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Description 

This  invention  relates  to  apparatus  for  support- 
ing  the  tubes  of  a  nuclear  steam  generator  to 
inhibit  vibration  and,  more  particularly,  to  such 
apparatus  that  permits  the  ready  insertion  of  the 
tubes,  while  providing  improved  support  and 
extended  life  of  the  tubes. 

In  such  steam  generators  heat  exchange  tubes 
are  supported  by  tube  support  plates 
which  have  tube  holes  disposed  therethrough, 
each  for  receiving  a  tube.  The  secondary  water 
circulating  within  the  steam  generator  and  poss- 
ibly  faulted  conditions  of  feedline  and  steamline 
breaks  impose  a  load  on  the  tube  support  plate. 
The  load  handling  capability  of  the  tube  support 
plate  is  dependent  upon  its  thickness  and,  in  turn, 
upon  the  area  of  that  section  taken  between  the 
tube  openings.  Tube  support  plates  of  the  prior 
art  have  been  thickened  to  increase  their  load 
handling  capacity.  However,  the  ease  of  inserting 
the  tubes  through  their  corresponding  openings 
is  related  to  the  thickness  of  the  tube  support 
plate.  As  the  thickness  of  tube  support  plate 
increases,  the  ease  of  inserting  the  tubes  there- 
through  increases,  thus  necessitating  an  increase 
in  the  diameter  of  the  tube  holes  and,  in  particu- 
lar,  the  clearances  between  the  tube  holes  and  the 
tubes.  However,  increasing  the  clearances  has  a 
direct,  negative  effect  on  tube  vibration  and  the 
expected  life  of  the  tubes.  If  the  tubes  are  per- 
mitted  to  vibrate  their  exterior  surfaces  will  begin 
to  wear  and  scar.  Eventually,  tube  vibration  will 
cause  wear  through  the  walls  of  the  tubes  permit- 
ting  the  primary  water  circulating  therethrough  to 
leak  into  the  secondary  side  of  the  steam 
generator  and  eventually  to  the  turbine  generator. 

Tube  support  plates  of  the  prior  art  are  also 
subject  to  dry  out  or  vapor  blanketing  at  the  area 
of  contact  between  the  tubes  and  the  tube 
support  plate.  Contaminants  in  the  secondary 
water  tend  to  collect  at  the  contact  areas  between 
the  tubes  and  the  tube  support  plate  and  the 
contaminants  buildup  at  the  contact  areas 
corrode  and  weaken  the  tube  walls. 

The  contact  areas  between  the  tubes  and  the 
tube  support  plate  tend  to  be  hot  with  respect  to 
the  surrounding  environment,  noting  the  direct 
contact  of  the  support  plate  with  the  tubes  and  the 
high  temperature  primary  water  passing  there- 
through.  The  secondary  water  circulating  in  the 
steam  generator  tends  to  dissipate  this  heat  if  it  is 
permitted  to  flow  directly  about  the  contact  areas. 
However,  fine  particles  of  magnetite  formed  at 
the  relatively  high  temperatures  within  the  feed- 
water  and  circulating  secondary  water  tend  to 
collect  and  buildup  sludge  patches  about  the  tube 
openings  and,  in  particular,  the  contact  areas, 
thus  preventing  the  secondary  water  direct  access 
to  the  contact  areas  and  the  dissipation  of  heat 
therefrom.  As  the  sludge  patches  buildup,  heat 
removal  at  the  contact  areas  is  prevented  thus 
leading  to  dry  out  and  corrosion  of  the  contact 
areas. 

It  is  therefore  the  principal  object  of  this  inven- 

tion  to  avoid  the  corrosion  of  steam  generator 
tubes  and,  thereby,  improve  steam  generator  life 
and  furthermore,  to  improve  the  insertability  of 
tubes  through  the  support  plate. 

5  With  this  object  in  view,  the  present  invention 
resides  in  a  tube  support  plate  for  supporting  a 
plurality  of  tubes  in  a  nuclear  steam  generator, 
said  support  plate  having  a  given  thickness  and  a 
plurality  of  holes  extending  therethrough  and 

10  arranged  in  a  given  array,  each  of  said  holes 
having  an  axis,  an  interior  surface  and  a  plurality 
of  lands  projecting  radially  inwardly  from  said 
interior  surface  and  having  contact  surfaces  at 
their  inner  ends  for  supporting  said  tubes.  Such  a 

15  tube  support  plate  is  known  by  US  —  A—  4204305. 
The  lands  shown  in  said  publication  have  a  length 
corresponding  to  the  full  thickness  of  the  plate 
which  is  much  more  than  necessary  for  appro- 
priate  tube  support  and  reduces  the  area  of  the 

20  tubes  which  is  exposed  to  the  heat  transfer  fluid 
thereby  creating  unnecessary  hot  spots.  There- 
fore  according  to  the  invention  said  lands  are 
tapered  at  least  at  one  of  their  ends  so  as  to  form 
a  conical  guide  structure  from  said  interior  sur- 

25  face  to  said  contact  surface  thereby  facilitating  the 
insertion  of  a  tube  through  said  hole  and  that 
each  of  said  lands  has  a  certain  height  taken  along 
said  axis  less  than  said  given  thickness  but  suffi- 
cient  to  provide  adequate  support  of  said  tubes 

30  without  denting  said  tubes. 
The  invention  will  become  more  readily 

apparent  from  the  following  description  of  a 
preferred  embodiment  thereof  shown,  by  way  of 
example  only,  in  the  accompanying  drawings, 

35  wherein: 
Figure  1  is  a  perspective  view  of  a  nuclear 

steam  generator  including  a  tube  support  plate  in 
accordance  with  the  teachings  of  this  invention; 

Figure  2  is  a  plan,  partial  view  of  the  tube 
40  support  plate  as  generally  shown  in  Figure  1  ;  and 

Figures  3  and  5  are  respectively  a  plan  view  of  a 
tube  hole  through  the  tube  support  plate  in  an 
intermediate  state  of  manufacture  and  a  plan 
view  of  a  tube  hole  as  completed,  whereas, 

45  Figures  4  and  6  are  sectioned  views  taken  along 
lines  4  —  4  and  6  —  6  of  Figures  3  and  5,  respec- 
tively. 

A  nuclear  steam  generator  10  is  shown  in 
Figure  1  of  the  attached  drawings,  as  comprising 

so  a  bundle  of  a  large  number  of  vertically  orientated 
U-shaped  tubes  30.  The  tubes  30  are  disposed  in  a 
lower,  cylindrically  shaped  shell  12  of  the  steam 
generator  10,  whose  bottom  end  is  associated 
with  a  primary  coolant  plenum  or  channel  head 

55  16,  typically  of  a  hemispherical  configuration  as 
shown  in  Figure  1.  The  channel  head  16  is  divided 
by  a  partition  22  into  a  first  half  typically  known  as 
a  hot  leg  18,  and  a  second  half  typically  known  as 
a  cold  leg  20.  High-temperature  primary  water 

60  from  a  nuclear  reactor  is  introduced  into  the 
steam  generator  10,  through  a  primary  inlet  24 
into  the  hot  leg  18.  The  primary  water  passes 
from  the  hot  leg  18  into  the  exposed  openings  of 
the  plurality  of  U-shaped  tubes  30,  flows  through 

65  the  tubes  to  be  introduced  into  the  cold  leg  20, 
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md  finally,  exits  from  the  steam  generator  10 
:hrough  a  primary  outlet  26. 

Opposite  ends  of  the  U-shaped  tubes  30  are 
nounted  within  a  tube  sheet  28  in  communica- 
:ion  with  the  hot  leg  18  and  the  cold  leg  20, 
•espectiveiy.  A  wrapper  14  surrounds  the  bundle 
sf  U-shaped  tubes  30.  In  Figure  1,  a  part  of  the 
wrapper  14  is  broken  away  to  show  one  of  a 
Dlurality  of  tube  support  plates  32.  It  is  under- 
stood  that  the  other  tube  support  plates  32  are 
disposed  above  the  illustrated  plate  and  in  paral- 
el  relationship  thereto  to  support  the  bundle  of 
tubes  30  in  a  manner  to  inhibit  vibration  induced 
oy  the  secondary  water  circulating  through  the 
steam  generator  10. 

The  tube  support  plate  32,  is  more  fully  shown 
in  Figures  2,  5  and  6.  The  tube  support  plate  32 
includes  a  plurality  of  tube  holes  34  disposed  at 
the  intersecting  points  of  a  regular  grid  formed  by 
ines  disposed  perpendicular  to  each  other.  Each 
tube  hole  34  is  separated  from  an  adjacent  tube 
hole  34  by  a  ligament  38  of  substantially  uniform 
;ross-sectional  area.  As  illustrated  in  Figure  2,  the 
ligaments  38  are  aligned  with  the  lines  of  the 
regular  grid  to  provide  improved  load  handling 
capability  for  withstanding  seismic  loadings.  In 
particular,  the  ligaments  38  are  aligned  of  each 
other  to  form  columns  running  parallel  to  the 
lines  of  the  grid,  thus  providing  a  tube  support 
structure  of  improved  strength  as  compared  with 
plates  with  non-aligned  ligaments. 

Each  tube  hole  34  has  a  plurality  of  lobes  40a,  b, 
c  and  d  separated  from  each  other  by  a  like 
number  of  lands  36a,  b,  c  and  d.  Each  land  36 
extends  from  an  inner  surface  37  toward  a  central 
axis  of  the  hole  34  and  presents  a  generally  flat 
contact  area  42  facing  the  hole  axis.  Each  of  the 
lands  36a,  b,  c  and  d  has  its  own  contact  area  42a, 
b,  c  or  d,  respectively.  The  contact  areas  42  are 
those  portions  of  the  lands  36  making  contact 
with  the  tube  30,  which  is  shown  in  dotted  lines  in 
Figures  5  and  6. 

As  best  illustrated  in  Figure  6,  each  tube  hole  34 
has  a  major  or  enlarged  portion  34a  and  a  minor 
or  constricted  portion  34c,  separated  by  a  transi- 
tion  or  tapered  portion  34b.  The  lands  36  are 
removed  from  the  enlarged  portion  34a  of  the 
tube  holes  34  and  extend  the  length  of  the 
constricted  portion  34c  as  taken  along  the  hole 
axis.  Each  land  36  terminates  at  its  top-most  end 
with  its  tapered  portion  34b.  Thus  as  shown  in 
dotted  lines  in  Figure  6,  it  is  seen  that  as  a  leading 
end  of  a  tube  30  is  inserted  into  the  enlarged 
portion  34a,  it  engages  the  tapered  portions  34b 
of  the  lands  36,  thus  directing  the  tube  30  into  and 
through  the  restricted  portion  34c.  In  the  embodi- 
ment  shown  in  Figure  6,  the  tube  support  plate  32 
is  disposed  so  that  the  enlarged  portion  34a  is 
aligned  toward  the  top  of  the  steam  generator  1  0. 
Noting  that  the  water  circulates  upwardly  through 
the  tube  holes  34  of  the  support  plate  32,  a  further 
embodiment  of  this  invention  contemplates  that 
the  orientation  of  the  tube  support  plate  32  be 
reversed  and  the  enlarged  portion  34a  be  dis- 
posed  downwardly  to  the  end  that  water  circula- 

tion  through  the  tube  holes  ana,  tnus,  siuage 
removal  may  be  improved.  As  illustrated  in  Fig- 
ures  2,  5  and  6,  the  outer  diameter  of  the  tubes  30 
is  of  substantially  the  same  inner  diameter  as 

5  presented  by  the  contact  areas  42  of  the  lands  36, 
whereby  the  diametral  clearances  between  the 
tubes  30  and  the  contact  areas  42  of  the  lands  36 
may  be  significantly  reduced.  Thus,  the  degree  of 
tube  vibration  is  significantly  reduced  and  tube 

w  life  improved. 
Referring  now  to  Figures  3,  4,  5  and  6,  a 

preferred  method  of  forming  the  tube  holes  34 
within  the  tube  support  plate  32  will  be  described. 
The  first  step  is  a  drilling  operation  with  a  step- 

15  ped-diameter  drill.  An  upper  portion  of  the  drill  is 
of  a  relatively  large  diameter  corresponding  to  the 
enlarged  portion  of  34a  of  the  tube  hole  34,  and  a 
lower  portion  is  of  reduced  diameter  corre- 
sponding  to  the  constricted  portion  34c.  A  taper 

zo  exists  between  the  upper  and  lower  portions  of 
the  drill,  in  an  illustrative  embodiment  of  this 
invention,  the  upper  portion  of  the  drill  is  23.37/ 
23.12  mm  in  diameter  and  the  lower  portion  of  the 
drill  is  19.30/19.10  mm  in  diameter;  a  \  inch  (6,35 

25  mm)  taper  exists  between  the  upper  and  lower 
drill  portions.  The  first,  drilling  operation  forms  an 
initial  opening  34'  in  the  tube  support  plate  32  as 
shown  in  Figures  3  and  4.  The  upper  portion  of 
the  drill  makes  an  opening  34'a  of  a  relatively 

30  large  diameter,  whereas  the  lower  portion  of  the 
drill  makes  an  opening  34'c  of  a  lesser  diameter. 
The  openings  34'a  and  34'c  are  separated  by  a 
tapered  portion  34'b.  The  upper,  larger  diameter 
drill  removes  a  significant  amount  of  material, 

35  which  would  normally  have  to  be  removed  by  a 
subsequent  operation,  but  leaves  intact  the 
straight,  load  carrying  portion  of  the  ligaments  38 
separating  the  tube  holes  34.  Next,  the  holes  34 
are  broached,  whereby  the  lobes  40a,  b,  c  and  d 

40  are  formed  with  the  lands  36a,  b,  c  and  d  disposed 
therebetween.  In  an  illustrative  embodiment  of 
this  invention,  the  broach  may  be  dimensioned  to 
provide  openings  34  having  a  diagonal 
measurement  of  27.94/27.75  mm  and  a  side 

45  measurement  of  19.50/19.30  mm.  Finally,  the 
contact  areas  42a,  b,  c  and  d  are  finished  by  wire 
brushing. 

Thus  there  has  been  shown  a  new  and 
improved  tube  support  plate  that  overcomes  the 

so  significant  problems  of  the  prior  art.  First,  the 
length  of  the  lands  36  as  taken  along  the  hole  axis 
and  their  contact  areas  42  is  reduced.  The  reduced 
length  of  the  lands  36,  as  well  as  the  use  of  the 
tapered  portions  34b,  facilitates  the  ease  with 

55  which  tubes  30  may  be  disposed  within  the  tube 
holes  34,  as  explained  above.  The  ease  of  tube 
insertability  is  not  provided  at  the  expense  of  the 
structural  strength  of  the  tube  support  plate  32, 
which  is  maintained  at  a  relatively  large  thickness 

60  as  taken  along  the  hole  axis,  whereby  the  loading 
capacity  as  dependent  on  the  cross-sectional  area 
of  the  ligaments  38  is  kept  relatively  great.  Fur- 
ther,  the  reduction  in  the  land  length  permits  a 
decrease  of  the  diametral  clearances  between  the 

65  tubes  and  the  holes  of  the  tube  support  plate, 
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whereby  tube  vibration  is  decreased  and 
sxpected  tube  life  increased.  As  an  additional 
aenefit,  the  reduction  of  the  land  length  confines 
the  stream  or  flow  of  secondary  water  through 
sach  of  the  tube  holes,  whereby  the  flow  region 
downstream  or  below  the  lands,  as  seen  in  Figure 
3,  is  confined  and  the  velocity  of  the  water  flow 
3bout  the  contact  areas  between  the  tubes  and 
the  tube  support  plate  is  increased,  thus  prevent- 
ing  the  buildup  of  sludge  deposition  and  vapor 
blanketing;  as  a  result,  tube  corrosion  is  reduced 
and  tube  life  further  extended. 

Claims 

1.  A  tube  support  plate  (32)  for  supporting  a 
plurality  of  tubes  (30)  in  a  nuclear  steam 
generator  (10),  said  support  plate  (32)  having  a 
given  thickness  and  a  plurality  of  holes  (34) 
extending  therethrough  and  arranged  in  a  given 
array,  each  of  said  holes  (34)  having  an  axis,  an 
interior  surface  and  a  plurality  of  lands  (36) 
projecting  radially  inwardly  from  said  interior 
surface  and  having  contact  surfaces  (42)  at  their 
inner  ends  for  supporting  said  tubes  (30),  charac- 
terized  in  that  said  lands  (36)  are  tapered  at  least 
at  one  of  their  ends  (34b)  so  as  to  form  a  conical 
guide  structure  from  said  interior  surface  to  said 
contact  surface  thereby  facilitating  the  insertion 
of  a  tube  (30)  through  said  hole  (34)  and  that  each 
of  said  lands  (36)  has  a  certain  height  taken  along 
said  axis  less  than  said  given  thickness  but  suffi- 
cient  to  provide  adequate  support  of  said  tubes 
(30)  without  denting  said  tubes  (30). 

2.  A  tube  support  plate  as  claimed  in  claim  1, 
wherein  said  given  array  includes  first  and  second 
lines  disposed  perpendicular  to  and  intersecting 
each  other  to  form  points  of  intersection,  said 
holes  (34)  being  disposed  at  said  points  of  inter- 
section  so  as  to  form  a  rectangular  array,  charac- 
terized  in  that  each  of  said  lands  (36)  is  disposed 
within  its  hole  (34)  so  as  to  lie  immediately 
adjacent  a  land  of  an  adjacent  tube  hole  (34)  as 
taken  along  one  of  said  first  and  second  lines. 

Patentanspriiche 

1.  Eine  Halteplatte  (32)  zum  Abstutzen  einer 
Vielzahl  von  Rohren  (30)  in  einem  nuklearen 
Dampferzeuger  (10),  wobei  die  Halteplatte  (32) 
von  vorgegebener  Dicke  ist  und  eine  Vielzahl  von 
Durchtrittsoffnungen  (34)  in  bestimmter  Anord- 
nung  aufweist  und  jede  Durchtrittsoffnung  (34) 
eine  Achse  und  eine  innere  Oberflache  mit  einer 
Mehrzahl  von  radial  nach  innen  gerichteten  Vor- 
sprungen  (36)  mit  Kontaktflacher  (42)  zum  Abstut- 
zen  der  Rohre  (30)  an  ihren  inneren  Ende  auf- 
weist,  dadurch  gekennzeichnet,  dass  die  Vor- 
spriinge  wenigstens  an  einem  ihrer  Enden  (34b) 

abgeschragt  sind,  sodass  sie  eine  konische  Leit- 
anordnung  von  der  inneren  Oberflache  der 
Durchtrittsoffnung  (36)  zu  den  Kontaktflachen  (42) 
bilden,  welche  das  Einfiihren  eines  Rohres  (30)  in 

5  die  Durchstrittsoffnung  (34)  erleichtert,  und  dass 
jeder  der  Vorspriinge  (36)  eine  gegebene  axiale 
Lange  unter  der  Dicke  der  Halteplatte  (32)  auf- 
weist,  die  aber  zur  Abstutzung  der  Rohre  (30) 
ohne  deren  Einbeulung  ausreichend  ist.- 

10  2.  Eine  Halteplatte  nach  Anspruch  1,  wobei  die 
bestimmte  Anordnung  erste  und  zweite  senkrecht 
einander  verlaufende  und  sich  uberschneidende 
Linien  aufweist  und  die  Durchtrittsoffnungen  (34) 
an  den  Schnittpunkten  der  Linien  d.h.  rechteckig 

15  ausgerichtet  angeordnet  sind,  dadurch  gekenn- 
zeichnet,  dass  die  Vorspriinge  (36)  in  den  Durch- 
trittsoffnungen  (34)  nach  den  ersten  und  zweiten 
Linien  ausgerichtet  sind,  sodass  die  Vorspriinge 
(36)  benachbarter  Durchtrittsoffnungen  (34)  mit- 

20  einander  ausgerichtet  sind. 

Revendications 

1.  Plaque  support  (32)  de  tubes  pour  supporter 
25  une  pluralite  de  tubes  dans  un  generateur  (10) 

nucleaire  de  vapeur,  ladite  plaque  support  (32) 
ayant  une  epaisseur  donnee  et  une  pluralite  de 
trous  (34)  qui  s'etendent  a  travers  celle-ci  et  sont 
disposes  en  un  ensemble  donne,  chacun  desdits 

30  trous  (34)  ayant  un  axe,  une  surface  interne  et  une 
pluralite  de  parties  plates  (36)  qui  font  radiale- 
ment  saillie  vers  I'interieur  depuis  ladite  surface 
interne  et  qui  ont  a  leurs  extremites  interieures 
des  surfaces  de  contact  (42)  pour  supporter  les 

35  tubes  (30),  caracterise  en  ce  que  les  parties  plates 
(36)  sont  coniques  au  moins  a  une  de  leurs 
extremites  (34b)  de  facon  a  former  une  structure 
conique  de  guidage  depuis  ladite  surface  interne 
jusqu'a  ladite  surface  de  contact  en  facilitant 

40  grace  a  cela  I'introduction  d'un  tube  (30)  a  travers 
le  trou  (34),  et  en  ce  que  chacune  des  parties 
plates  (36)  a  une  certaine  hauteur  qui,  prise  sur 
I'axe,  est  inferieure  a  ladite  epaisseur  donnee 
mais  suffit  pour  assurer  un  soutien  approprie  des 

45  tubes  (30)  sans  deformer  les  tubes  (30). 
2.  Plaque  support  de  tubes  selon  la  revendica- 

tion  1,  dans  laquelle  ledit  ensemble  donne  com- 
prend  une  premiere  et  une  seconde  lignes  dis- 
posers  perpendiculairement  I'une  a  I'autre  et  se 

so  croisant  mutuellement  pour  former  des  points 
d'intersection,  lesdits  trous  (34)  etant  disposes  a 
ces  points  d'intersection  de  facon  a  former  un 
ensemble  rectangulaire,  caracterise  en  ce  que 
chacune  desdites  parties  plates  (36)  est  disposee 

55  a  I'interieur  du  son  trou  (34)  de  fagon  a  etre  situee 
juste  a  cote  d'une  partie  plate  d'un  trou  (34) 
adjacent  pour  tube  vu  sur  I'une  desdites  premiere 
et  seconde  lignes. 
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