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Description 

This  invention  relates  to  a  stator  assembly  for  al- 
ternating  current  generators. 

Alternating  current  generators  of  the  type  dis-  5 
closed  in  the  US  patent  No  4,604,538  utilize  a  stator 
assembly  where  the  stator  core  is  formed  of  a  stack 
of  steel  laminations.  The  manufacture  of  slotted  stator 
cores  involves  die  stamping  sheet  steel  to  the  re- 
quired  shape.  After  stamping,  the  laminations  must  10 
be  stacked  in  correct  alignment  and  the  stack  of  lam- 
inations  must  then  be  secured  together,  for  example, 
by  welding.  Further,  in  die  stamping  the  laminations, 
there  is  a  certain  amount  of  scrap  loss. 

As  an  alternative  to  the  use  of  steel  laminations  15 
for  magnetic  cores,  it  has  been  suggested  that  stator 
cores  could  be  formed  from  iron  powder.  Thus,  an  ar- 
ticle  in  Powder  Metallurgy,  Volume  25,  No.  4  (1982), 
pages  201-208,  entitled  "Properties  and  Applications 
of  Soft  Magnetic  Powder  Composites"  authored  by  20 
Kordecki,  Weglinski  and  Kaczmar  discloses  magnetic 
cores  that  are  formed  of  ferromagnetic  powder.  This 
article  discloses  so-called  magnetodielectrics  which 
are  comprised  of  iron  powder  and  a  dielectric. 

An  example  of  this  type  of  material  is  given  in  Ta-  25 
ble  1  in  this  article.  In  this  example,  the  material  is 
made  of  Hoganas  ASC  40.29  powder  plus  0.5%  (by 
weight)  epoxy  resin.  Page  205  of  this  article  discloses 
iron  powder  of  0.2  to  0.6mm.  size  and  calls  for  a  di- 
electric  content  of  0.2-1  %  by  weight.  30 

JP-A-60-160346  discloses  moulding  a  yoke  from 
a  mixture  of  iron  powder  and  thermoplastic  resin. 

A  stator  assembly  in  accordance  with  the  present 
invention  is  characterised  by  the  features  specified  in 
claim  1.  35 

It  has  been  discovered  that  if  a  moulded  stator 
core  for  a  stator  assembly  of  an  alternating  current 
generator  of  the  type  disclosed  in  the  above- 
referenced  US  patent  no.  4,604,538  is  formed  of  cer- 
tain  proportions  of  iron  powder  and  a  thermoplastic  40 
material,  the  stator  coil  will  have  an  output  that  is  as 
high  as  the  output  of  a  stator  that  has  a  core  formed 
of  a  stack  of  steel  laminations.  More  specifically,  a 
stator  core  made  in  accordance  with  this  invention 
uses  iron  powder  particles  having  a  size  in  a  range  of  45 
about  44  to  250  microns.  The  particles  are  coated 
with  thermoplastic  material  and  the  coated  particles 
are  then  moulded  to  the  shape  of  a  stator  core.  To 
achieve  optimum  power  output,  the  proportions  by 
weight  of  iron  powder  and  thermoplastic  material  50 
should  be  about  95  to  99.2%  iron  powder  with  a 
weight  range  of  thermoplastic  material  of  5  to  0.8%. 
Some  slight  improvement  can  be  obtained  by  first 
coating  the  particles  with  a  phosphate  material  and 
subsequently  overcoating  the  phosphate  coating  with  55 
the  thermoplastic  material.  Where  a  phosphate  coat- 
ing  is  used,  the  ranges  of  material  by  weight  should 
be  about  95  to  99.2%  iron  powder,  0.05  to  0.5%  phos- 

phorus  and  0.75  to  4.95%  thermoplastic  material. 
The  present  invention  will  now  be  described,  by 

way  of  example,  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figure  1  is  a  plan  view  of  a  stator  core  made  in  ac- 
cordance  with  this  invention; 
Figure  2  is  an  end  view  of  the  stator  core  shown 
in  Figure  1;  and 
Figure  3  is  a  sectional  view  of  the  portion  of  a  sta- 
tor  assembly  utilizing  the  stator  core  shown  in 
Figure  1. 
Referring  now  to  the  drawings,  a  stator  core  gen- 

erally  designated  as  10  is  illustrated  that  has  an  (an- 
nular)  yoke  portion  12  and  a  plurality  of  (radially,  in- 
wardly  extending)  teeth  or  poles  14  that  are  integral 
with  yoke  portion  12.  The  teeth  14  each  have  an  end 
face  14A  and  the  spaces  between  the  teeth  define 
winding  slots  16  that  are  adapted  to  receive  conductor 
portions  of  a  stator  output  winding  of  an  alternating 
current  generator.  The  outer  periphery  of  the  stator 
core  10  has  a  (cylindrical)  flange  portion  18.  Flange 
portion  18  has  annular  end  faces  or  surfaces  18Aand 
18B  that  are  adapted  to  engage  surfaces  of  the  end 
frames  of  an  alternating  current  generator  in  a  man- 
ner  disclosed  in  the  above-referenced  US  patent  no. 
4,604,538.  Further,  stator  core  10  has  two  outer  cir- 
cular  surfaces  20  and  22  that  are  adapted  to  engage 
surfaces  on  the  end  frames  of  the  alternating  current 
generator. 

By  way  of  example,  and  not  by  way  of  limitation, 
the  stator  core  10  may  be  sized  such  that  the  distance 
between  a  pair  of  opposed  end  faces  14A  is  about 
90mm.  The  outside  diameter  between  outer  circular 
surfaces  20,22  of  stator  core  10  may  be  about 
120mm.  The  axial  length  of  teeth  14  and  winding  slots 
16  may  be  about  28mm.  The  radial  length  of  flange 
portion  18  may  be  about  2mm  and  the  axial  length  of 
outer  circular  surfaces  20  and  22  may  be  about  2mm. 
The  width  of  teeth  14  may  be  about  5mm  and  the  ra- 
dial  length  of  these  teeth  can  be  about  12mm. 

The  stator  core  1  0  is  formed  as  a  one-piece  part 
that  is  moulded  to  the  size  and  shape  shown  in  Fig- 
ures  1  and  2  and  is  comprised  of  particles  of  iron  pow- 
der  that  are  bound  together  by  a  thermoplastic  mate- 
rial.  The  iron  powder  in  stator  core  10  may  be  a  Hoe- 
ganaes  1000C  iron  powder.  The  particle  size  of  this 
powder,  based  on  a  US  Standard  sieve  analysis  is 
shown  in  the  following  table: 

SIEVE  PERCENT 

+  60  1 

- 6 0 / + 1 0 0   14 

- 1 0 0 / + 3 2 5   70 

-325  15 

2 
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The  particle  sizes  of  the  iron  powder  range  from 
about  44  to  250  microns  according  to  this  sieve  ana- 
lysis.  However,  a  very  small  percentage  of  the  iron 
powder  may  have  a  particle  size  as  small  as  10  mi- 
crons. 

The  iron  powder  is  about  99.7%  Fe,  0.003%  C, 
0.0005%  N,  0.006%  S  and  0.004%  P. 

The  thermoplastic  material  may  be  an  amor- 
phous  thermoplastic  polythermide  resin,  an  example 
of  which  is  a  General  Electric  "ULTEM"  (Registered 
trademark  General  Electric)  resin. 

To  prepare  powder  for  moulding,  the  particles  of 
iron  powder  are  coated  with  a  thin  layer  of  the  ther- 
moplastic  material.  One  way  of  accomplishing  this  is 
to  mix  the  thermoplastic  material  with  a  solvent  to 
provide  a  liquid  material.  The  iron  powder  is  then 
blown  by  air  up  through  a  vertical  tube  and  at  the 
same  time  the  liquid  material  is  sprayed  on  the  iron 
powder  to  coat  the  iron  powder.  The  coated  iron  pow- 
der  falls  outside  of  the  tube  and  is  directed  back  into 
an  inlet  of  the  tube  where  it  is  blown  up  again  and 
coated  again.  After  a  number  of  passes  through  the 
tube,  the  particles  are  all  coated  to  the  extent  desired. 
The  solvent  evaporates  or  is  recovered  during  this 
process. 

When  the  iron  particles  have  been  completely 
coated,  a  quantity  of  the  coated  particles  are  pre- 
heated  and  placed  in  a  heated  mould  that  is  shaped 
to  produce  the  stator  core  shown  in  Figures  1  and  2 
as  a  one-piece  stator  core.  The  material  is  compres- 
sion  moulded  to  the  final  shape  and  size.  During  com- 
pression  moulding  the  thermoplastic  material  is  heat- 
ed  sufficiently  to  cause  it  to  melt. 

After  the  stator  core  10  has  been  moulded,  a 
three-phase  winding  is  wound  into  the  winding  slots 
16.  A  portion  of  this  three-phase  stator  winding  is 
shown  in  Figure  3  where  it  is  identified  by  reference 
numeral  24.  The  stator  winding  24  may  be  Delta  or 
wye  connected,  and  conductor  portions  of  stator 
winding  24  are  located  in  slots  16.  Only  a  portion  of  a 
stator  assembly  is  shown  in  Figure  3,  but  it  is  to  be  un- 
derstood  that  all  of  the  winding  slots  16  contain  con- 
ductors  of  the  stator  winding  24.  The  wound  stator 
core  provides  a  stator  assembly  for  the  type  of  alter- 
nating  current  generator  shown  in  the  above- 
referenced  US  patent  no.  4,604,538  and  is  intended 
to  replace  the  stator  assembly  shown  in  that  patent. 

In  the  final  moulded  state  of  the  stator  core  10, 
the  thermoplastic  material  is  bonded  to  the  outer  sur- 
face  of  each  metal  particle  so  that  the  particles  are 
insulated  from  each  other  by  thin  layers  of  thermo- 
plastic  material.  Further,  the  thermoplastic  material 
bonds  all  of  the  particles  together  to  form  a  composite 
structure.  It  will  be  appreciated  that  since  the  partic- 
les  are  separated  by  the  thermoplastic  material, 
there  are  gaps  formed  between  the  particles.  These 
gaps  act  like  airgaps  since  the  thermoplastic  material 
separating  the  particles  has  about  the  same  perme- 

ability  as  air.  This  air  gap  effect  increases  resistivity 
and  consequently  reduces  eddy  current  losses. 

To  provide  output  performance  or  power  that  is 
5  comparable  to  a  stator  core  that  is  formed  of  lamina- 

tions,  the  proportions  of  iron  powderand  thermoplas- 
tic  material  should  fall  within  certain  ranges.  Thus,  by 
weight,  the  stator  core  should  be  95  to  99.2%  iron 
powder  and  5  to  0.80%  thermoplastic.  Since  about 

10  1%  by  weight  of  thermoplastic  material  is  equal  to 
about  4%  by  volume,  a  stator  core  that  is  99%  iron 
powder  by  weight  and  1%  thermoplastic  by  weight 
would  be  96%  iron  powder  by  volume  and  4%  ther- 
moplastic  material  by  volume. 

15  Some  improvement  in  performance  can  be  ach- 
ieved  if  the  iron  particles  have  a  phosphorus  coating. 
Thus,  the  iron  powder  can  be  coated  with  a  phos- 
phate  or  phosphorus  and  this  phosphorus  is  then 
overcoated  with  the  thermoplastic  material.  When 

20  using  phosphorus,  the  proportions  should  be,  by 
weight,  95%  to  99.2%  iron  powder,  0.05%  to  0.5% 
phosphorus  and  0.75%  to  4.95%  thermoplastic. 

Some  of  the  advantages  of  the  moulded  stator  of 
this  invention  is  the  elimination  of  dies  and  die  main- 

25  tenance  that  are  required  for  blanking  laminations. 
Further,  extra  machinery  operations  and  the  need  for 
fastening  a  stack  of  laminations  together  is  eliminat- 
ed.  Material  scrap  losses  are  minimized  and  manufac- 
turing  re-operation  encountered  where  sharp  corners 

30  of  laminations  remove  stator  conductor  insulation  will 
be  greatly  reduced  by  using  a  moulded  part.  A  mould- 
ed  stator  core  can  have  rounded  edges,  and  desired 
dimensions  will  be  more  accurate  and  easier  to  con- 
trol  to  closer  tolerances. 

35 

Claims 

1  .  A  stator  assembly  for  an  alternating  current  gen- 
40  erator  comprising  a  stator  core  (10)  moulded  in 

one  piece,  and  having  an  annular  yoke  portion 
(12)  and  a  plurality  of  integral  teeth  (14)  which  are 
circumferentially  spaced  and  radially  inwardly  ex- 
tending,  the  spaces  between  the  teeth  defining 

45  circumferentially  spaced  winding  slots  (1  6);  and  a 
stator  winding  (24)  carried  by  the  stator  core  and 
having  conductor  portions  located  in  the  winding 
slots;  characterised  in  that  the  stator  core  (10) 
comprises  iron  powder  that  has  a  particle  size  in 

so  a  range  of  about  1  0  to  250  microns  and  is  formed 
by  compression  moulding  and  heating  of  a  quan- 
tity  of  the  particles  which  are  pre-coated  by  a  thin 
layer  of  thermoplastics  material  so  that  the  par- 
ticles  are  bound  together  by  the  thin  coating  of 

55  thermoplastic  material  that  electrically  insulates 
the  particles  from  each  other,  the  stator  core  by 
weight,  having  a  range  of  iron  powder  of  about  95 
to  99.2  percent  and  a  weight  range  of  thermo- 
plastic  material  of  about  5  to  0.75  percent. 

3 
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2.  A  stator  assembly  according  to  claim  1  ,  wherein 
the  stator  winding  (24)  is  a  three-phase  winding. 

eine  Partikelgrolie  in  einem  Bereich  von  etwa  10 
bis  250  Mikron  aufweist  und  durch  Druckformen 
und  Erwarmen  eines  Teils  der  Partikel  geformt 
ist,  die  durch  eine  dunne  Schicht  aus  Thermo- 
plastmaterial  vor-uberzogen  sind,  so  dali  die 
Partikel  durch  den  dunnen  Uberzug  aus  Thermo- 
plastmaterial  miteinander  verbunden  sind,  wel- 
ches  die  Partikel  elektrisch  voneinander  isoliert, 
wobei  der  Statorkern  gewichtsmaliig  einen  Be- 

Revendications 

1.  Agencement  de  stator  pour  un  alternateur 
5  comprenant  une  ame  de  stator  (10)  moulee  d'un 

seul  tenant,  et  comprenant  une  partie  de  carcas- 
se  (12)  et  plusieurs  dents  (14)  faisant  partie  inte- 
grante  de  celle-ci,  espacees  les  unes  des  autres 
dans  le  sens  de  la  circonference  et  s'etendant  ra- 

10  dialement  vers  I'interieur,  les  espaces  compris 
entre  les  dents  definissant  des  rainures  de  bobi- 
nage  (16)  espacees  les  unes  des  autres  dans  le 
sens  de  la  circonference;  et  un  bobinage  (24)  du 
stator  porte  par  Tame  du  stator  et  comprenant 

15  des  parties  de  conducteurs  logees  dans  les  rai- 
nures  de  bobinage; 
caracterise  en  ce  que  Tame  de  stator  (10) 
comprend  de  la  poudre  de  fer  ayant  des  particu- 
les  dont  la  grosseur  se  situe  dans  une  plage  de 

20  10a  250  microns  environ,  et  que  Tame  est  formee 
par  moulage  sous  pression  et  chauffage  d'une 
quantite  de  particules  pre-enrobees  d'une  cou- 
che  mince  de  matiere  thermoplastique,  de  ma- 
niere  telle  que  les  particules  soient  liees  les  unes 

25  aux  autres  par  la  couche  mince  de  matiere  ther- 
moplastique  qui  isole  les  particules  electrique- 
ment  les  unes  des  autres,  Tame  de  stator  ayant 
une  teneur  en  poudre  de  fer  de  I'ordre  de  95  a 
99,2  pour-cent  en  poids  et  une  teneur  en  matiere 

30  thermoplastique  de  I'ordre  de  5  a  0,75  pour-cent 
en  poids. 

2.  Agencement  de  stator  selon  la  revendication  1, 
dans  lequel  le  bobinage  (24)  du  stator  est  un  bo- 

35  binage  triphase. 

3.  Agencement  de  stator  selon  I'une  des  revendica- 
tions  1  ou  2,  dans  lequel  les  particules  sont  pour- 
vues  d'un  revetement  phosphorique,  le  revete- 

40  ment  phosphorique  etant  recouvert  de  matiere 
thermoplastique,  cette  ame  de  stator  ayant  une 
teneur  en  poudre  de  fer  de  I'ordre  de  95  a  99,2 
pour-cent  en  poids,  une  teneur  en  phosphore  de 
I'ordre  de  0,05  a  0,5  pour-cent  en  poids  et  une  te- 

45  neur  en  matiere  thermoplastique  de  I'ordre  de 
0,75  a  4,95  pour-cent  en  poids. 

reich  von  Eisenpulver  von  95  bis  99.2  Prozent  40 
und  einen  Gewichtsbereich  von  thermoplasti- 
schem  Material  von  etwa  5  bis  0.75  Prozent  auf- 
weist. 

2.  Ein  Statoraufbau  nach  Anspruch  1,  45 
worin  die  Statorwicklung  (24)  eine  Dreiphasen- 
wicklung  ist. 

3.  Ein  Statoraufbau  wie  in  Anspruch  1  oder2  bean- 
sprucht,  so 
worin  die  Partikel  einen  Phosphoruberzug  auf- 
weisen,  wobei  der  Phosphoruberzug  durch  das 
thermoplastische  Material  bedeckt  ist,  der  Sta- 
torkern  gewichtsmaliig  einen  Bereich  von  Eisen- 
pulver  von  etwa  95  bis  99.2  Prozent,  einen  Ge-  55 
wichtsbereich  von  Phosphor  von  etwa  0.05  bis 
0.5  Prozent  und  einen  Gewichtsbereich  von  ther- 
moplastischem  Material  von  etwa  0.75  bis  4.95 
Prozent  aufweist. 

3.  A  stator  assembly  as  claimed  in  claim  1  or  claim  5 
2,  wherein  the  particles  have  a  phosphorus  coat- 
ing,  the  phosphorus  coating  being  covered  by  the 
thermoplastic  material,  the  stator  core  by  weight 
having  a  range  of  iron  powder  of  about  95  to  99.2 
percent,  a  weight  range  of  phosphorus  of  about  10 
0.05  to  0.5  percent  and  a  weight  range  of  thermo- 
plastic  material  of  about  0.75  to  4.95  percent. 

Patentanspruche  15 

1  .  Ein  Statoraufbau  fur  einen  Wechselstromgenera- 
tor  mit  einem  Statorkern  (10),  der  in  einem  Stuck 
geformt  ist  und  ein  ringformiges  Jochteil  (12)  und 
eine  Vielzahl  von  einstuckigen  Zahnen  (14)  auf-  20 
weist,  die  in  Umfangsrichtung  beabstandet  sind 
und  sich  radial  nach  innen  erstrecken,  wobei  die 
Raume  zwischen  den  Zahnen  in  Umfangsrich- 
tung  beabstandete  Wicklungsschlitze  (16)  defi- 
nieren;  und  einer  Statorwicklung  (24),  die  durch  25 
den  Statorkern  getragen  wird  und  Leiterteile  auf- 
weist,  die  sich  in  den  Wicklungsschlitzen  befin- 
den; 
dadurch  gekennzeichnet, 
dali  der  Statorkern  (1  0)  Eisenpulver  umfalit,  dali  30 

4 
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