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Description 

The  present  invention  relates  to  a  process  for 
the  manufacture  of  fields  generators  (MF),  compris- 
ing  several  magnet  forming  elements  (EFM),  each 
one  being  made  up  of  several  modules  (e.g.  trian- 
gular  slices  SP)  obtained  by  cutting  and  re-arrang- 
ing  tiles  of  magnetic  material. 

PRIOR  ART 

The  theoretical  basis  for  the  calculation  of 
structures  that  allow  to  realize  uniform  magnetic 
fields  using  elements  made  of  permanent  magnetic 
material  has  been  recently  developed.  In  this  re- 
gard  see  the  numerous  papers  by  M.G.  Abele, 
(Technical  Reports,  New  York  University  School  of 
Medicine)  and  particularly  NYU-TR  13,  NYU-TR14, 
NYU-TR15,  NYU-TR21. 

The  practical  embodiment  of  these  structures 
is  of  fundamental  importance  for  a  wide  range  of 
applications  that  cover  a  large  number  of  applica- 
tion  fields,  from  electronics  to  medicine. 

A  fundamental  element  for  the  realization  of 
such  structures  is  the  availability  of  prismatic  mag- 
netized  elements  with  allocated  thicknesses,  shape 
and  direction  of  the  A-A  axis.  In  particular,  for  the 
realization  of  magnets  of  usable  dimensions,  it  is 
indispensable  to  have  at  our  disposal  magnetic 
material  elements  with  the  A-A  axis  oriented  along 
one  of  their  major  dimensions. 

A  common  characteristic  of  the  production  pro- 
cesses  of  the  magnetic  materials  suitable  for  the 
manufacture  of  permanent  magnets  is  that  of  yield- 
ing  blocks  or  "tiles"  of  material  with  the  anisotropy 
axis  oriented  along  the  thickness  or  another  minor 
dimension. 

This  fact,  together  with  the  imperfections  of  the 
material,  constitutes  a  limitation  for  the  realization 
of  the  structures  described  above. 

The  imperfections  of  the  material  can  be 
brought  back  to  disuniformities  of  the  magnetic 
properties  of  the  material,  that  show  themselves 
mainly  as  variations  from  one  tile  to  another  of  the 
magnetic  material  characteristics. 

The  practical  effect  of  these  imperfections  is 
that  of  introducing  in  the  system  errors  and  dissim- 
metries  that  show  themselves  as  field  disunifor- 
mities  that  cumulate  on  those  theoretically  deriving 
from  the  geometry  of  the  system. 

US  Patent  No.  4,538,130  describes  a  magnetic 
circuit  with  the  geometry  of  a  ring-type  magnet, 
and  a  method  to  manufacture  same  which  however 
cannot  be  used  for  f.i.  triangular  section  parts  that 
can  be  necessary  for  different  geometries  designed 
on  the  basic  of  a  different  theory.  Parts  edge  cut 
from  rectangular  magnets  are  reassembled  to  form 
an  element  suitable  only  to  said  magnetic  circuit 

geometry. 
EP-A-0  170  318  refers  to  a  very  specific  group 

of  magnetic  circuits  obtained  by  combining  defined 
elements  to  form  rectangular  or  hexagonal  cavities. 

5  Isosceles  triangles  with  an  apex  angle  of  90° 
are  used  for  a  part  of  such  magnetic  circuities. 

An  object  of  the  present  invention  is  to  provide 
a  process  which  allows  to  get  magnetic  field  gener- 
ators  starting  from  conventional  tiles,  in  an  easy, 

io  efficient  and  reliable  way,  overcoming  the  obsta- 
cles  and  drawbacks  of  the  conventional  technol- 
ogies. 

The  features  of  the  process  according  to  the 
invention  are  recited  in  claim  1  . 

75 
DESCRIPTIONS  OF  THE  PREFERRED  EMBODI- 
MENTS  SHOWN  IN  THE  DRAWINGS 

The  various  features  and  advantages  of  the 
20  invention  will  better  appear  from  the  description  of 

the  embodiments  shown  for  illustrative  but  not  limi- 
tative  purpose  in  the  attached  drawings  in  which: 

-  Fig.  1  is  a  flow  sheet  of  the  method  accord- 
ing  to  the  invention. 

25  -  Figures  from  2a  to  2g  represent  the  main 
steps  of  the  method  according  to  the  inven- 
tion. 

-  Figures  from  3a  to  3c  represent  some  new 
magnet  shapes  that  it  is  possible  to  get  with 

30  forming  elements  obtained  preferably  with 
the  process  according  to  the  invention. 

-  Figures  4a  to  4c  show  totally  yoked  magnetic 
generators. 

-  Figures  5a  and  5b  show  partially  yoked  mag- 
35  netic  generators. 

In  Fig.  1  it  is  possible  to  see  how  at  least  one 
and  in  general  m  commercial  tiles  Pc  of  magnetic 
material  (represented  in  fig.2a)  enter  step  1  for  the 
marking  MA. 

40  The  conventional  tiles  Pc  are  in  fact  defined  by 
means  of  length  A,  width  B,  both  perpendicular  to 
the  A-A  axis,  and  by  thickness  S  along  such  axis 
A-A,  which  can  be  coincident  with  a  possible  an- 
isotropy  axis.  Each  one  of  the  m  tiles  Pc  identified 

45  in  this  way  undergoes,  in  step  2,  a  cutting  opera- 
tion  T1,  so  that  from  each  tile  Pc  it  is  possible  to 
get  n  strips  STi  having  the  same  width  B  and 
thickness  S,  whereas  the  new  length  is  A1,  in 
general  given  by  the  formula: 

50 

A  -  k  
Al  = 

n 
55 

where  k  is  the  possible  wasted  material  and  n  is  a 
generic  positive  integer. 

2 
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It  is  evident  that  A1  can  be  profitably  chosen 
according  to  circumstances  and  that  it  constitutes  a 
high  flexibility  parameter  for  the  whole  process. 
This  flexibility  is  directly  usable  whenever  it  is 
wished  to  minimize  the  effects  of  the  finite  length 
of  the  magnet,  as  described  in  the  literature.  In  this 
case  it  is  profitable  to  build  the  magnet  using 
several  sections  having  a  defined  length  obtained 
by  means  of  optimizing  mathematical  calculations. 
These  sections  are  then  brought  close  one  to  the 
other  in  order  to  have  gaps  of  predefined  width,  as 
sketched  in  fig.3c.  The  advantage  of  being  able  to 
choose  with  a  total  freedom  the  thicknesses  of  the 
elements  deriving  from  the  processing  is  therefore 
significant. 

As  already  explained,  the  set  of  input  tiles  Pc 
can  have  cardinality  m,  so  that  the  set  of  strips  STi 
at  the  output  of  step  2  can  have  cardinality  n  *  m, 
each  strip  being  identified  by  means  of  the  marking 
MA  carried  out  in  step  1  . 

The  n  *  m  strips  STi  coming  out  of  the  step  2 
cutting  operation  are  rotated,  in  the  step  3  rotation 
R,  of  such  an  angle  that  the  A-A  axis  falls  now  in  a 
position  different  from  that  of  the  original  Pc  tile.  In 
the  most  simple  case,  and  therefore  in  the  pre- 
ferred  one,  there  is  a  90  °  rotation  of  the  A-A  axis 
(step  3). 

The  rotation  is  followed  by  the  step  4  re- 
arrangement  (RIO),  in  which  the  n  *  m  strips  STi 
are  grouped  in  sets  of  n'  strips  each.  The  groups 
are  formed  according  to  the  individual  marking  and 
to  a  criterium  that  guarantees  the  desired  simmetry 
and  errors  compensation  characteristics  during  the 
final  assembling. 

In  the  same  way,  inside  each  group  it  is  estab- 
lished  an  order  of  the  n'  strips  that  make  up  the 
group. 

This  re-arrangement  process  allows,  together 
with  the  initial  choices  of  parameters  n  and  m,  to 
obtain  the  required  simmetry  characteristics  of  the 
final  assembly  and/or  the  desired  reduction  of  the 
errors  deriving  from  the  imperfect  nature  of  the 
initial  tiles  Pc. 

The  rotated  and  re-arranged  strips  at  the  out- 
put  of  step  4  are  then  joined  with  proper  means, 
e.g.  by  glueing,  during  step  5.  The  strips  are 
grouped  in  sets  of  cardinality  n'  in  order  to  have  p 
new  tiles  Pr  according  to  the  invention;  each  new 
tile  is  made  up  of  n'  strips  STr  individually  marked 
and  placed  in  a  proper  predefined  sequence,  in 
order  to  obtain  Pr  tiles  having  width  B,  thickness  Sr 
=  A1  (both  perpendicular  to  the  rotated  A-Ar  axis) 
and  a  new  length  n'  *  S  ,  parallel  to  the  axis  A-Ar 
described  above.  Furthermore,  the  Pr  tiles  obtained 
in  this  way  have  the  desired  characteristics  of 
simmetry  and  compensation  of  the  magnetic  prop- 
erties  variations  of  the  m  commercial  tiles  Pc  at  the 
input  of  the  process.  The  number  n'  of  strips  that 

form  a  group  may  vary  from  one  group  to  any 
other  group. 

During  steps  6  and  7  (that  can  be  indifferently 
carried  out  in  the  order  indicated  in  fig.1  or  in 

5  inverse  order),  the  tiles  Pr  obtained  with  step  5 
undergo  a  magnetization  process  MG  and  a  sec- 
ond  cutting  operation  T2;  with  these  two  operations 
it  is  possible  to  get  w  magnetized  slices  SPi,  e.g. 
triangular,  trapezoidal,  rectangular  etc,  as  in  fig.  2g. 

io  During  step  8  (AS),  the  slices  SPi  are  assem- 
bled  in  magnet  forming  elements  (EFM),  formed  by 
juxtaposing  groups  of  slices  SPi. 

Each  magnet  forming  element  may  optionally 
undergo,  during  step  9,  a  tuning  process  (TU1)  in 

is  order  to  reduce  the  errors  cumulated  so  far  . 
During  step  10  (IMP)  several  magnet  forming 

elements  (EFM)  are  piled  in  order  to  form  the 
finished  magnet  (MF),  that  may  optionally  undergo, 
during  step  11,  the  final  tuning  (TU2). 

20  Figures  3a  and  3b  show,  for  examplification 
and  according  to  an  advantageous  aspect  of  the 
invention,  how  it  has  been  possible  to  get  magnet 
forming  elements  EFMi  having  different  shapes  and 
dimensions  and  able  to  adjust  themselves,  accord- 

25  ing  to  circumstances,  to  different  application  re- 
quirements,  by  juxtaposing  slices  SPi  (from  SP1  to 
SP12)  having  different  shapes  and  different  orienta- 
tions  of  the  A-A  axis. 

Figures  3a  and  3b  show  the  most  simple  case 
30  of  magnet  elements  having  4  sides  or  faces;  on 

each  one  of  these  are  juxtaposed  3  slices  (e.g. 
SP1,  SP6,  SP5  in  the  upper  part  of  fig.  3a  and 
SP1,  SP2,  SP7  in  the  upper  part  of  fig.  3b).  At  least 
some  of  the  polygonal  slices  can  profitably  be 

35  chosen  equal  to  one  another,  e.g.  SP1  =  SP3  , 
SP2  =  SP4  in  fig.3a  and  SP1  =  SP2  ,  SP12  = 
SP8  in  fig.3b  . 

Adjusting  therefore  dimensions,  angles,  orienta- 
tions,  magnetization,  number  of  segments  of  strips 

40  involved  in  the  forming  of  each  slice  etc,  it  is 
possible  to  achieve  a  high  flexibility  and  modularity 
for  the  composition  of  forming  elements  and  there- 
fore  for  the  composition  of  magnets  having  the 
geometries,  structures,  field  intensity  etc  needed  to 

45  face  all  kinds  of  requirements;  it  will  therefore  be 
possible  to  reach  every  time  a  "maximum  max- 
imorum"  of  characteristics,  economies,  efficiency 
and  reliability. 

Fig.  3c  shows  a  magnet  formed  by  elements 
50  from  EFM1  to  EFM8,  that  may  themselves  comply, 

at  least  partially,  with  modularity.  Figures  4a  to  4c, 
5a  and  5b  show  magnets  provided  with  yoke  G, 
which  is  total  in  figures  4a  to  4c  and  only  partail  in 
figures  5a  and  5b.  In  figure  4a  the  central  cross- 

55  section  has  an  exagonally  shaped  cavity  delimited 
by  magnetic  material  slices  SP1  to  SP6.  Fig.  4b 
shows  the  same  generator  structure  of  fig.  4a  pro- 
vided  also  with  two  polar  expansions  EP1  and  EP2. 

3 
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Fig.  4c  is  a  perspective  view  of  said  structure  and 
emphasizes  its  composition  as  obtained  by  simply 
juxtaposing  the  magnet  forming  elements  EFM1  to 
EFM6.  Figures  5a  and  5b  show  respectively  the 
cross-section  and  the  perspective  view  of  a  gener- 
ator  formed  of  slices  SP1  to  SP14,  and  having 
yoke  G  only  on  the  side  faces. 

For  clearness  sake  the  invention  has  been  de- 
scribed  with  reference  to  the  preferred  embodi- 
ments  represented  in  the  drawings:  it  is  neverthe- 
less  understood  that  it  is  possible  to  bring  into 
them  variations,  modifications,  substitutions  and 
alike,  which,  being  in  the  reach  of  a  person  skilled 
in  the  art,  fall  within  the  scope  of  the  invention.  In 
fact,  the  sequence  and  the  number  of  steps  in 
fig.1,  the  configurations  of  the  elements  represent- 
ed  in  the  figures  from  2a  to  2g,  the  geometries  of 
figures  3a  and  3b;  of  4a  and  4b;  and  of  5a,  can 
even  be  different  from  the  ones  described  and 
shown  (e.g.  "triangular"  can  be  understood  as 
"polygonal"  and  so  on). 

Needless  to  say  that  the  process  of  the  inven- 
tion  can  also  be  used  with  isotropic  magnetic  ma- 
terials,  commercial  or  not  commercial,  laminated  or 
otherwise  formed. 

The  elimination  of  magnetic  characteristics  dis- 
uniformities  can  be  carried  out  by  cutting  the  tile 
edges  up-  or  down-stream  of  step  MA. 

Claims 

1.  A  process  for  manufacturing  magnetic  field 
generators,  comprising  the  steps  of: 

(a)  marking  at  least  one  conventional  tile  of 
magnetic  material; 
(b)  cutting  the  marked  tile  or  tiles  into  strips; 
(c)  rotating  the  strips  around  their  longitudi- 
nal  axis: 
(d)  selecting  the  rotated  strips  from  sym- 
metrical  positions  of  the  conventional  tiles 
and  rearranging  said  rotated  strips  to  place 
them,  upon  assembly  in  step  (e),  in  sym- 
metrical  positions  of  new  tiles  whereby  a 
compensation  of  the  magnetic  variations  in 
the  conventional  tiles  is  obtained: 
(e)  assembling  the  rotated  strips  to  form 
said  new  tiles; 
(f)  cutting  the  assembled  tiles  into  sections; 
(g)  magnetizing  said  sections; 
(h)  assembling  said  sections  into  magnet 
forming  elements;  and 
(i)  assembling  the  magnet  forming  elements 
to  obtain  magnets. 

2.  The  process  as  recited  in  claim  1  ,  wherein  the 
conventional  tiles  of  magnetic  material  have  a 
parallelepipedal  shape  comprising  length  A, 
width  B,  thickness  S,  and  an  anisotropy  A-A 

axis  is  perpendicular  to  the  major  length  A-B 
and  parallel  to  S;  and 

wherein  in  step  (b),  the  strips  retain  the 
same  width,  thickness  and  orientation  of  the  A- 

5  A  axis  of  the  conventional  tile  marked  in  step 
(a). 

3.  The  process  as  recited  in  claim  1,  wherein  in 
step  (c)  the  strips  are  rotated  90°  around  an 

io  axis  perpendicular  to  an  anisotropy  A-A  axis. 

4.  The  process  as  recited  in  claim  1,  wherein  in 
step  (e)  the  rotated  strips  are  assembled  by 
gluing. 

15 
5.  The  process  as  recited  in  claim  1,  wherein  in 

step  (f)  the  assembled  tiles  obtained  in  step  (e) 
are  cut  into  sections  having  polygonal  shapes 
preferably  selected  from  among  triangular, 

20  trapezoidal  and  rectangular. 

6.  The  process  as  recited  in  claim  1  ,  wherein  the 
magnet  forming  elements  obtained  in  step  (h) 
are  tuned  before  the  assembly  in  step  (i);  and 

25  wherein  the  magnets  obtained  in  step  (i) 
are  also  tuned. 

7.  The  process  as  recited  in  claim  6,  wherein 
either  of  the  tuning  steps  is  absent. 

30 
8.  The  process  as  recited  in  claim  1  ,  wherein  the 

rotation  in  step  (c),  and  the  rearrangement  in 
step  (d),  and  the  assembling  in  step  (e)  are 
carried  out  simultaneously. 

35 
9.  The  process  as  recited  in  claim  1,  wherein 

step  (g)  and  step  (f)  are  carried  out  in  reverse 
order. 

40  Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Magnetfeldgene- 
ratoren,  das  folgende  Stufe  einschliesst: 

(a)  Markierung  mindestens  einer  konventio- 
45  nellen  Platte  von  magnetischem  Material; 

(b)  Schnitt  der  markierten  Platte  oder  Plat- 
ten  in  Streifen; 
(c)  Rotierung  der  Streifen  urn  ihre  Longitudi- 
nalachse; 

50  (d)  Auswahl  der  gedreheten  Streifen  von  der 
symmetrischen  Positionen  der  konventionel- 
len  Platten  und  Wiederanordnung  besagter 
gedrehter  Streifen  urn  sie,  nach  der  Monta- 
ge  in  Stufe  (e),  in  symmetrische  Position 

55  der  neuen  Streifen  anzuordnen,  wobei  eine 
Kompensation  der  magnetischen  Variatio- 
nen  der  konventionellen  Streifen  erreicht 
wird; 

4 
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(e)  Zusammensetzung  der  gedrehten  Strei- 
fen  zur  Formierung  gennanter  neuen  Plat- 
ten; 
(f)  Schnitt  der  zusammegesetzten  Platten  in 
Schnitte  oder  Sektionen; 
(g)  Magnetisierung  dieser  Sektionen; 
(h)  Zusammesetzung  der  besagter  Schnit- 
ten  in  magnetformierende  Elemente;  und 
(i)  Zusammefassung  der  magnetformieren- 
den  Elemente  zur  Erlangung  von  Magneten. 

2.  Verfahren  gemass  Anspruch  1  ,  in  welchem  die 
konventionellen  Platte  aus  magnetischem  Ma- 
terial  eine  Parallepipedform  haben,  die  eine 
Lange  A,  eine  Breite  B,  eine  Starke  S  aufweist 
und  eine  Anisotropieachse  A-A  rechtwinklig  zur 
grosseren  Lange  A-B  und  parallel  zu  S  ist,  und 
in  welchem  in  der  Stufe  (b)  genannte  Streifen 
die  gleichen  Starken,  Breiten  und  Orientierung 
der  Achse  A-A  der  konventiellen  in  der  Stufe 
(a)  markierten  Platte,  behahlten. 

3.  Verfahren  gemass  Anspruch  1,  in  welchem  in 
Stufe  (c)  die  Streifen  urn  90°  urn  eine  recht- 
winkliche  Achse  der  Anisotropieachse  A-A  ge- 
dreht  werden. 

4.  Verfahren  gemass  Anspruch  1,  in  welchem  in 
Stufe  (e)  die  gedrehten  Streifen  mittels  Ankle- 
ben  verbunden  werden. 

5.  Verahren  gemass  Anspruch  1,  in  welchem  in 
Stufe  (f)  die  in  Stufe  (e)  erhaltenen  Platte  in 
Schnitten  oder  Sektionen  geschnitten  werden, 
die  eine  polygonale  vorzugweise  dreieckige, 
trapezformige  und  rechteckige  Gastalt  haben. 

6.  Vefahren  gemass  Anspruch  1,  in  welchem  die 
magnetformenden  in  Stufe  (h)  erhaltenen  Ele- 
mente  einer  "Tuning"  vor  der  Montage  in  Stufe 
(i)  unterworfen  werden;  und  in  welchem  die  in 
Stufe  (i)  erhaltenen  Magneten  ebenso  dem 
"Tuning"  unterworfen  werden. 

7.  Verfahren  gemass  Anspruch  6,  in  welchem 
keine  Tuning-Stufe  vorhanden  ist. 

8.  Verfahren  gemass  Anspruch  1  ,  in  welchem  die 
Stufe  (c),  die  Wiederanordnung  der  Stufe  (d) 
und  die  Zusammesetzung  in  Stufe  (e)  gleich- 
zeitig  durchgefuhrt  werden. 

9.  Verfahren  gemass  Anspruch  1  ,  in  welchem  die 
Stufe  (g)  und  die  Stufe  (f)  in  umgekehrter 
Ordnung  durchgefuhrt  werden. 

Revendicatlons 

1.  Procede  pour  la  fabrication  de  generateurs  de 
champs  magnetiques,  comprenant  les  stades 

5  suivants: 
(a)  marquage  dans  au  moins  une  plaque 
conventionnelle  de  materiel  magnetique; 
(b)  coupage  de  la  plaque  ou  des  plaques 
marque/ees  en  bandes; 

io  (c)  rotation  des  bandes  autour  de  leur  axe 
longitudinal; 
(d)  selection  des  bandes  tournees  des  posi- 
tions  symetriques  des  bandes  convention- 
nelles  et  re-arrangement  desdites  bandes 

is  tournees  pour  les  placer,  apres  le  montage 
dans  le  stade  (e)  en  positions  symetriques 
des  nouvelles  bandes,  en  obtenant  une 
compensation  des  variations  magnetiques 
des  bandes  conventionnelles; 

20  (e)  assemblage  des  bandes  tournees  pour 
former  lesdites  nouvelles  plaques; 
(f)  coupage  des  plaques  assemblees  en 
tranches  ou  sections; 
(g)  aimantation  desdites  tranches; 

25  (h)  assemblage  desdites  tranches  en  ele- 
ments  formateurs  d'aimants;  et 
(i)  assemblage  des  elements  formateurs 
d'aimants  pour  obtenir  les  aimants. 

30  2.  Le  proces  selon  la  revendication  1  ,  dans  lequel 
les  plaques  conventionnelles  de  materiau  ma- 
gnetique  ont  une  forme  de  parallelepipede 
comprenant  une  longueur  A,  une  largeur  B,  un 
epaisseur  S,  et  un  axe  d'anisotropie  A-A  est 

35  perpendiculaire  a  la  longueur  majeure  A-B  et 
parallele  a  S;  et 
dans  lequel  dans  le  stade  (b)  les  bandes  main- 
tiennent  les  memes  epaisseurs,  largeur,  et 
orientation  de  I'axe  A-A  de  la  plaque  conven- 

40  tionnelle  marquee  dans  le  stade  (a). 

3.  Le  procede  selon  la  revendication  1,  dans  le- 
quel  dans  le  stade  (c)  les  bandes  sont  tour- 
nees  a  90°  autour  d'un  axe  perpendiculaire  a 

45  I'axe  d'anisotropie  A-A. 

4.  Le  procede  selon  la  revendication  1,  dans  le- 
quel  dans  le  stade  (e)  les  bandes  tournees 
sont  asseblees  par  collage. 

50 
5.  Le  procede  selon  la  revendication  1,  dans  le- 

quel  le  stade  (f)  les  plaques  assemblees  obte- 
nues  dans  le  stade  (e)  sont  coupees  en  sec- 
tions  ou  tranches  ayant  des  formes  polygona- 

55  les  preferablement  choisies  parmi  celles  trian- 
gulaire,  trapezoidale  et  rectangulaire. 

5 
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6.  Le  procede  selon  la  revendication  1,  dans  le- 
quel  les  elements  formateurs  d'aimants  obte- 
nus  dans  le  stade  (h)  sont  sousmis  au  "tuning" 
avant  le  montage  du  stade  (i);  et 
dans  lequel  les  aimants  obtenus  dans  le  stade  5 
(i)  sont  aussi  sousmis  au  "tuning". 

7.  Le  procede  selon  la  revendication  1,  dans  le- 
quel  un  quelconque  des  stades  de  "tuning"  est 
absent.  10 

8.  Le  procede  selon  la  revendication  1,  dans  le- 
quel  la  rotation  dans  le  stade  (c)  et  le  re- 
arrangement  du  stade  (d)  et  I'assemblage  du 
stade  (e)  sont  faits  en  meme  temps.  is 

9.  Le  procedes  selon  la  revendication  1,  dans 
lequel  le  stade  (g)  et  le  stade  (f)  sont  executes 
en  ordre  inverse. 

20 
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A - A  

MA  (m  Pc) 

4  

T1 

Cutting  each  Pc 
in  n  stripes  STi 

4  

Rotation  of  the 
n*m  stripes  STi 

4  

I  RIO 

Rearrangement  of  the  n'*m' 
rotated  stripes  STr 

4  

INC 

Glueing  the  n'*m' 
rotated  stripes  STr 

to  form  new  tiles  Pr 

V  m  Pc 
MG 

Magnetization 
of  the  Pr 

4  

T2 

Cutting  each  Pr  in  w  slices 
(e.g.  triangular)  SPI 

4  

8  AS 

Assembling  groups  of 
slices  in  magnet 

forming  elements  EFM 

4  

TIN 

Tuning  of  each 
EFM 

4  

1 0  MP 

PRIng  several  EFM 
to  form  the  finished  magnet  MF 

4  

1  1  TU2 

Tuning  of  the  MF 
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A - A  

Fig.  2d  i n p u t  
of  s t e p   3  
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Fig.  2e  o u t p u t  
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