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Description 

The  invention  disclosed  broadly  relates  to  vibration  dampening  of  power  transformers  and  more  particu- 
larly  relates  to  a  coaxial  isolation  mounting  for  a  toroidal  transformer. 

5  It  is  well-known  that  the  magnetic  core  is  a  source  of  sound  in  an  electrical  transformer.  Energization  of 
the  electrical  windings  surrounding  a  magnetic  core  results  in  alternating  magnetization  of  the  core,  and  the 
core  laminations  cyclically  expand  and  contract  due  to  the  phenomena  of  magnetostriction  when  magnetized 
and  demagnetized  by  the  current  flowing  in  the  transformer  windings.  The  magnetic  core  thus  acts  as  a  source 
of  120  cycle  vibrations  and  harmonics  thereof.  The  vibrations  generated  by  the  magnetic  core  together  with 

10  the  weight  of  the  core  and  core  assembly  may  force  the  rigid  base  structure  beneath  a  transformer  casing  into 
vibration.  The  casing  sidewalls  are  rigidly  connected  to  the  base  structure  and  may  be  driven  into  vibration  by 
the  stiff  base  members  and  propagate  noise.  When  the  rigid  base  structure  is  resonant  at  120  cycles  or  har- 
monics  thereof,  the  propagating  noise  level  may  be  even  more  pronounced. 

High  structureborne  noise  levels  are  undesirable  because  they  add  to  the  acoustic  signature  in  the  low 
15  noise  environments  needed  in  such  applications  as  submarines. 

DE-A-33  40  985  discloses  a  transformer  unit  comprising  a  toroidal  shaped  transformer  coaxially  supported 
on  a  central  rod  with  one  layer  of  acoustically  isolating  material  interposed  between  the  central  rod  and  the 
toroidal  transformer. 

It  is  an  object  of  the  present  invention  to  provide  a  high  efficiency  compact  design  power  transformer  having 
20  low  acoustic  signature. 

Toroidal  shaped  transformers  are  compact  and  inherently  quieter  than  standard  core  configured  transfor- 
mers.  To  significantly  reduce  the  structureborne  noise  being  transmitted  out  of  a  transformer  package,  toroidal 
shaped  coils  are  isolation  mounted  on  a  coaxial  rod  running  through  the  center  of  the  coil.  The  coaxial  rod  is 
supported  at  its  ends  by  a  cradle  which  rests  on  a  layer  of  vibration  isolation  material.  The  isolation  layers  are 

25  made  of  compliant,  flexible  elastomeric  foam  material.  Use  of  the  center  space  in  the  toroid  for  the  isolation 
mounting  makes  use  of  otherwise  unused  volume  and  allows  two  levels  of  vibration  isolation  where  only  one 
level  of  isolation  at  the  outside  of  the  toroid,  would  have  been  previously  used. 

The  coaxial  center  support  rod  minimizes  any  noise  coupling  between  a  plurality  of  toroids.  The  outer  por- 
tions  of  the  toroidal  coil  are  unsupported  and  thus  isolated  from  the  transformer  mounting  plate  or  case.  The 

30  result  is  very  low  levels  of  structureborne  noise  being  transmitted  out  of  the  case.  These  and  other  objects, 
features  and  advantages  will  be  more  fully  appreciated  with  reference  to  the  accompanying  figures. 
Fig.  1A  is  a  typical  toroidal  transformer  and  Fig.  1B  is  a  cross-section  taken  along  the  lines  AA  of  Fig. 

1A. 
Fig.  2  is  a  plane  view  of  the  present  invention  showing  three  toroidal  transformers  isolation  mounted 

35  in  a  case. 
Toroidal  shaped  transformers  provide  high  power  density  for  their  volumetric  size.  Additionally,  toroidal 

transformers  are  inherently  quieter  than  standard  core  configured  transformers.  As  seen  in  Fig.  1A,  a  typical 
toroidal  shaped  transformer  10  has  an  outer  circumference  and  an  inner  space  12  filling  the  inner  diameter  of 
the  transformer  or  windings  14. 

40  A  cross-sectional  view  of  the  toroidal  transformer  is  shown  in  Fig.  1  B.  As  can  be  seen,  the  core  is  made 
from  continuous  steel  tape  16  wound  to  height  H,  having  a  strip  width  W.  Surrounding  the  core  20  is  a  series 
of  windings  14.  Each  layer  of  steel  tape  16  is  in  the  order  of  0,050  to  0,075  mm  (two  to  three  mils)  in  thickness 
and  is  wrapped  to  be  in  tight  union  with  each  adjacent  turn.  As  the  core  is  held  under  compression  during  the 
winding  process,  toroidal  transformers  are  inherently  quieter  than  a  planar  core  configured  transformer,  or  core 

45  comprised  of  stacked  laminations.  The  circular  shape  provides  high  power  density  for  the  volume  of  the  trans- 
former. 

The  present  invention  is  shown  in  Fig.  2  having  three  toroidal  transformers  10  suspended  on  a  support 
rod  30.  The  support  rod  can  be  made  of  stainless  steel  or  other  material.  The  unused  central  volume  12  of  the 
transformers  is  filled  with  an  isolation  material  32  which  can  be  a  silicone  closed  cell  rubber  material.  Acooling 

50  sleeve  34  is  placed  adjacent  the  inner  diameter  of  the  toroidal  transformer  for  heat  removal.  Each  end  of  the 
support  rod  30  is  supported  by  an  isolation  washer  36.  Isolation  washer  36  is  non-conductive  and  provides 
electrical  isolation  between  the  support  rod  and  the  case  eliminating  the  possibility  of  a  shorted  turn.  The  iso- 
lation  washers  are  made  of  dielectric  material  such  as  phenolic  or  glass  epoxy.  The  isolation  washers  36  are 
supported  by  cradle  38  which  supports  the  toroidal  transformers.  The  stainless  steel  cradle  38  is  mounted  on 

55  an  isolation  Iayer40  which  provides  a  second  level  of  structureborne  noise  isolation  between  the  toroidal  trans- 
former  and  mounting  case  42.  An  air  space  44  surrounds  the  toroids  10,  so  they  do  not  touch  the  case  42  or 
cradle  38  to  cause  noise  shorts. 

By  employing  a  two  level  isolation  mounting,  the  acoustic  signature  of  the  transformer  is  reduced  by  a 
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factor  of  30  to  60  dB  related  to  10  nm/sec2  from  the  non-isolated  transformer.  The  120  cycle  noise  level  is 
greatly  reduced  and  various  harmonics  are  virtually  eliminated. 

The  transformer  mounting  scheme  as  disclosed  allows  for  various  power  size  configuration  to  be  made 
by  using  a  plurality  of  similar  size  toroid  transformers  to  be  mounted  on  a  cradle  by  simply  adjusting  its  length 

5  to  accommodate  more  toroidal  transformers  or  by  scaling  up  or  down  the  size  of  the  transformers  used.  The 
core  induced  heat  generated  during  the  use  of  the  transformer  can  be  readily  removed  by  the  cooling  sleeve 
34  integrated  into  the  system  as  shown. 

10  Claims 

1.  A  power  transformer  unit  comprising 
a  toroidal  shaped  transformer  (10)  coaxially  supported  on  a  central  rod  (30); 
a  first  layer  of  acoustically  isolating  material  (32)  interposed  between  the  central  rod  (30)  and  the  toroidal 

15  transformer  (10); 
characterised  in  that 
a  cradle  (38)  supports  the  ends  of  the  central  rod  (30),  the  cradle  supported  by  a  case  (42)  housing  the 
power  transformer  unit;  and  that 
a  second  layer  of  acoustically  isolating  material  (40)  separates  the  cradle  (38)  from  the  case  (42)  to  provide 

20  a  second  level  of  acoustic  isolation. 

2.  The  powertransformerunit  of  claim  1  wherein  the  acoustic  isolation  comprises  elastomeric  foam  material. 

3.  The  power  transformer  unit  of  claim  1  or  2  wherein  a  cooling  means  (34)  is  provided  adjacent  the  toroidal 
25  transformer  and  coaxial  with  the  central  rod  (30). 

4.  The  power  transformer  unit  of  anyone  of  the  claims  1  to  3  having  three  toroidal  shaped  transformers  (10). 

Patentanspruche 30  * 

1.  Leistungstransformatoreinheit,  bestehend  aus 
einem  ringformig  ausgebildeten  Transformator  (10),  dervon  einem  zentralen  Stab  (30)  koaxial  gehalten 
wird; 

35  einer  ersten  Schicht  eines  akustisch  isolierenden  Materials  (32),  das  zwischen  dem  zentralen  Stab  (30) 
und  dem  Ringkerntransformator  (10)  eingefugt  ist; 
dadurch  gekennzeichnet,  dali 
ein  Spulentrager  (38)  die  Enden  des  zentralen  Stabes  (30)  halt,  wobei  der  Spulentrager  von  einem  Ge- 
hause  getragen  wird,  das  die  Leistungstransformatoreinheit  enthalt;  und  dali 

4Q  eine  zweite  Schicht  eines  akustisch  isolierenden  Materials  (40)  der  Spulentrager  (38)  von  dem  Gehause 
(42)  trennt,  urn  eine  zweite  Stufe  der  akustischen  Isolierung  bereitzustellen. 

2.  Leistungstransformatoreinheit  nach  Anspruch  1,  wobei  die  akustische  Isolierung  aus  elastischem 
Schaumstoffmaterial  besteht. 

45  3.  Leistungstransformatoreinheit  nach  Anspruch  1  oder2,  wobei  ein  Mittel  fur  die  Kuhlung  (34)  bereitgestellt 
wird,  das  an  dem  Ringkerntransformator  anliegt  und  zu  dem  Zentralstab  (30)  koaxial  ist. 

4.  Leistungstransformatoreinheit  irgendeines  der  Anspruche  1  bis  3,  derdrei  ringkernformige  Transforma- 
toren  (10)  besitzt. 

50 

Revendications 

1.  Unite  de  transformateur  de  puissance  comprenant 
55  un  transformateur  de  forme  toroTdale  (10)  supporte  de  facon  coaxiale  par  une  barre  centrale  (30)  ; 

une  premiere  couche  de  materiau  acoustiquement  isolant  (32)  interposee  entre  la  barre  centrale  (30)  et 
le  transformateur  toroidal  (10)  ; 
caracterisee  en  ce  que 
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un  berceau  (38)  supporte  les  extremites  de  la  barre  centrale  (30),  le  berceau  etant  supporte  par  un  boitier 
(42)  abritant  I'unite  de  transformateur  de  puissance  ;  et  en  ce  que 
une  seconde  couche  de  materiau  acoustiquement  isolant  (40)  separe  le  berceau  (38)  du  boitier  (42)  pour 
fournir  un  second  niveau  d'isolation  acoustique. 

Unite  de  transformateur  de  puissance  selon  la  revendication  1,  dans  lequel  I'isolation  acoustique  compor- 
te  du  materiau  en  mousse  elastomere. 

Unite  de  transformateur  de  puissance  selon  la  revendication  1  ou  2,  dans  lequel  des  moyens  de  refroi- 
dissement  (34)  sont  fournis  de  facon  adjacente  au  transformateur  toroidal  et  de  facon  coaxiale  par  rapport 
a  la  barre  centrale  (30). 

Unite  de  transformateur  de  puissance  selon  I'une  quelconque  des  revendications  1  a  3,  comportant  trois 
transformateurs  de  forme  toroTdale  (10). 
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