above  or  below  the  grid 
16. 

thimbles  14. 
Each  grid  16  is  composed  of  straps  26  (Fig.  7) 

interleaved  such  as  to  define  open  cells  24,  the 
various  ceils  24  of  the  axially  spaced  grids  16 
being  axiaiiy  aligned  with  each  other  and  adapted 
to  receive  the  array  of  fuel  rods  18  and  guide 
thimbles  14.  Each  grid  16  also  has  short  sleeves 
28  disposed  in  the  cells  24  for  the  guide  thimbles 
14,  each  of  the  sleeves  28  extending  through  the 
associated  grid  cell  24  and  projecting  from  both 
sides  of  the  grid.  The  short  sleeves  28  are  affixed 
to  the  grid  16,  such  as  being  welded  to  adjacent 
portions  of  the  strap  26,  and  the  guide  thimbles  14 
are  attached  to  the  respective  sleeves  28,  each  by 
having  concentric  portions  of  the  guide  thimble  14 
and  grid  sleeve  28  deformed  or  bulged  out,  such 
as  by  plastic  expansion,  to  form  therebetween  me- 
chanical  expansion  joints  34  above  and  below  the 
grid  16,  as  seen  from  Figs.  8  and  9  which  show 
each  such  expansion  joint  34  as  formed  by  a  pair 
of  outwardly  projecting  mated  bulges  36,  38 
formed  on  the  concentric  portions  of  the  guide 
thimble  14  and  the  grid  sleeve  28,  respectively.  By 
reason  of  thermal/hydraulic  considerations,  the  two 
mated  sets  of  four  bulges  36,  38  per  expansion 
joint  34  are.  as  shown  in  Fig.  8,  optimally  produced 
at  45-:  135-.  225-,  and  315-degree  positions,  or  at 
the  45-degree  reference  points,  adjacent  to  and 
facing  toward  the  corners  40  of  the  grid  cell  24, 
and  angular  displaced  about  the  guide  thimble  14 
and  grid  sleeve  28  relative  to  placement  of  the  fuel 
rods  18  at  0-,  90-,  180-  and  270-degree  positions, 
or  at  the  X-Y  axes  reference  points  about  the  guide 
thimble  14. 

Fuel  Assembly  Fabrication  Apparatus 

Referring  now  to  Fig.  2,  there  is  shown  a  fuel 
assembly  fabrication  apparatus  of  the  kind  de- 
scribed  in  detail  in  U.S.  patent  specification  No. 
4,760.637  issued  August  2,  1988.  This  apparatus, 
generally  designated  with  numeral  42  herein,  com- 
prises  basically  an  longate  stationary  support  fix- 
ture  44.  a  slide  fixture  46,  and  a  plurality  of  clamp 
structures  48.  The  slide  fixture  46  is  mounted  on 
an  end  portion  of  the  support  fixture  44  for  re- 
ciprocatory  sliding  movement  therealong.  The 
cfamp  structures  48  are  disposed  in  spaced  rela- 
tionship  with  respect  to  one  another  along  the 
stationary  support  fixture  44,  one  (48B)  of  them 
being  mounted  on  the  movable  slide  fixture  46  and 
adapted  to  support  the  top  nozzle  22  and  the 
uppermost  grid  16A  of  the  fuel  assembly  10  at  a 
preset  distance  from  one  another,  and  the  remain- 
ing  ciamp  structures  48B  being  mounted  on  the 
upper  surface  50  of  the  stationary  support  fixture 
44  and  adapted  to  support  the  bottom  nozzle  12 

55  Orientation  Inspection  Gage  and  Method 

As  mentioned  initially  herein,  the  conventional 
manner  of  providing  the  bulges  36,  38  of  the  exten- 
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fingers  64  to  an  extent  placing  the  embossments 
62  thereon  at  radii  insufficient  for  the  embossments 
62  to  mate  with  the  concavities  on  the  inside  of  the 
respective  guide-thimble  bulges  36.  Movement  of 

5  the  expansion  member  58  from  the  first  position 
thereof  to  its  second  position  (Fig.  10)  will  cause 
the  mandral  74.to  be  drawn  partially  into  the  tubu- 
lar  member  56,  thereby  forcing  the  end  portions  70 
of  the  fingers  64  thereof  to  resiliency  undergo 

io-  radial  expansion  so  as  to  place  the  embossments 
62  thereon  at  radii  sufficient  for  them  to  mate  with, 
i.e.  to  engage  in,  the  inside  concavities  of  the 
respective  guide-thimble  bulges  36. 

A  handle  78  is  provided  for  rotating  the  tubular 
75  member  56  relative  to  the  expansion  member  58 

so  as  to  bring  the  embossments  62  on  the  forward 
end  portions  70  of  its  fingers  64  into  alignment  with 
the  inside  concavities  of  the  guide-thimble  bulges 
36  while  at  the  same  time,  enough  pull  is  exerted 

20  on  the  handle  76  of  the  expansion  member  58  to 
urge  the  resilient  fingers  64  together  with  the  em- 
bossment  thereon  radially  outward. 

The  indicator  mechanism  60  of  the  gage  54 
comprises  an  elongate  indicator  base  80  which  has 

25  an  end  portion  82  thereof  secured  to  a  rear  end 
portion  84  of  the  tubular  member  56  and  extends 
from  the  latter  radially  outward,  the  handle  78  be- 
ing  attached  to  the  indicator  base  80  at  the  outer 
end  thereof. 

30  As  seen  best  from  Figs.  5  and  6,  the  indicator 
mechanism  60  includes  further  a  needle-like  point- 
er  element  88  pivotally  supported  from  a  portion  of 
the  indicator  base  80  adjacent  the  outer  or  distal 
end  86  thereof  by  means  of  a  low-friction  bearing 

35  90  enabling  the  pointer  element  88  to  pivot  freely, 
in  the  fashion  of  a  plumb  bob  or  pendulum-like, 
relative  to  the  indicator  base  80  about  an  axis 
parallel  to  the  longitudinal  axis  of  tubular  member 
56.  The  pointer  element  88  is  housed  in  a  recess 

40  92  formed  in  the  front  face  of  the  indicator  base  80, 
and  it  has,  adjacent  one  end  thereof,  a  trunnion  94 
which  is  journalled  in  the  bearing  90  mounted  in 
the  indicator  base  80.  The  recess  92  is  covered 
with  a  transparent  plate  96  provided  with  a  scale 

45  for  indicating  angular  displacement  or  deviation  of 
the  indicator  base  80  from  the  reference  position 
indicated  by  the  pointer  element  88.  In  the  pre- 
ferred  embodiment  illustrated,  the  scale  comprises 
two  arcuate  scale  bars  in  the  form  of  slots  98  and 

50  100  which  are  substantially  concentric  with  respect 
to  each  other  and  to  the  pivot  axis  of  the  pointer 
element  88,  and  are  centered  with  respect  to  a 
zero-displacement  position  coinciding  with  said  ref- 
erence  position  which,  in  the  illustrated  embodi- 

55  ment,  in  turn  coincides  with  a  radial  extending  from 
the  longitudinal  axis  of  the  tubular  member  56 
through  the  pivot  axis  of  the  pointer  element  88. 
The  arcuate  slots  98  and  100  are  of  .different 

sion  joints  34  at  each  grid  location  is  to  form  the 
bulges  36,  38  at  the  same  orientation  from  one  grid 
to  the  next.  Thus,  only  the  expansion  joints  34  at 
the  uppermost  grid  16A  need  to  be  inspected  in 
order  to  determine  whether  the  bulges  36,  38  are 
located  within  the  allowed  deviation  range  from  the 
desired  45-degree  reference  points  shown  in  Fig. 
8. 

Figs.  3-6  illustrate  a  gage  for  use  in  performing 
this  kind  of  inspection  of  fuel  assemblies  in  a  more 
objective  and  positive  way  than  done  convention- 
ally.  This  gage,  generally  designated  with  numeral 
54,  comprises  basically  a  radially  expandable  tubu- 
lar  member  56,  an  elongate  expansion  member  58, 
and  an  indicator  mechanism  60. 

The  tubular  member  56  of  the  gage  54  is 
insertable  into  one  guide  thimble  14  at  a  time,  and 
it  has  externally  formed  thereon  dimples  or  embos- 
sments  62  which  are  spaced  from  each  other  cir- 
cumferentially  about  the  tubular  member  56.  The 
embossments  62  preferably  are  the  same  in  num- 
ber  (four,  in  the  embodiment  shown)  as  the  bulges 
36  of  the  guide  thimble  14,  and  they  are  shaped  so 
as  to  fit  into  the.  concavities  defined  on  the  inside 
of  the  bulges  36.  The  tubular  member  56  includes 
elongate,  resiliency  deflectable  fingers  64  which 
are  defined  by  and  between  circumferentially 
spaced-apart  slots  66  extending  longitudinally  from 
the  distal  end  68  of  the  tubular  member,  and  each 
of  which  fingers  64  has  one  of  the  embossments 
62  formed  on  a  forward  end  portion  70"  adjacent  the 
distal  end  thereof. 

The  expansion  member  58  of  the  gage  54 
comprises  an  elongate  shaft  72  which  extends  ax- 
ially  through  the  tubular  member  56  and  rotatably 
supports  it.  The  elongate  shaft  72  has  a  rearwardly 
tapered  mandrel  74  affixed  to  the  forward  or  distal 
end  thereof,  and  has  affixed  to  the  opposite  or  rear 
end  thereof  means  in  the  form  of  a  handle  76  for 
slidably  moving  the  shaft  72,  together  with  the 
mandrel  74,  relative  to  the  tubular  member  56 
which,  as  seen  from  Fig.  3,  can  slide  on  the  shaft 
72  between  the  tapered  mandrel  74  and  the  handle 
76. 

Thus,  it  is  apparent  that  the  expansion  member 
58,  the  shaft  72  of  which  slidably  and  rotatably 
supports  the  tubular  member  56,  can  also  be 
moved  by  means  of  the  handle  76  axially  relative 
to  the  tubular  member  56  even  after  the  latter  has 
been  inserted  into  a  guide  thimble  14.  Specifically, 
the  expansion  member  58  can  be  moved  relative  to 
the  tubular  member  56  between  a  first  position  • 
shown  in  Fig.  3,  and  a  second  position  shown  in 
Fig.  10.  In  its  first  position  (Fig.  3),  the  mandrel  74 
is  withdrawn  forward  from  the  distal  end  68  of  the 
tubular  member  56,  thereby  enabling  the  latter,  due 
to  the  resilience  of  the  metal  from'  which  it  is  made, 
to  contract  at  the  forward  end  portions  70  of  its 
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bulges  (36)  on  the  guide  thimble  (14)  and  having  a 
configuration  enabling  engagement  thereof  with 
concavities-  defined  by  the  bulges  (36)  of  the  guide 
thimble  on  the  inside  thereof; 

5  (b)  an  elongate  expansion  member  (58)  ex- 
tending  through  said  tubular  member  (56)  and  ax- 
ially  movable  relative  thereto  between  a  first  posi- 
tion  and  a  second  position,  said  expansion  mem- 
ber,  upon  movement  thereof  from  said  first  position 

w  to  said  second  position,  effecting  resilient  expan- 
sion  of  said  expandable  portion  of  the  tubular 
member  and  consequential  displacement  of  said 
embossments  toward  engagement  with  said  con- 
cavities,  and,  upon  movement  from  said  second 

15  position  to  said  first  position,  enabling  contraction 
of  said  expandable  portion  and  consequential  dis- 
placement  of  the  embossments  away  from  said 
concavities; 

(c)  means  (78)  for  rotating  said  tubular  mem- 
20  ber  (56)  about  its  longitudinal  axis  so  as  to  align 

the  embossments  (62)  thereon  with  said  concav- 
ities  for  engagement  therewith,  said  embossments, 
when  engaged  with  said  concavities,  preventing 
further  rotation  of  the  tubular  member;  and 

25.  (d)  an  indicator  mechanism  (60)  responsive 
to  rotation  of  said  tubular  member  (58)  for  indicat- 
ing  the  extent  and  direction  of  said  rotation  away 
from  a  reference  position,  and  thereby  indicating 
the  actual  orientation  of  the  mated  bulges  (36,38). 

30 
2.  A  gage  according  to  claim  1,  characterized 

in  that  said  expandable  portion  of  the  tubular  mem- 
ber  (56)  comprises  resiliency  deflectable,  longitudi- 
nal  fingers  (64)  each  having  one  of  said  emboss- 

35  ments  (62)  disposed  thereon. 
3.  A  gage  according  to  claim  1  or  2,  character- 

ized  in  that  said  expansion  member  (58)  comprises 
an  elongate  shaft  (72)  extending  through  said  tubu- 
lar  member  (56)  and  axially  movable  relative  there- 

to  to,  and  a  tapered  expansion  mandrel  (74)  which 
extends  from  one  end  of  said  shaft  (72)  and  acts 
upon  said  resiliency  expandable  portion  of  the  tu- 
bular  member  to  effect  expansion  thereof  upon 
movement  of  the  expansion  member  toward  said 

45  second  position. 
4.  A  gage  according  to  claim  3,  characterized 

in  that  said  expansion  member  (58)  includes  a 
handle  means  (76)  for  axially  moving  the  expansion 
member  (58),  said  handle  means  (76)  extending 

so  from  the  opposite  end  of  said  shaft  (72). 
5.  A  gage  according  to  claim  1,  2,  3  or  4, 

characterized  in  that  said  indicator  mechanism  (60) 
comprises  an  indicator  base  (80)  connected  to  said 
tubular  member  (56)  for  rotation  together  therewith 

55  and  including  an  indicator  scale  (98,100),  and  an 
elongate  pointer  element  (88)  pivotally  supported 
from  said  indicator  base  (80)  for,  in  conjunction 

lengths,  the  slot  98  nearer  to  the  pivot  axis  of  the 
pointer  element  being  shorter  and  representing  a  6- 
degree  angular  displacement  or  deviation  in  either 
direction  from  said  reference  position,  and  the 
longer  slot  100  which  is  more  distant  from  the  pivot 
axis  of  the  pointer  element  representing  an  11- 
degree  displacement  or  deviation  in  either  direction 
from  said  reference  position. 

The  gage  54  can  be  utilized  in  the  following 
manner  to  determine  the  orientation  of  the  mated 
bulges  36.38  at  a  given  expansion  joint  34  between 
a  grid  sleeve  28  and  the  guide  thimble  14  extend- 
ing  therethrough.  With  the  fuel  assembly  in  a  prone 
position  and  the  gage  54  held  so  that  the  indicator 
mechanism  60  on  the  tubular  member  58  is  sub- 
stantially  upright,  the  tubular  member  is  initially 
inserted  into  the  guide  thimble  14  to  an  extent 
substantially  aligning  the  embossments  62  adjacent 
its  distal  end  68  with  the  expansion  joint  34  to  be 
inspected.  Then,  the  expansion  member  58  is  ax- 
ially  moved,  preferably  incrementally,  from  its  first 
position  toward  its  second  position  relative  to  the 
tubular  member  56  (i.e.  it  is  pulled  inwards  of  the 
expandable  end  portion  of  the  latter)  as,  concur- 
rently  therewith,  the  tubular  member  56  is  rotated, 
preferably  likewise  incrementally,  until  the  emboss- 
ments  62  engage  in  the  concavities  defined  by  the 
bulges  36  of  the  guide  thimble  14  on  the  inside 
thereof,  whereupon  further  rotation  of  the  tubular 
member  56  is  arrested.  During  this  rotational  move- 
ment  of  the  tubular  member  56  together  with  the 
indicator  mechanism  60  thereon,  the  scale  98,100 
on  the  indicator  base  80  is  displaced  from  the 
reference  position  indicated  by  the  pointer  element 
88,  and  the  extent  and  the  direction  of  this  dis- 
placement,  as  indicated  by  the  indicator  mecha- 
nism,  provide  an  indication  of  the  orientation  of  the 
guide-thimble  bulges  36  relative  to  their  desired  or 
ideal  45-degree  reference  points  mentioned  earlier 
herein,  i.e..  it  provides  an  indication  of  the  true 
orientation  of  the  mated  bulges  36,38. 

Claims 

1.  A  gage  (54)  for  inspecting  a  nuclear  fuel 
assembly  to  determine  the  actual  orientation  of  a 
plurality  of  outwardly  projecting  bulges  (36,38) 
formed  on.  and  mated  to  form  a  joint  (34)  between, 
a  hollow  grid  sleeve  (28)  and  a  tubular  guide  thim- 
ble  (14)  extending  therethrough,  characterized  by 
the  combination  comprising:- 

(a)  a  tubular  member  (56)  which  is  insertable 
into  the  guide  thimble  and  has  a  resiliency  expand- 
able  portion  with  outwardly  projecting  emboss- 
ments  (62)  disposed  thereon  and  spaced  from 
each  other  circumferentially  thereabout,  said  em- 
bossments  being  spaced  apart  the  same  as  the 
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(c)  taking  a  reading  from  said  indicator 
mechanism  (80)  to  determine  the  orientation  of  the 
mated  bulges  (36,38)  at  said  joint  (34). 

with  said  scale,  indicating  the  extent  and  direction 
of  rotation  of  the  tubular  member  (58)  relative  to 
said  reference  position. 

6.  A  gage  according  to  claim  5,  characterized 
in  that  said  indicator  base  (80)  is  mounted  on  the 
tubular  member  (56)  in  a  manner  such  as  to  be  in 
an  upright  disposition  when  the  gage  is  in  use,  said 
pointer  element  (88)  being  freely  pivotable  relative 
to  the  indicator  base  (80)  and  functioning  in  plumb- 
bob  fashion  to  indicate  said  reference  position. 

7.  A  gage  according  to  claim  5  or  6,  character- 
ized  in  that  said  indicator  base  (80)  has  disposed 
therein  a  low-friction  bearing  (90)  in  which  said 
pointer  element  (88)  is  joumalled. 

8.  A  gage  according  to  claim  5,  6  or  7,  char- 
acterized  in  that  said  means  (78)  for  rotating  the 
tubular  member  (56)  comprises  a  handle  (78)  fixed- 
ly  attached  to  said  indicator  base  (80). 

9.  A  gage  according  to  claim  5,  6,  7  or  8, 
characterized  in  that  said  pointer  element  (88)  is 
housed  in  a  recess  (92)  formed  in  a  front  face  of 
the  indicator  base  (80),  said  recess  being  covered 
with  a  transparent  plate  (96)  including  said  indicator 
scale  (98,100). 

10.  A  gage  according  to  claim  9,  characterized 
in  that  said  indicator  scale  (98,100)  comprises  at 
least  one  elongate,  arcuate  scale  bar  substantially 
concentric  with  respect  to  the  pivot  axis  of  said 
pointer  element  (88),  and  normally  centered  with 
respect  to  a  zero-displacement  position  corre- 
sponding  to  said  reference  position  as  indicated  by 
the  pointer  element. 

11.  A  gage  according  to  claim  10,  character- 
ized  in  that  said  or  each  scale  bar  (98,100)  is  an 
arcuate  slot  formed  in  said  transparent  plate  (96). 

12.  A  method  of  utilizing  the  gage  claimed  in 
any  one  of  the  preceding  claims  for  inspecting  a 
nuclear  fuel  assembly  to  determine  the  actual  ori- 
entation  of  a  plurality  of  outwardly  projecting 
bulges  (36,38)  formed  on,  and  mated  to  form  a 
joint  (34)  between,  a  hollow  grid  sleeve  (28)  and  a 
tubular  guide  thimble  (14)  therethrough,  character- 
ized  by  the  following  steps  sequentially  performed:- 

(a)  inserting  said  tubular  member  (56),  with 
the  expansion  member  (58)  therein  disposed  in 
said  first  position,  into  said  guide  thimble  to  an 
extent  placing  said  embossments  (62)  into  align- 
ment  with  said  joint  (34); 

(b)  urging  said  elongate  expansion  member 
(58)  toward  said  second  position  while,  simulta- 
neously  therewith,  rotating  the  tubular  member  (56) 
until  the  embossments  (62)  engage  in  the  concav- 
ities  defined  by  the  bulges  (36)  of  the  guide  thim- 
ble  (14)  on  the  inside  thereof;  and 
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