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fuel  rods  into  the  spacer  grid  assemblies,  by  sharp 
edges  on  the  dimples  and  springs  scraping  along 
the  fuel  rod  claddings. 

Some  conventional  spacer  grids  contribute  to  an 
additional  problem  in  that  the  fuel  rod  springs  and 
dimples  may  not  accurately  position  the  fuel  rod  at 
the  center  of  a  standard  cell.  Deviations  from  that 
center  position  can  result  in  adverse  nuclear 
characteristics  in  the  fuel  assembly  as  well  as 
hydraulic  flow  maldistribution  and  mechanical 
damage,  such  as  bent  dimples  and  grid  springs. 

It  is  the  principal  object  of  the  invention  to 
alleviate  these  problems,  and  the  invention 
accordingly  resides  in  a  nuclear  fuel  assembly 
spacer  grid  as  characterized  in  claim  1. 

It  will  be  appreciated  that  the  dimples  and 
springs  which,  instead  of  making  point  contact 
with  the  fuel  rods,  have  fuel-rod  cradling  surfaces 
will  present  to  fuel  rods  larger  bearing  surfaces 
which  are  capable  of  distributing  vibrational  or 
shock-induced  forces  over  larger  areas  and  are 
less  likely  to  cause  scratching  or  fretting  of  fuel  rod 
cladding. 

The  fuel  rods  are  substantially  cylindrical,  and 
the  contoured  cradling  surface  of  each  dimple  and 
each  spring  has  a  radius  of  curvature  at  least  equal 
to  that  of  the  peripheral  surface  of  the  fuel  rod. 
Each  dimple  and  each  spring  is  an  elongate 
member  which  arches  from  the  associated  grid 
strap  inwards  of  the  associated  cell  and  has  the 
cradling  surface  formed  on  a  raised  central  portion 
thereof,  the  elongate  member  preferably  being 
provided,  along  its  longitudinal  edges,  with 
flanges  angled  toward  the  plane  of  the  associated 
grid  strap.  In  the  preferred  embodiment  of  the 
invention  still  to  be  described,  the  elongate  and 
arched  dimples  extend  transverse,  and  the  elon- 
gate  and  arched  springs  extend  substantially 
parallel,  with  respect  to  the  longitudinal  axes  of  the 
respective  grid  cells,  the  springs  preferably  having 
longitudinal  ribs  formed  on  end  or  base  portions 
thereof  extending  from  the  opposite  ends  of  their 
raised  central  portions. 

The  preferred  embodiment  of  the  invention  will 
now  be  described,  by  way  of  example  only,  with 
reference  to  the  accompanying  drawings,  in 
which:  — 

Figure  1  is  an  elevational  view  of  a  conventional 
fuel  assembly  including  spacer  grids  which 
embody  the  invention; 

Figure  2  is  an  isometric  view,  with  parts  shown 
broken  away,  of  a  spacer  grid  embodying  the 
invention; 

Figure  3  is  an  elevational  view  of  a  spring  of  the 
spacer  grid; 

Figure  4  is  a  sectional  view  taken  along  line  A—  A 
of  Fig.  3; 

Figure  5  is  a  sectional  view  taken  along  line  B  —  B 
or  line  C  —  C  of  Figure  4; 

Figure  6  is  a  sectional  view  taken  along  line  D  —  D 
of  Figure  4; 

Figure  7  is  an  elevational  view  of  a  dimple  of  the 
spacer  grid  embodying  the  invention; 

Figure  8  is  a  sectional  view  taken  along  line  E—  E 
of  Figure  7; 

Description 

The  invention  relates  generally  to  an  improved 
nuclear  reactor  fuel  assembly  spacer  grid  for 
spacing  and  cradling  fuel  rods  in  a  nuclear  fuel  5 
assembly. 

In  a  nuclear  fuel  assembly,  spacer  grid  assemb- 
lies  are  used  to  precisely  maintain  the  spacing 
between  the  fuel  rods  in  a  nuclear  reactor  core,  to 
prevent  rod  vibration,  and  to  provide  lateral  w 
support  forthefuel  rods.  Conventional  spacergrid 
assembly  designs  include  a  multiplicity  of  metal 
grid  straps,  interlocked  into  an  egg-crate  con- 
figuration  designed  to  form  cells  through  which 
fuel  rods  (standard  cells)  and  control  rod  guide  15 
thimbles  (thimble  cells)  pass.  Slots  are  often 
utilized  to  effect  the  interlocking  engagement 
between  grid  straps.  Each  standard  cell  provides 
support  for  one  fuel  rod  at  a  given  axial  location 
through  the  use  of  relatively  resilient  grid  springs  20 
and  relatively  rigid  protuberances  (dimples) 
formed  in  or  attached  to  the  metal  grid  straps.  A 
peripheral  strap  may  be  used  to  enclose  the 
interlocked  grid  straps  in  order  to  impart  strength 
and  rigidity  to  the  fuel  assembly  and  to  provide  25 
grid  spring  and  dimple  locations  for  the  peripheral 
cells.  In  order  to  minimize  the  lateral  displacement 
of  fuel  rods  during  operation  and  to  improve  the 
fuel  characteristics  of  a  fuel  assembly,  a  number  of 
such  spacer  grid  assemblies  may  be  spaced  along  30 
the  fuel  assembly.  These  grids  are  generally  held 
in  place  by  attaching  them  to  the  control  rod  guide 
thimbles  through  well-known  bulging  techniques 
or  the  like. 

Such  spacer  grid  assemblies  are  disclosed  in  35 
U.S.  Patent  Nos.  3,389,056;  3,713,971;  3,944,467; 
4,224,107,  and  Re.  US—  E  30,  247,  for  example. 

During  operation  in  a  nuclear  reactor,  the  grid 
springs  and  dimples  are  exposed  to  intensive 
radiation  which  may  cause  the  grid  springs  to  lose  40 
enough  of  their  resilience  to  eventually  permit  the 
fuel  rods  to  vibrate  and  chatter  against  the  dimp- 
les.  The  result  may  be  fretting  of  the  fuel  rod 
cladding.  In  a  typical  fuel  rod,  the  cladding  com- 
prises  a  metal  tube  that  contains  nuclear  fuel  45 
pellets.  As  used  herein,  the  term  "fretting"  means 
a  rubbing  action  between  the  fuel  rod  cladding  and 
the  grid  springs  and  dimples.  If  severe  enough, 
fretting  is  believed  to  result  in  fuel  rod  failure.  In  a 
nuclear  fuel  assembly,  fretting  may  be  caused  by  so 
rod  vibration  induced  by  coolant  and/or  moderator 
fluid  flow  in  the  reactor  core  and  possibly  by  forces 
set  up  during  shipping  and  during  loading  of  the 
fuel  rod.  Furthermore,  fuel  rods  generally  are  long 
(several  meters)  slender  cylinders  which,  when  55 
inserted  into  conventional  spacer  grid  assemblies 
during  fuel  loading,  typically  have  their  outer 
peripheral  surfaces  resting  flat  or  raised  surfaces 
of  dimples  and  grid  springs  in  a  manner  resulting 
in  a  point  or  line  contact  between  the  fuel  rod  60 
surface  and  the  springs  and  dimples.  When  rods 
are  loaded  into  such  conventional  spacer  grid 
assemblies,  scratches  known  as  loading  scratches 
are  a  common  problem.  It  is  believed  that  these 
scratches  are  caused,  during  the  insertion  of  the  65 
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inter-fitted  into  an  egg-crate  configuration  provid- 
ing  cells  for  accepting  the  fuel  rods.  Each  of  the 
cells  supports  the  fuel  rod  therein  by  means  of 
spring  fingers  and  dimples  which  frictionally 

5  engage  the  fuel  rod  typically  at  six  points  therein. 
The  spacer  grids  may  include  vanes  for  providing 
coolant  flow  mixing,  as  likewise  known  in  the  art. 

Referring  now  to  Figure  2  of  the  drawings,  there 
is  shown  part  of  a  spacer  grid  embodying  the 

w  invention.  Similar  to  conventional  spacer  grids, 
the  grid  16  is  formed  of  straps  24  interleaved  in 
egg-crate-like  fashion  to  form  cells  34  for  the 
respective  fuel  rods  18  to  extend  therethrough. 
The  spacer  grid  16  also  includes  outer  or  peri- 

is  pheral  straps  36  which  are  interconnected  at  their 
ends  and,  encircling  the  egg-crate-like  structure  of 
inner  straps  24,  have  the  ends  of  the  latter 
connected  thereto.  As  seen  from  Figure  2,  each 
outer  strap  36  has  a  main  portion  40  and  may 

20  have  upper  and  lower  resilient  border  portions  42 
and  44,  respectively.  Preferably,  the  border  por- 
tions  42  and  44  are  formed  integral  with  the  main 
portion  40,  and  project  outward  from  the  planes 
of  the  associated  portions  40  in  order  to  cushion 

25  the  enclosed  fuel  rods  from  shocks  on  shipping 
containers  or  the  like  used  to  transport  fuel 
assemblies  to  reactors.  The  border  portions  42 
and  44  may  be  fashioned  to  form  mixing  vanes 
for  creating  turbulence  and  promoting  mixing  of 

30  the  coolant  flow  through  the  fuel  assembly.  The 
outer  straps  36  preferably  are  made  of  a  material 
having  a  low  neutron  capture  cross-section,  such 
as  zirconium  or  a  zirconium  alloy,  and  are  joined 
together  and  to  the  inner  grid  straps  by  welding. 

35  Projecting  into  each  cell  34  of  the  spacer  grid  16 
as  shown  are  two  pairs  of  relatively  rigid  dimples 
46  and  two  grid  springs  48.  The  two  pairs  of 
dimples  46  are  formed  on  the  respective  strap 
portions  bordering  the  cell  34  on  two  adjoining 

40  sides  thereof,  and  the  springs  48  are  formed  on 
the  respective  strap  portions  bordering  the  cell  on 
its  remaining  sides,  i.e.,  the  sides  opposite  from 
the  strap  portions  carrying  the  dimples,  the  dimp- 
les  46  on  each  strap  portion  being  spaced  apart 

45  and  aligned  with  each  other  in  the  longitudinal 
direction  of  the  cell  which  coincides  with  the 
longitudinal  direction  of  the  particular  fuel  rod 
when  extending  therethrough.  With  this  arrange- 
ment,  the  spring  48  in  each  grid  cell  will  engage 

so  the  fuel  rod  therein  and  bias  it  against  the  rela- 
tively  rigid  dimples  46  opposite  the  respective 
springs. 

The  dimples  46  and  the  grid  springs  48  are 
elongate  and  generally  trapezoidal  in  shape,  the 

55  dimples  46  extending  transverse  with  respect  to 
the  longitudinal  axes  of  the  respective  grid  cells, 
and  the  springs  48  extending  substantially  paral- 
lel  to  the  grid-cell  longitudinal  axes.  In  the 
embodiment  illustrated,  the  dimples  46  and  grid 

60  springs  are  integral  parts  of  the  respective  grid 
straps  24,  each  of  them  being  lanced  along  its 
longitudinal  edges  from  the  associated  strap  24 
and  being  arched  from  the  plane  thereof  inwardly 
of  the  associated  grid  cell. 

65  Turning  now  to  Figures  3  to  6,  the  fuel-rod 

Figure  9  is  a  sectional  view  taken  along  line 
F—  F  of  Figure  8; 

Figure  10  is  a  sectional  view  taken  along  line 
G—  G  of  Figure  8;  and 

Figure  11  shows  a  modification  of  the  dimple 
configuration  of  Figure  9. 

In  the  following  description,  terms  such  as 
"forward",  "rearward",  "left",  "right",  "down- 
wardly",  and  the  like,  are  employed  as  words  of 
convenience  not  to  be  construed  as  limiting 
terms. 

Referring  now  to  the  drawings  and  particularly 
to  Figure  1,  the  fuel  assembly  shown  therein  and 
generally  designated  with  reference  numeral  10 
comprises  a  lower  end  structure  or  bottom  nozzle 
12  for  supporting  the  assembly  on  the  lower  core 
plate  (not  shown)  in  the  core  region  of  a  reactor 
(not  shown),  control  rod  guide  tubes  or  thimbles 
14  extending  upwards  from  the  bottom  nozzle  12, 
transverse  spacer  grids  16  laterally  supporting  an 
organized  array  of  fuel  rods  18,  an  instrumenta- 
tion  tube  20,  and  an  upper  end  structure  or  top 
nozzle  22  attached  to  the  upper  ends  of  the  guide 
thimbles  14  to  form  an  integral  assembly  capable 
of  being  conventionally  handled  without  damage 
to  the  assembly  components.  The  bottom  and  top 
nozzles  12,  22  are  of  conventional  designs,  each 
including  an  adapter  plate  with  openings  (not 
shown)  for  the  flow  of  a  liquid  coolant,  such  as 
water,  therethrough,  all  as  well  known  in  the  art. 

The  top  nozzle  22  includes  upright  sidewalls 
which  extend  from  its  adapter  plate  and  have  an 
upper  flange  (not  shown)  to  which  there  are 
suitably  clamped  leaf  springs  26  (only  one  is 
shown)  which  cooperate  with  the  upper  core  plate 
(not  shown)  to  prevent  hydraulic  lifting  of  the  fuel 
assembly  10,  caused  by  the  upward  coolant  flow, 
while  allowing  for  changes  in  the  fuel  assembly 
length  due  to  core-induced  thermal  expansion 
and  the  like.  Disposed  within  the  enclosure 
defined  by  the  sidewalls  of  the  top  nozzle  22  is  a 
conventional  rod-cluster  control  assembly  28 
having  radially  extending  flukes  30  connected  to 
the  upper  ends  of  control  rods  32  for  vertically 
moving  the  control  rods  in  the  control-rod  guide 
thimbles  14,  as  well  known  in  the  art. 

When  assembling  the  fuel  assembly  10,  the 
spacer  grids  16  are  attached  to  the  guide  thimbles 
14  at  predetermined  axially  spaced  locations,  the 
fuel  rods  18  are  inserted  through  the  respective 
cells  formed  by  the  interlocked  grid  straps,  the 
lower  nozzle  12  is  suitably  attached  to  the  lower 
ends  of  the  guide  thimbles  14,  and  the  top  nozzle 
22  is  attached  to  the  upper  ends  of  the  guide 
thimbles  14.  For  a  more  detailed  description  of 
the  conventional  parts  of  the  fuel  assembly  10, 
reference  may  be  made  to  US—  A—  4,061  ,536. 

Before  describing  the  spacer  grid  structure 
embodying  the  invention,  it  is  noted  that  spacer 
grids  as  such  are  well  known  in  the  art  and  are 
used  mainly  to  maintain  a  precise  spacing 
between  fuel  rods,  and  to  prevent  fuel  rods  from 
vibrating.  Conventional  spacer  grids,  such  as 
those  shown  and  described  in  U.S.  Patent  Nos. 
3,379,619  and  4,061,536,  are  formed  of  straps 
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cradling  grid  springs  48  constructed  in  accord- 
ance  with  the  invention  will  now  be  described  in 
detail.  As  indicated  above,  the  springs  48  as 
shown  in  the  preferred  embodiment  are  integral 
parts  of  the  respective  grid  straps  24,  each  of  5 
them  having  been  lanced  from  the  associated 
strap  24  by  punching  slots  52  and  54  along  the 
longitudinal  edges  of  the  spring  48.  Each  of  the 
springs  48  has  a  raised  portion  50  contoured  to 
cradle  the  associated  fuel  rod  and  to  present  to  10 
the  latter  a  relatively  large  bearing  surface  which 
is  capable  of  distributing  vibrational  and  impact- 
induced  forces  over  a  larger  surface  area  of  the 
rod,  and  which,  in  addition,  minimizes  the  chance 
of  the  fuel  rod  cladding  being  scratched  during  is 
loading  or  unloading  operations.  In  order  to 
provide  a  large  bearing  surface,  the  raised  portion 
50  of  each  grid  spring  48  has  an  arcuate  surface 
56  which  is  curved  so  as  to  approximately  follow 
the  surface  contour  of  the  generally  cylindrical  20 
fuel  rods,  and  in  order  to  lessen  any  fretting 
tendency  still  further,  each  spring  48  preferably  is 
provided  with  longitudinal  ribs  58  formed  along 
the  transverse  center  of  base  portions  60,  62 
extending  from  the  opposite  ends  of  the  raised  25 
central  portion  50  of  the  spring.  The  ribs  58  also 
add  stiffness  to  the  grid  spring  48.  Each  spring  48 
may  be  further  stiffened  by  providing  it,  along  the 
longitudinal  edges  thereof,  with  flanges  64  angled 
towards  the  plane  of  the  strap  24  from  which  the  30 
spring  is  projecting.  As  seen  best  from  Figure  5, 
the  angle  a  formed  by  each  flange  with  respect  to 
the  major  face  of  the  grid  spring  may  be  up  to  90 
degrees  and  preferably  is  in  the  range  of  from  30 
to  60  degrees.  35 

Referring  now  to  Figures  7  to  10,  the  fuel-rod 
cradling  dimples  46  will  be  described  in  detail.  As 
the  springs  48,  the  dimples  46  preferably  are 
strips  of  strap  material  lanced  from  the  respective 
straps  24  by  punching  slots  66  and  68  into  it  to  40 
form  the  longitudinal  edges  of  the  respective 
dimples.  As  best  seen  from  Figure  8,  each  dimple 
46,  like  each  grid  spring  48,  is  formed  generally  as 
an  arch  having  a  center  portion  70  and  base 
portions  72  extending  from  the  opposite  ends  of  45 
the  center  portion  to  the  grid  strap  24.  Since,  in 
the  illustrated  embodiment,  the  dimples  46  are 
open  in  the  coolant-flow  direction  in  that  they 
extend  transverse  with  respect  to  the  longitudinal 
axes  of  the  grid  cells,  the  center  portion  70  of  each  so 
dimple  is  curved  in  an  arc  extending  between  the 
base  portions  72  so  as  to  cradle  the  generally 
cylindrical  fuel  rod  passing  through  the  asso- 
ciated  grid  cell.  Preferably,  the  radius  of  curvature 
(r)  of  the  arc  formed  in  each  grid  spring  (Figure  6)  55 
and  each  dimple  (Figure  8)  is  slightly  greater  than 
the  radius  of  curvature  of  the  outside  diameter  of 
the  fuel  rod  to  be  supported,  in  order  to  cradle  the 
fuel  rod  while  allowing  for  small  deviations  in  the 
location  of  the  grid  springs  and  dimples  in  the  60 
spacer  grid  assembly.  At  any  rate,  said  radius  r 
must  be  at  least  equal  to  the  radius  of  curvature  of 
the  fuel  rod  to  be  supported  when  the  fuel  rod  is 
in  its  expanded,  i.e.,  heated  condition. 

Since  the  fuel  rods  are  inserted  in  a  direction  65 

parallel  to  the  face  of  each  dimple  46,  it  is 
desirable  to  roll  down  at  least  the  edge  of  the 
dimple  which  is  facing  opposite  to  the  direction  of 
fuel  rod  insertion,  thereby  to  form  a  ramp  which 
will  prevent  the  fuel  rod  cladding  from  being 
scratched.  As  seen  best  from  Figures  9  and  10,  the 
rolled  down  or  ramp  portion  comprises  a  flange 
74  which  is  angled  toward  the  plane  of  the  grid 
strap  24  from  which  the  respective  dimple  is 
projecting  and  is  disposed  at  an  angle  (3,  with 
respect  to  the  arch,  to  form  a  generally  smooth 
ramp  onto  the  base  portions  72  and  center  por- 
tion  70.  The  angle  p  may  vary  up  to  90  degrees 
and  preferably  is  in  the  range  of  between  30  to  60 
degrees.  The  flange  or  flanges  74  will  serve  to 
stiffen  the  dimple  as  well  as  enable  loading  of  fuel 
rods  without  scratching. 

As  shown  in  Figure  11,  the  base  portions  72  of 
each  dimple  may  also  be  provided  with  stiffening 
ribs  76. 

During  fabrication  of  a  fuel  assembly  or  oper- 
ation  in  a  reactor,  a  fuel  rod  could  begin  to  deviate 
from  its  nominal  center  position  aligned  with  the 
axis  of  the  grid  cell.  The  fuel  rod  cradle  spacer 
grid  design  according  to  the  present  invention 
requires  a  fuel  rod  to  "ride  up"  to  a  higher 
position  on  the  dimple  or  spring  in  order  to 
deviate  from  this  nominal  position.  This  riding-up 
movement  tends  to  force  a  deviating  fuel  rod  back 
into  the  "valley"  of  the  cradle,  thereby  reducing 
any  tendency  toward  large  deviations  from  the 
nominal  center  position  which  could  otherwise 
bend  dimples  and  springs  and  alter  the  nuclear, 
thermal,  and  hydraulic  characteristics  of  the  fuel 
assembly. 

During  operation,  the  cradle  grid  spring  and 
dimple  design  of  the  present  invention  also  tend 
to  maintain  the  fuel  rods  centered  in  the  grid  cells. 
This  is  particularly  important  after  radiation 
begins  to  relax  the  force  exerted  on  the  fuel  rods 
by  the  grid  springs.  In  this  regard,  the  cradle 
design  tends  to  maintain  a  more  uniform  coolant 
flow  distribution  about  the  fuel  rods.  If,  during 
operation,  a  fuel  rod  experiences  "lift  off"  from  a 
grid  spring  or  dimple,  generally  not  more  than  a 
few  hundredths  of  a  millimeter,  the  flow  of  cool- 
ant  into  and  out  of  the  cavity  formed  between  the 
lifted-off  fuel  rod  and  the  spring  or  dimple  surface 
is  more  restricted  with  the  cradle  design  of  the 
invention  than  with  the  conventional  flat  design 
so  that  there  is  less  of  a  tendency  to  increase  the 
hydraulic  lift  on  the  fuel  rod.  Indeed,  the  more 
confined  cavity  resulting  upon  fuel  rod  lift-off  by 
virtue  of  the  cradle  design  tends  to  reduce  the 
frequency  of  flow-induced  fuel  rod  vibration  and 
thereby  reduces  any  tendency  toward  fretting  of 
the  fuel  cladding. 

Claims 

1.  A  nuclear  fuel  rod  spacer  grid  for  laterally 
supporting  the  substantially  parallel  spaced  and 
substantially  cylindrical  fuel  rods  in  a  nuclear  fuel 
assembly  and  comprising  a  plurality  of  straps 
interleaved  in  an  egg-crate-like  manner  to  define 
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jeder  Noppen  (46)  und  jede  Feder  (48)  eine  an  der 
Umfangsflache  des  Brennstabs  (18)  anliegende 
Anlageflache  (70;  56)  aufweist,  dadurch  gekenn- 
zeichnet,  daB  die  Anlageflache  (70;  56)  jedes  der 

5  Noppen  und  jeder  der  Federn  etwa  teilzylindrisch 
und  so  konturiert  ist,  daB  sie  den  Brennstab 
umgreift. 

2.  Haltegitter  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  konturierte  Anlageflache 

io  (56;  70)  jedes  Noppens  (46)  und  jeder  Feder  (48) 
mit  einem  Krummungsradius  gekriimmt  ist,  der 
mindestens  gleich  dem  Krummungsradius  der 
Umfangsflache  des  betreffenden  Brennstabs  ist. 

3.  Haltegitter  nach  Anspruch  1  oder  2,  dadurch 
15  gekennzeichnet,  daB  jede  der  Federn  (48)  und 

jeder  der  Noppen  (46)  ein  langliches  Element  ist, 
.  das  von  dem  zugehorigen  Streifen  (24)  in  die 

betreffende  Zelle  (34)  hinein  ausgebogen  ist  und 
einen  erhabenen  Mittelteil  mit  der  daran  gebilde- 

20  ten  konturierten  Anlageflache  (56;  70)  aufweist. 
4.  Haltegitter  nach  Anspruch  3,  dadurch 

gekennzeichnet,  daB  jede  Feder  (48)  im  wesent- 
lichen  parallel  zur  Langsachse  der  zugehorigen 
Zelle  (34)  verlauft  und  Basisteile  (60,  62)  aufweist, 

25  die  von  entgegengesetzten  Enden  des  erhabenen 
Mittelteils  der  Feder  wegragen  und  jeweils  eine 
darauf  gebildete  Langsrippe  (58)  aufweisen. 

5.  Haltegitter  nach  Anspruch  3  oder  4,  dadurch 
gekennzeichnet,  daB  jede  Feder  (48)  entlang  ihrer 

30  Langsrander  gebildete  Flansche  (64)  aufweist,  die 
bewzuglich  der  Ebene  des  zugehorigen  Streifens 
(24)  abgewinkelt  sind. 

6.  Haltegitter  nach  Anspruch  3,  4  oder  5, 
dadurch  gekennzeichnet,  daB  jeder  der  Noppen 

35  (46)  entlang  seiner  Langsrander  gebildete  Flan- 
sche  (74)  aufweist,  die  zur  Ebene  des  zugehorigen 
Streifens  (24)  hin  abgewinkelt  sind. 

7.  Haitegitter  nach  Anspruch  6,  dadurch 
gekennzeichnet,  daB  jeder  Noppen  (46)  quer  mit 

40  Bezug  auf  die  Langsachse  der  betreffenden  Zelle 
(34)  verlauft. 

8.  Haltegitter  nach  Anspruch  3,  4,  5,  6  oder  7, 
dadurch  gekennzeichnet,  daS  jeder  Noppen  (46) 
Basisteile  (72)  aufweist,  die  von  entgegen- 

45  gesetzten  Enden  des  erhabenen  Mittelteils  aus 
verlaufen  und  jeweils  eine  daran  gebildete  Langs- 
rippe  (76)  aufweisen. 

fuel-rod  receiving  ceils  each  of  which  is  bounded 
by  portions  of  said  straps  having  formed  thereon 
dimples  and,  opposite  thereto,  springs  biased  a 
fuel  rod  extending  therethrough  against  the 
dimples,  each  of  said  dimples  (46)  and  each  of 
said  springs  (48)  having  a  surface  (70;  56)  which 
bears  against  the  peripheral  surface  of  the  fuel 
rod  (18),  characterized  in  that  said  surface  (70;  56) 
of  each  of  said  dimples  and  each  of  said  springs  is 
substantially  part-cylindrical  and  contoured  so  as 
to  cradle  the  fuel  rod. 

2.  A  spacer  grid  according  to  claim  1,  charac- 
terized  in  that  the  contoured  surface  (56;  70)  of 
each  dimple  (46)  and  each  spring  (48)  is  curved 
having  a  radius  of  curvature  at  least  equal  to  the 
radius  of  curvature  of  the  peripheral  surface  of  the 
respective  fuel  rod. 

3.  A  spacer  grid  according  to  claim  1  or  2, 
characterized  in  that  each  of  said  springs  (48)  and 
each  of  said  dimples  (46)  is  an  elongate  member 
arching  from  the  associated  strap  (24)  inwardly  of 
the  associated  cell  (34)  and  having  a  raised  central 
portion  with  said  contoured  surface  (56;  70) 
formed  thereon. 

4.  A  spacer  grid  according  to  claim  3,  charac- 
terized  in  that  each  spring  (48)  extends  sub- 
stantially  parallel  to  the  longitudinal  axis  of  the 
associated  cell  (34)  and  includes  base  portions 
(60,  62)  which  extend  from  opposite  ends  of  said 
raised  central  portion  of  the  spring  and  each  of 
which  has  a  longitudinal  rib  (58)  formed  thereon. 

5.  A  spacer  grid  according  to  claim  3  or  4, 
characterized  in  that  each  spring  (48)  has  flanges 
(64)  formed  along  the  longitudinal  edges  thereof 
and  angled  toward  the  plane  of  the  associated 
strap  (24). 

6.  A  spacer  grid  according  to  claim  3,  4  or  5, 
characterized  in  that  each  of  said  dimples  (46)  has 
flanges  (74)  formed  along  the  longitudinal  edge 
thereof  and  angled  toward  the  plane  of  the  asso- 
ciated  strap  (24). 

7.  A  spacer  grid  according  to  claim  6,  charac- 
terized  in  that  each  dimple  (46)  extends  trans- 
verse  with  respect  to  the  longitudinal  axis  of  the 
associated  cell  (34). 

8.  A  spacer  grid  according  to  claim  3,  4,  5,  6  or  7, 
characterized  in  that  each  dimple  (46)  includes 
base  portions  (72)  extending  from  opposite  ends 
of  the  raised  central  portion  thereof  and  each 
having  a  longitudinal  rib  (76)  formed  thereon. 

Patentanspriiche 

1.  Kernbrennstab-Haltegitter  zur  seitlichen 
Abstutzung  der  im  wesentlichen  parallelen,  mit 
Abstand  verlaufenden  und  im  wesentlichen  zylin- 
drischen  Brennstabe  in  einem  Kernbrennelement, 
mit  einer  Mehrzahl  von  in  eierkistenartiger  Anord- 
nung  ineinandergreifenden  Streifen  zur  Bildung 
von  Brennstabe  aufnehmenden  Zellen,  die  jeweils 
von  Abschnitten  der  genannten  Gitterstreifen  mit 
daran  gebildeten  Noppen  und  mit  diesen 
gegeniiberliegend  angeordneten  Federn  zum 
Vorspannen  eines  hindurchverlaufenden  Brenn- 
stabs  gegen  die  Noppen  begrenzt  sind,  wobei 

Revendications 

1.  Grille  de  separation  de  barres  de  combustible 
nucleaire  pour  supporter  lateralement  les  barres 
de  combustible  sensiblement  cylindriques  et 
espacees  de  fagon  sensiblement  parallele  dans  un 
assemblage  combustible  nucleaire,  et  compre- 
nant  une  pluralite  de  bandes  intercalees  a  la 
maniere  d'une  boite  a  oeufs  pour  definir  des 
cellules  destinees  a  recevoir  les  barres  combusti- 
bles,  chacune  de  ces  cellules  etant  rattachee  a  des 
parties  desdites  bandes  et  ayant  forme  sur  celles- 
ci  des  cavites  et,  du  cote  oppose  a  ces  dernieres, 
des  ressorts  poussant  contre  les  cavites  une  barre 
combustible  s'etendant  le  long  de  ces  cellules, 
chacune  desdites  cavites  (46)  et  chacun  desdits 
ressorts  (48)  ayant  une  surface  (70;  56)  qui  porte 
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bases  (60,  62)  qui  s'etendent  depuis  les  extre- 
mites  opposees  de  ladite  partie  centrale  surelevee 
du  ressort,  et  sur  chacune  desqueiles  est  formee 
une  nervure  longitudinale  (58). 

5.  Grille  de  separation  selon  les  revendications 
3  ou  4,  caracterisee  par  le  fait  que  chaque  ressort 
(48)  a  des  ailes  (64)  formees  le  long  de  ses  bords 
longitudinaux  de  ce  ressort,  et  orientees  vers  le 
plan  de  la  bande  associee  (24). 

6.  Grille  de  separation  selon  les  revendications 
3,  4  ou  5,  caracterisee  par  le  fait  que  chacune 
desdits  cavites  (46)  a  des  ailes  (74)  formees  le 
long  de  son  bord  longitudinal  de  cette  cavite,  et 
orientees  vers  le  plan  de  la  bande  associee  (24). 

7.  Grille  de  separation  selon  la  revendication  6, 
caracterisee  par  le  fait  que  chaque  cavite  (46) 
s'etend  transversalement  par  rapport  a  I'axe  lon- 
gitudinal  de  la  cellule  associee  (34). 

8.  Grille  de  separation  selon  les  revendications 
3,  4,  5,  6  ou  7,  caracterisee  par  le  fait  chaque  cavite 
(46)  comporte  des  parties  de  base  (72)  s'etendant 
depuis  les  extremites  opposees  de  sa  partie  cen- 
trale  surelevee,  et  sur  chacune  desqueiles  est 
formee  une  nervure  longitudinale  (76). 

contre  la  surface  peripherique  de  la  barre  com- 
bustible  (18),  caracterisee  par  le  fait  que  lesdites 
surfaces  (70;  56)  de  chacune  desdites  cavites  et 
chacun  desdits  ressorts  sont  sensiblement  par- 
tiellement  cylindriques  et  ont  un  profil  de  fagon  a 
entourer  la  barre  combustible. 

2.  Grille  de  separation  selon  la  revendication  1, 
caracterisee  par  le  fait  que  la  surface  profilee  (56; 
70)  de  chaque  cavite  (46)  et  de  chaque  ressort  (48) 
est  courbee  et  a  un  rayon  de  courbure  au  moins 
egal  au  rayon  de  courbure  de  la  surface  peripheri- 
que  de  la  barre  combustible  correspondante. 

3.  Grille  de  separation  selon  les  revendications 
1  ou  2,  caracterisee  par  le  fait  que  chacun  desdits 
ressorts  (48)  et  chacune  desdites  cavites  (46)  sont 
constitues  d'un  element  allonge  argue  par  rap- 
port  a  la  bande  associee  (24)  vers  I'interieur  de  la 
cellule  associee  (34)  et  ayant  une  partie  centrale 
surelevee,  ladite  surface  profilee  (56;  70)  etant 
formee  a  cet  endroit. 

4.  Grille  de  separation  selon  la  revendication  3, 
caracterisee  par  le  fait  que  chaque  ressort  (48) 
s'etend  sensiblement  parallelement  a  I'axe  longi- 
tudinal  de  la  cellule  associee  (34)  et  comporte  des 
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