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©  Banded  electromagnetic  stator  core. 

©  A  stator  core  28  for  an  electromagnetic  pump 
10  includes  a  plurality  of  circumferentially  ad- 
joining  groups  50  of  flat  laminations  52  dis- 
posed  about  a  common  centerline  axis  54  and 
collectively  defining  a  central  bore  58  and  a 
discontinuous  outer  perimeter  60,  with  adjacent 
groups  50  diverging  radially  outwardly  to  form 
V-shaped  gaps  62.  An  annular  band  66  sur- 
rounds  the  groups  50  and  is  predeterminedly 
tensioned  to  clamp  together  the  laminations  52, 
and  has  a  predetermined  flexibility  in  a  radial 
direction  to  form  substantially  straight  bridge 
sections  66a  between  the  adjacent  groups  50. 
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The  present  invention  relates  generally  to  elec- 
tromagnetic  pumps,  and,  more  specifically,  to  electri- 
cal  stators  therein. 

BACKGROUND  OF  THE  INVENTION 

In  one  type  of  nuclear  reactor  power  plant,  liquid 
metal,  such  as  liquid  sodium,  is  used  for  the  coolant 
which  is  heated  by  the  reactor  core.  The  liquid  metal 
is  circulated  within  the  reactor  by  a  plurality  of  annular 
linear-flow  electromagnetic  induction  pumps  which 
propel  the  liquid  metal  using  electromagnetic  force. 

A  typical  electromagnetic  pump  includes  an  an- 
nular  flow  channel  or  duct  surrounded  by  a  column  of 
alternately  vertically  stacked  annular  electrical  stator 
coils  and  magnetic  stator  iron  cores  collectively  form- 
ing  a  stator.  Electrical  current  carried  by  the  coils  in- 
duces  magnetic  flux  which  is  channeled  through  the 
cores  in  a  predetermined  direction  for  inductively  pro- 
pelling  the  liquid  metal  through  the  flow  channel. 

An  electromagnetic  pump  may  have  solely  a  sin- 
gle  stator  surrounding  the  outside  of  the  flow  channel 
for  propelling  the  liquid  metal  therethrough.  Or,  an 
electromagnetic  pump  may  have  double  stators  in- 
cluding  an  outer  stator  surrounding  the  flow  channel, 
and  an  inner  stator  disposed  radially  inwardly  of  the 
flow  channel.  Each  stator  is  similarly  configured  with 
alternating  layers  of  stator  coils  supported  by  stator 
cores.  Since  the  double  stator  electromagnetic  pump 
is  effective  for  generating  magnetic  flux  both  radially 
inwardly  and  radially  outwardly  of  the  flow  channel,  it 
is  typically  more  effective  for  propelling  the  liquid  met- 
al  axially  through  the  flow  channel. 

In  both  types  of  pumps,  the  stator  coils  typically 
include  a  plurality  of  turns  or  windings  of  copper  elec- 
trical  conductors  disposed  coaxially  about  the  longi- 
tudinal  centerline  axis  of  the  pump.  The  alternating 
stacks  of  stator  coils  are  supported  on  respective  sta- 
tor  cores,  with  each  stator  core  including  a  plurality  of 
circumferentially  adjoining  iron  laminations.  The  lam- 
inations  are  typically  flat,  sheet  metal  components 
which  are  relatively  thin  for  reducing  eddy  current 
losses  therein.  Since  the  laminations  are  a  constant 
thickness  and  extend  radially  outwardly  from  the 
pump  centerline  axis,  they  can  tightly  abut  each  other 
at  their  radially  inner  ends,  but  at  their  radially  outer 
ends  a  larger  circumference  is  provided  than  the  lam- 
inations  have  the  capability  of  filling.  Accordingly,  the 
laminations  are  typically  configured  in  groups  having 
a  constant  thickness  in  the  circumferential  direction, 
with  generally  V-shaped  gaps  being  formed  between 
adjacent  ones  of  the  groups. 

Since  the  laminations  are  individual  elements 
and  subject  to  vibration  during  operation  of  the  pump, 
they  must  be  suitably  clamped  together  to  restrain  vi- 
bration  thereof.  For  example,  the  laminations  may  be 
fixedly  joined  to  each  other  by  a  suitable  adhesive,  or 
may  be  joined  together  in  the  groups  by  suitable 

mechanical  fasteners,  or  may  also  be  joined  together 
using  a  band  or  wire  extending  circumferentially 
around  the  outer  ends  of  the  groups,  which  band  is 
placed  in  tension  to  clamp  together  the  several 

5  groups  in  a  complete  ring  as  disclosed  for  example  in 
US  Patent  4,882,514  -  Brynsvold  et  al,  which  is  as- 
signed  to  the  present  assignee. 

In  one  design  being  developed,  the  band  is  a  sub- 
stantially  360°  ring  having  a  single  split  defining  two 

10  ends  which  are  generally  L-shaped  with  radially  out- 
wardly  extending  flanges  through  which  a  nut  and  bolt 
fastener  is  provided  to  clamp  together  the  band  ends 
to  place  the  band  in  tension  for  clamping  together  the 
several  lamination  groups.  In  tests  of  this  clamping 

15  band  design,  the  ability  to  maintain  adequate  tight- 
ness  in  the  band  for  suitably  clamping  together  the 
lamination  groups  was  obtained  only  after  repeated 
shake-down  cycles  of  tightening  the  fastener,  heating 
and  maintaining  the  so  assembled  stator  core  at  ele- 

20  vated  temperature  for  about  a  week,  followed  by  cool- 
down  to  a  hot  standby  condition  and  repeating  this  cy- 
cle. 

The  tests  suggested  that  the  initial  band  tension 
was  being  lost  in  cycling  of  the  stator  core  due  in  part 

25  to  the  eccentrically  loaded  fastener;  relatively  high 
friction  between  the  band  and  the  outer  edges  of  the 
individual  laminations  which  affected  the  ability  to 
maintain  uniform  tension  around  the  circumference  of 
the  band  and  a  uniform  conformance  of  the  band  to 

30  the  perimeter  contourof  the  lamination  groups  around 
the  circumference  of  the  band;  and  thermal  expan- 
sion  of  the  lamination  groups  which  exceeded  expan- 
sion  of  the  clamping  band  which  loosened  the  band 
upon  thermal  contraction  of  the  lamination  groups, 

35  with  the  initial  circular  configuration  of  the  band  upon 
assembly  being  distorted  by  the  differential  thermal 
expansion  between  the  lamination  groups  and  the 
band. 

The  ability  to  maintain  a  suitable  tension  in  the 
40  band  during  operation  of  the  stator  core  in  the  elec- 

tromagnetic  pump  is  required  to  maintain  structural 
integrity  of  the  stator  core  during  its  useful  lifetime 
while  restraining  vibration  thereof.  Since  the  stator 
cores  will  necessarily  undergo  cycling  from  relatively 

45  low  to  relatively  high  temperatures  during  operation  in 
response  to  cyclical  operation  of  the  reactor  core  it- 
self,  a  suitable  band  clamp  which  can  maintain  ade- 
quate  tension  therein  and  clamping  together  of  the 
lamination  groups  is  required. 

50 
Summary  of  the  Invention 

A  stator  core  for  an  electromagnetic  pump  in- 
cludes  a  plurality  of  circumferentially  adjoining  groups 

55  of  flat  laminations  disposed  about  a  common  center- 
line  axis  and  collectively  defining  a  central  bore  and 
a  discontinuous  outer  perimeter,  with  adjacent  groups 
diverging  radially  outwardly  to  form  V-shaped  gaps. 
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An  annular  band  surrounds  the  groups  and  is  prede- 
termined^  tensioned  to  clamp  together  the  lamina- 
tions,  and  has  a  predetermined  flexibility  in  a  radial 
direction  to  form  substantially  straight  bridge  sections 
between  the  adjacent  groups. 

Brief  Description  of  the  Drawings 

The  invention,  in  accordance  with  preferred  and 
exemplary  embodiments,  together  with  further  ob- 
jects  and  advantages  thereof,  is  more  particularly  de- 
scribed  in  the  following  detailed  description  taken  in 
conjunction  with  the  accompanying  drawings  in 
which: 

Figure  1  is  an  elevation,  schematic  representa- 
tion  of  an  exemplary  double  stator  electromagnetic 
pump  having  an  outer  stator  in  accordance  with  one 
embodiment  of  the  present  invention. 

Figure  2  is  a  transverse  sectional  view  through 
the  pump  illustrated  in  Figure  1  taken  along  line  A-A 
which  illustrates  only  the  outer  stator  in  accordance 
with  one  embodiment  of  the  present  invention. 

Figure  3  is  a  perspective  view  of  a  portion  of  the 
outer  stator  illustrated  in  Figure  2  showing  an  annular 
band  surrounding  a  plurality  of  lamination  groups. 

Figure  4  is  a  perspective  view  of  a  portion  of  the 
outer  stator  illustrated  in  Figure  2  illustrating  an  ex- 
emplary  fastener  colinearly  joining  together  opposing 
ends  of  the  band. 

Figure  5  is  a  sectional  view  through  the  band  fas- 
tener  illustrated  in  Figure  4  taken  along  line  5-5. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT(S) 

Illustrated  schematically  in  Figure  1  is  an  exem- 
plary  double  stator,  annular,  linear  flow,  electromag- 
netic  induction  pump  10  configured  for  propelling  a 
liquid  metal  such  as  liquid  sodium  therethrough.  The 
pump  10  includes  a  cylindrical  housing  12  surround- 
ing  a  central  support  post  14.  The  pump  10  also  in- 
cludes  an  annular  flow  channel  or  duct  16  for  magnet- 
ically  impelling  the  liquid  metal  therethrough  which  is 
defined  by  an  annular  outer  flow  conduit  1  8  and  a  ra- 
dially  inwardly  spaced,  concentric,  annular  inner  flow 
conduit  20.  An  inlet  22  is  provided  at  the  bottom  of  the 
flow  channel  16  for  receiving,  the  liquid  metal,  and  an 
outlet  24  is  provided  at  the  top  of  the  flow  channel  16 
for  discharging  the  liquid  metal  therefrom. 

The  pump  10  further  includes  an  annular  outer 
stator  26  surrounding  the  outer  conduit  18  within  the 
housing  12.  The  outer  stator  26  includes  a  plurality  of 
alternately  stacked  annular  outer  stator  cores  28  and 
annular  outer  stator  coils  30.  The  outer  coils  30  con- 
ventionally  include  a  plurality  of  turns  or  windings  of 
electrical  conductors  of  copper  strips  or  ribbons,  for 
example,  which  are  suitably  electrically  insulated. 
The  pump  1  0  also  includes  a  similar  annular  inner  sta- 

tor  40  having  alternately  stacked  annular  inner  coils 
42  and  annular  inner  cores  48.  The  respective  outer 
and  inner  coils  30,  42  are  configured  to  carry  electri- 
cal  current  which  induces  electromagnetic  flux  in  the 

5  respective  outer  and  inner  cores  28,  48  which  impels 
the  liquid  metal  upwardly  through  the  flow  channel  16 
from  the  inlet  22  for  discharge  through  the  outlet  24 
as  is  conventionally  known. 

Figure  2  illustrates  in  more  particularity  an  exem- 
10  plary  one  of  the  outer  stator  cores  28  in  accordance 

with  an  exemplary  embodiment  of  the  present  inven- 
tion.  The  outer  core  28  includes  a  plurality  of  circum- 
ferentially  adjoining  groups  50  of  flat  iron  laminations 
52  disposed  about  a  common  centerline  axis  54, 

15  which  is  also  the  centerline  axis  of  the  pump  1  0.  Each 
lamination  52  is  preferably  a  conventional  sheet  metal 
component  having  a  constant,  relatively  thin  thick- 
ness  for  reducing  eddy  current  losses  during  opera- 
tion.  The  laminations  52  are  conventionally  joined  in 

20  the  groups  50,  with  each  group  50  also  having  a  con- 
stant  thickness  in  the  circumferential  direction  rela- 
tive  to  the  centerline  axis  54,  with  the  individual  lam- 
inations  52  being  joined  in  abutting  contact  with  each 
other  by  a  suitable  adhesive,  or  by  mechanical  fasten- 

25  ers  56  such  as  the  nuts  and  bolts  illustrated. 
The  laminations  52  have  radially  inner  ends  52a 

which  collectively  define  an  annular  central  bore  58 
having  an  inner  diameter  Dj,  and  radially  outer  ends 
52b  which  collectively  define  a  discontinuous  annular 

30  outer  perimeter  60  having  an  outer  diameter  D0.  Since 
the  circumference  of  the  outer  core  28  at  the  perime- 
ter  60  is  necessarily  larger  than  the  circumference  at 
the  bore  58,  and  since  the  laminations  52  and  groups 
50  have  constant  thicknesses,  adjacent  ones  of  the 

35  groups  50  necessarily  diverge  radially  outwardly  from 
each  other  at  an  acute  angle  A  therebetween  to  form 
a  V-shaped  gap  62  between  respective  ones  of  the 
adjacent  groups  50. 

In  the  exemplary  embodiment  illustrated  in  Fig- 
40  ure  2,  the  outer  core  28  preferably  also  includes  a  cir- 

cular  support  ring  64  disposed  coaxially  in  the  bore  58 
for  providing  an  outer  flow  boundary  of  the  flow  duct 
1  6  and  for  providing  a  form  about  which  the  groups  50 
at  the  lamination  inner  ends  52a  are  aligned  and  ra- 

45  dially  supported.  And,  an  annular  clamping  band  66  in 
accordance  with  one  embodiment  of  the  present  in- 
vention  is  disposed  coaxially  about  the  centerline  axis 
54  and  surrounds  the  groups  50  along  the  lamination 
outer  ends  52b.  The  band  66  is  predeterminedly  ten- 

50  sioned  to  effect  a  tangential  clamping  force  to  clamp 
together  the  laminations  52  in  each  of  the  groups  50, 
and  clamp  together  the  groups  50  at  the  bore  58  to  ef- 
fect  a  structurally  rigid  outer  core  28  and  restrain 
movement  of  the  individual  laminations  52  and  the 

55  groups  50  into  the  gaps  62.  By  suitably  tensioning  the 
band  66,  the  band  experiences  a  tensile  hoop  stress, 
with  radially  inwardly  directed  forces  being  channeled 
from  the  band  66  and  through  the  groups  50  into  the 
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ring  64  which  effects  a  circumferential  compressive 
hoop  stress  along  the  lamination  inner  ends  52a  as 
well  as  within  the  support  ring  64.  The  ring  64  may  or 
may  not  be  used  as  desired,  with  the  band  66  still  suit- 
ably  clamping  together  the  several  lamination  groups 
50  to  form  a  rigid  ring  assembly  thereof.  The  fasteners 
56  are  provided  for  suitably  clamping  together  the  re- 
spective  laminations  52  in  each  of  the  groups  50  at 
the  periphery  of  the  outer  core  28. 

Although  bands  have  been  developed  for  joining 
together  the  lamination  groups  50  as  described 
above,  such  development  bands  were  subject  to  ten- 
sion  release  during  cyclical  operation  of  the  outer  core 
28  as  it  thermally  expands  and  contracts  during  op- 
eration  in  the  pump  10.  In  one  design  developed,  i.e. 
such  as  in  the  Brynsvold  et  al  patent  referenced 
above,  a  circular  band  surrounds  the  laminations  and 
is  subject  to  plastic  deformation  during  thermal  ex- 
pansion  as  the  lamination  groups  50  expand  radially 
more  than  the  expansion  of  such  band,  which,  upon 
thermal  contraction,  results  in  a  reduction  and  possi- 
bly  loss  of  tension  in  the  band. 

However,  in  accordance  with  one  object  of  the 
present  invention,  the  band  66  is  suitably  configured 
for  retaining  adequate  tension  therein  during  thermal 
cyclical  operation  of  the  outer  core  28  as  it  expands 
and  contracts  during  operation. 

More  specifically,  the  band  66  preferably  has  a 
relatively  small  thickness  T  in  the  radial  direction  rel- 
ative  to  the  centerline  axis  54  for  providing  a  prede- 
termined  flexibility  thereof  in  the  radial  direction  rela- 
tive  to  the  centerline  axis  54  so  that  upon  initial  ten- 
sioning  of  the  band  66  it  forms  substantially  straight 
bridge  sections  66a  bridging  the  gaps  62  between  all 
the  adjacent  groups  52.  The  band  66,  however,  has  a 
suitable  cross-sectional  area  so  that  it  is  relatively 
stiff  in  the  circumferential  direction  around  the  outer 
core  28  for  effecting  the  predetermined  tension  there- 
in  without  plastic  deformation  thereof.  The  desired  ra- 
dial  flexibility  of  the  band  66  allows  the  band  66  to 
conform  to  the  arcuate  shape  of  the  groups  52  at  the 
lamination  outer  ends  52b  while  at  the  same  time 
forming  the  straight  bridge  section  66a  between  the 
adjacent  groups  50  which  results  in  a  shorter  circum- 
ferential  length  of  the  entire  band  66  around  the  peri- 
meter  60. 

If  the  band  66  is  not  sufficiently  flexible  in  the  ra- 
dial  direction,  it  will  initially  form  a  substantially  circu- 
lar  configuration  around  the  perimeter  60  as  indicated 
in  the  dashed  line  labeled  68,  which  circular  configur- 
ation  68  was  obtained  in  the  previous  development 
band.  For  example,  the  relatively  thin  band  66  in  ac- 
cordance  with  the  present  invention  may  have  a  thick- 
ness  of  about  36  mils  (0.9mm)  for  exemplary  stain- 
less  steel  material,  whereas  the  undesirably  rigid  de- 
velopment  band  effecting  the  circular  configuration 
68  had  a  thickness  of  about  80  mils  (2.0mm)  which  is 
about  twice  as  thick.  Visually,  the  as-installed  differ- 

ence  between  the  undesirable  circular  configuration 
68  and  the  desirable  straight-sided  bridge  sections 
66a  of  the  present  invention  is  barely  perceptible,  with 
the  latter  having  the  ability  to  maintain  tension  in  the 

5  band  66  during  thermal  expansion  and  contraction 
cycles  more  effectively  than  the  former. 

Since  the  band  66  is  preferably  relatively  thin,  it 
will  also  have  less  cross-sectional  moment  of  inertia 
and,  therefore,  results  in  reduced  bending  stresses 

10  along  its  radially  inner  and  radially  outer  surfaces. 
This  will  allow  the  band  66  to  more  readily  conform  to 
the  arcuate  contour  of  the  lamination  outer  ends  52b 
and  to  form  the  substantially  straight  bridge  sections 
66a  which  necessarily  require  bending  of  the  band  66 

15  at  the  juncture  between  the  end-most  laminations  52 
and  the  respective  gaps  62.  The  reduced  bending 
stresses  within  the  band  66  ensure  that  the  band  66 
is  suitably  flexible  for  following  these  preferred  con- 
tours  without  undesirable  plastic  deformation  of  the 

20  band  66  which  will  reduce  tension  in  the  band  66. 
The  initial  straight  bridge  sections  66a  are  prefer- 

red  since  the  resulting  length  of  the  band  66  for  a  giv- 
en  amount  of  tension  therein  is  less  than  the  length 
of  an  analogous  band  having  the  circular  conf  igura- 

25  tion  68.  Accordingly,  during  thermal  expansion  of  the 
outer  core  28,  the  bridge  sections  66a  are  already 
straight  and  in  tension  and  merely  elastically  extend 
without  the  radial  bending  component  which  would 
necessarily  occur  with  the  circular  configuration  68. 

30  In  this  way,  the  band  66  experiences  less  slackening 
than  can  occurfrom  the  fully  circular  configuration  68 
during  the  thermal  cycles,  and,  therefore,  loosening 
of  the  band  66  is  reduced. 

As  illustrated  in  more  particularity  in  Figure  3,  the 
35  several  outer  ends  52b  of  the  individual  laminations 

52  in  the  groups  50  are  disposed  side-by-side  which 
result  in  a  substantial  number  of  interfaces  between 
the  abutting  laminations  52  over  which  the  band  66 
must  slide  during  thermal  expansion  and  contraction 

40  of  the  outer  core  28.  Such  interfaces  may  lead  to  in- 
creased  friction  between  the  laminations  52  and  the 
band  66  disposed  in  sliding  contact  therewith.  Al- 
though  the  band  66  may  be  a  unitary,  complete  ring 
which  can  be  conventionally  shrink-f  itted  to  the  peri- 

45  meter  60  of  the  outer  core  28,  in  a  practical  embodi- 
ment,  one  or  more  fasteners  70  are  included  in  the 
band  66  as  illustrated  in  Figure  2  for  effecting  the  de- 
sired  amount  of  tension  therein.  Since  the  fasteners 
70  are  used  to  tension  the  band  66,  they  necessarily 

so  will  cause  the  band  66  to  slide  around  the  perimeter 
60  as  the  fasteners  70  are  tightened  to  decrease  the 
effective  length  of  the  band  66  to  generate  tension 
therein. 

Accordingly,  the  friction  developed  at  the  inter- 
55  faces  of  the  adjacent  laminations  52  as  described 

above  with  respect  to  Figure  3  can  lead  to  a  non-uni- 
formity  in  tension  throughout  the  band  66,  with  more 
tension  being  generated  closer  to  the  fasteners  70 

4 
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than  away  therefrom  around  the  perimeter  60  of  the 
outer  core  28  since  the  collective  friction  forces  in- 
crease  further  away  from  the  fasteners  70.  To  reduce 
this  friction,  the  outer  core  28  preferably  also  includes 
a  plurality  of  slip  or  slide  plates  72  in  the  form  of  elon- 
gate  bands  as  illustrated  in  Figure  3  which  are  dis- 
posed  between  respective  ones  of  the  groups  50  and 
the  band  66  for  allowing  the  band  66  to  slide  on  the 
slide  plates  72,  instead  of  directly  on  the  laminations 
52,  circumferentially  around  the  perimeter  60.  The 
slide  plates  72  may  be  formed  of  the  same  material, 
such  as  stainless  steel,  as  the  band  66  itself,  and 
since  the  slide  plates  72  are  continuous  and  relatively 
smooth  members  as  compared  to  the  discontinuous 
interfaces  formed  by  the  abutting  laminations  52,  fric- 
tion  between  the  band  66  and  the  laminations  52  will 
necessarily  be  reduced.  In  this  way,  as  the  fasteners 
70  illustrated  in  Figure  2  are  suitably  tightened,  ten- 
sion  in  the  band  66  will  be  more  uniformly  effected 
around  the  perimeter  60  of  the  outer  core  28  as  the 
band  66  elastically  stretches  and,  therefore,  slides 
circumferentially. 

In  the  preferred  embodiment  illustrated  in  Figure 
3,  each  of  the  groups  50  preferably  includes  a  U-shap- 
ed,  flat  bottomed  recess  74  which  extends  in  the  cir- 
cumferential  direction  in  the  lamination  outer  ends 
52b  which  is  sized  and  has  a  suitable  depth  to  receive 
therein  both  a  respective  one  of  the  slide  plates  72 
and  a  respective  portion  of  the  band  66  to  restrain  ax- 
ial  movement  thereof  while  allowing  circumferential 
movement  of  the  band  66  therein.  In  this  way,  neither 
the  slide  plate  72  nor  the  band  66  can  slip  axially  from 
the  lamination  outer  ends  52b,  with  the  circumferen- 
tial  movement  of  the  band  66  being  allowed  during 
thermal  expansion  and  contraction  of  the  outer  core 
28. 

Of  course,  various  additional  provisions  may  be 
provided  for  reducing  friction  between  the  band  66 
and  the  lamination  groups  50  such  as  suitable  con- 
ventional  friction  reducing  films,  coatings,  or  platings 
of  the  band  66  itself,  or  on  the  slide  plates  72,  or  in 
the  recesses  74  where  the  slide  plates  72  are  not  util- 
ized.  And,  the  band  66,  including  the  fasteners  70, 
may  be  initially  heated  at  assembly  for  providing  a 
shrink-f  it  of  the  band  60  around  the  perimeter  60  as 
the  band  60  cools  and  contracts  to  effect  more  uni- 
form  initial  tension  in  the  band  66.  The  fasteners  70 
may  then  be  used  to  adjust  the  tension,  if  desired,  or 
for  disassembling  the  band  66  if  required. 

The  band  66  may  include  a  single  fastener  70,  but 
a  plurality  of  fasteners  70  such  as  the  two  equidistant- 
ly  spaced  apart  fasteners  70  illustrated  in  Figure  2  are 
preferred  to  improve  the  uniformity  of  tension  gener- 
ated  in  the  band  66  around  the  perimeter  60  of  the 
outer  core  28.  As  shown  in  Figure  2,  the  two  fasteners 
70  are  preferably  disposed  1  80°  apart  to  improve  the 
uniformity  of  tension  within  the  band  66.  And,  the  fas- 
teners  70  are  preferably  also  disposed  between  ad- 

jacent  ones  of  the  groups  50  in  the  gaps  62  to  ensure 
suitable  access  for  tightening  the  fastener  70,  as  well 
as  for  ensuring  that  the  fastener  70  is  in-line  in  the 
band  66  to  minimize  elongation  of  the  band  66  during 

5  thermal  expansion  which  might  reduce  the  tension 
therein  after  repeated  thermal  cycles. 

More  specifically,  and  referring  to  Figures  4  and 
5,  the  band  66  is  preferably  split  to  form  first  and  sec- 
ond  opposing  ends  66b  and  66c,  and  the  fastener  70 

10  is  in  the  preferred  form  of  an  adjustable  turn  buckle 
which  joins  together  the  band  first  and  second  ends 
66b,  66c,  and  is  adjustable  to  draw  together  the  first 
and  second  ends  66b,  66c  to  generate  the  required 
tension  in  the  band  66  as  the  band  66  is  tightened 

15  around  the  perimeter  60  of  the  outer  core  28.  The  fas- 
tener  70  in  the  form  of  the  turnbuckle  preferably  in- 
cludes  a  tubular  sleeve  70a  suitably  threaded  to  a 
left-handed,  threaded  first  bolt  70b  and  a  right- 
handed,  threaded  second  bolt  70c  all  disposed  co- 

20  axially  orcolinearly  with  each  other  and  with  the  band 
66.  The  first  bolt  70b  is  suitably  fixedly  joined  to,  by 
welding  for  example,  and  extends  colinearly  from  the 
first  band  end  66b,  and  the  second  bolt  70c  is  suitably 
fixedly  joined  to,  by  welding  for  example,  and  extends 

25  colinearly  from  the  band  second  end  66c.  The  sleeve 
70a  has  internal  threads  at  opposite  ends  thereof 
which  are  complementary  to  the  threads  of  the  first 
and  second  bolts  70b,  70c  which  are  received  therein. 

The  sleeve  70a  has  the  external  form  of  a  hexa- 
30  gonal  nut  for  being  rotatable  by  a  suitable  wrench  (not 

shown)  for  drawing  together  the  first  and  second  bolts 
70b,  70c,  and  in  turn  the  band  first  and  second  ends 
66b,  66c  for  increasing  tension  in  the  band  66  as  de- 
sired.  The  sleeve  70a  is  rotatable  in  an  opposite  direc- 

35  tion  for  separating  the  first  and  second  bolts  70b,  70c 
to  decrease  tension  in  the  band  66.  Since  the  turn- 
buckle  70  is  preferably  directly  in-line  with  the  band 
66  itself,  it  too  forms  a  straight  section  in  one  of  the 
gaps  62  to  more  effectively  generate  tension  in  the 

40  band  66.  The  turnbuckle  70,  itself,  remains  straight 
within  its  respective  gap  62  between  adjacent  groups 
50,  and,  therefore,  the  fastener  70,  itself,  does  not 
contribute  to  any  slackening  in  the  band  66  during  the 
thermal  expansion  and  contraction  cycles  of  the  outer 

45  core  28,  as  can  occur  from  an  eccentrically  config- 
ured  fastener.  Each  of  the  several  fasteners  70  used 
in  the  band  66  are  preferably  similarly  configured  for 
joining  together  respective  intermediate  ends  formed 
at  the  several  locations  in  the  band  66  for  collectively 

so  tightening  the  band  66  during  initial  assembly.  The 
fasteners  70  are  preferably  tightened  simultaneously 
to  gradually  increase  tension  in  the  band  66  uniformly 
around  the  perimeter  60. 

While  there  have  been  described  herein  what  are 
55  considered  to  be  preferred  and  exemplary  embodi- 

ments  of  the  present  invention,  other  modifications  of 
the  invention  shall  be  apparent  to  those  skilled  in  the 
art  from  the  teachings  herein,  and  it  is,  therefore,  de- 
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sired  to  be  secured  in  the  appended  claims  all  such  therein  both  said  slide  plate  72  and  a  portion  of 
modifications.  said  band  66  to  restrain  axial  movement  thereof 

while  allowing  circumferential  movement  of  said 
band  66. 

Claims  5 
6.  A  core  according  to  claim  4  wherein  said  band  66 

1.  A  stator  core  28  for  an  electromagnetic  pump  10  includes  a  plurality  of  said  turnbuckles  70  equi- 
for  supporting  an  electrical  coil  30  comprising:  distantly  spaced  around  said  perimeter  60. 

a  plurality  of  circumferentially  adjoining 
groups  50  of  flat  laminations  52  disposed  about  10  7.  A  core  according  to  claim  4  wherein  said  turn- 
a  common  centerline  axis  54  and  collectively  de-  buckle  70  is  disposed  between  adjacent  ones  of 
fining  a  central  bore  58  at  radially  inner  ends  52a  said  groups  50  in  said  gap  62. 
thereof  and  a  discontinuous  outer  perimeter  60  at 
radially  outer  ends  52b  thereof,  adjacent  ones  of  8.  A  core  according  to  claim  4  further  comprising  a 
said  groups  50  diverging  radially  outwardly  at  an  15  ring  64  disposed  coaxially  in  said  bore  58  for 
acute  angle  therebetween  to  form  a  V-shaped  aligning  said  groups  50  at  said  lamination  inner 
gap  62;  and  ends  52a,  said  ring  64  being  in  compression  due 

an  annular  band  66  surrounding  said  to  said  tension  in  said  band  66. 
groups  50  along  said  outer  ends  52b,  said  band 
66  being  predeterminedly  tensioned  to  clamp  to-  20 
gethersaid  laminations  52  in  each  of  said  groups 
50,  and  said  band  66  being  predeterminedly  flex- 
ible  in  a  radial  direction  relative  to  said  centerline 
axis  to  form  substantially  straight  bridge  sections 
66a  bridging  said  gaps  62  between  said  adjacent  25 
groups  50. 

2.  A  core  according  to  claim  1  wherein  said  band  66 
includes: 

first  and  second  opposing  ends  66b,  66c;  30 
and 

a  fastener  70  joining  together  said  first  and 
second  ends  66b,  66c  and  being  adjustable  to 
draw  together  said  first  and  second  ends  66b, 
66c  to  generate  said  tension  in  said  band  66.  35 

3.  Acore  according  to  claim  2  wherein  said  fastener 
70  comprises  a  turnbuckle  including  a  left- 
handed  first  bolt  70b  extending  colinearly  from 
said  band  first  end  66b,  a  right-handed  second  40 
bolt  70c  extending  colinearly  from  said  band  sec- 
ond  end  66c,  and  a  tubular  sleeve  70a  having  in- 
ternal  threads  at  opposite  ends  thereof  thread- 
ingly  receiving  said  respective  first  and  second 
bolts  70b,  70c,  said  sleeve  70a  being  rotatable  for  45 
drawing  together  said  first  and  second  bolts  70b, 
70c  to  increase  tension  in  said  band  66. 

4.  A  core  according  to  claim  3  further  comprising  a 
plurality  of  slide  plates  72  disposed  between  re-  50 
spective  ones  of  said  groups  50  and  said  band  66 
for  allowing  said  band  66  to  slide  on  said  slide 
plate  72  circumferentially  around  said  perimeter 
60. 

55 
5.  A  core  according  to  claim  4  wherein  each  of  said 

groups  50  includes  a  recess  74  extending  circum- 
ferentially  in  said  outer  ends  52b  sized  to  receive 

sired  to  be  secured  in  the  appended  claims  all  such 
modifications. 

Claims  5 

1  .  A  stator  core  28  for  an  electromagnetic  pump  1  0 
for  supporting  an  electrical  coil  30  comprising: 

a  plurality  of  circumferentially  adjoining 
groups  50  of  flat  laminations  52  disposed  about  10 
a  common  centerline  axis  54  and  collectively  de- 
fining  a  central  bore  58  at  radially  inner  ends  52a 
thereof  and  a  discontinuous  outer  perimeter  60  at 
radially  outer  ends  52b  thereof,  adjacent  ones  of 
said  groups  50  diverging  radially  outwardly  at  an  15 
acute  angle  therebetween  to  form  a  V-shaped 
gap  62;  and 

an  annular  band  66  surrounding  said 

6 
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