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@  Magnetic  methods  of  separating  electrically  conductive  materials. 

(57)  A  method  of  separating  predetermined  non-magnetic  electrically  conductive  items  from  a  flow  of 
non-magnetic  electrically  conductive  materials  containing  such  items  comprises  the  steps  of  passing 
the  flow  of  materials  adjacent  to  electromagnetic  field  (3)  generating  apparatus  ;  subjecting  the 
materials  to  the  action  of  a  fluid  (6)  whilst  the  flow  of  materials  is  adjacent  to  the  electromagnetic  field 
generating  apparatus  ;  controlling  the  flux  field  generated  by  the  apparatus  such  as  to  create  electrical 
current  within  the  predetermined  electrically  conductive  items  which  react  with  the  generated 
electromagnetic  flux  field  causing  the  creation  of  a  directional  force  upon  the  predetermined  items,  in 
association  with  the  subjection  thereof  to  the  fluid  (6),  such  as  to  move  only  the  predetermined 
electrically  conductive  items  out  of  and  away  from  the  flow  of  material  in  a  predetermined  direction  for  a 
predetermined  distance  (4). 

In  another  aspect  the  method  comprises  passing  the  flow  of  materials  adjacent  to  a  linear  induction 
motor  (3)  ;  controlling  the  flux  field  generated  by  the  linear  induction  motor  and  providing  a  pulse  of 
such  field  by  switching  on  and  off  the  linear  induction  motor  at  a  frequency  lower  than  the  supply 
frequency  such  as  to  create  consequential  pulsed  electric  currents  within  the  predetermined  electrically 
conductive  items  which  react  with  the  pulsed  generated  electromagnetic  flux  field  causing  the  creation 
of  an  intermittent  force  upon  the  predetermined  items  such  as  to  move  only  the  .  predetermined 
electrically  conductive  items  out  of  and  away  from  the  flow  of  materials. 
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This  invention  relates  to  the  separation  of  mate- 
rials. 

A  common  industrial  problem  associated  with  the 
production  of  many  items  is  that  of  the  need  for  sepa- 
ration  of  the  particular  items  produced  from 
associated  waste  material  involved  in  their  produc- 
tion.  Similarly  a  long  standing  problem  is  the  general 
one  of  the  separation  and  sorting  between  various 
scrap  and  rubbish  materials.  Whilst  the  separation  out 
of  magnetic  portions  of  such  materials  by  means  of 
their  magnetic  properties  has  proved  possible,  the 
separation  and  sorting  of  non-magnetic  materials  still 
presents  considerable  problems. 

This  invention  is  particularly  concerned  with  ma- 
terial  separation  methods  for  non-magnetic  materials, 
and  is  especially  concerned  with  the  separation  of  a 
collection  of  items  having  significant  electrical  con- 
ductivity,  either  by  virtue  of  conductive  materials  of 
which  they  are  formed  or  by  virtue  of  conductive  coat- 
ings  or  inserts. 

It  is  an  object  of  the  present  invention  to  provide 
a  method  of  material  separation  for  electrically  con- 
ductive  items  of  simple  effective  and  efficient  oper- 
ation  which  can  overcome  or  at  least  subtantially 
reduce  the  above  mentioned  problems. 

In  accordance  with  one  aspect  of  the  present 
invention  there  is  provided  a  method  of  separating 
predetermined  non-magnetic  electrically  conductive 
items  from  a  flow  of  non-magnetic  electrically  conduc- 
tive  materials  containing  such  items  comprising  the 
steps  of  passing  the  flow  of  materials  adjacent  to  elec- 
tromagnetic  field  generating  apparatus;  subjecting 
the  materials  to  the  action  of  a  fluid  whilst  the  flow  of 
materials  is  adjacent  to  the  electromagnetic  field 
generating  apparatus;  controlling  the  flux  field  gener- 
ated  by  the  apparatus  such  as  to  create  electrical  cur- 
rent  within  the  predetermined  electrically  conductive 
items  which  react  with  the  generated  electromagnetic 
flux  field  causing  the  creation  of  a  directional  force 
upon  the  predetermined  items,  in  association  with  the 
subjection  thereof  to  the  fluid,  such  as  to  move  only 
the  predetermined  electrically  conductive  Herns  out  of 
and  away  from  the  flow  of  material  in  a  predetermined 
direction  for  a  predetermined  distance. 

The  fluid  maybe  air,  and  the  subjection  of  the  flow 
of  materials  to  the  fluid  action  may  be  by  means  of  an 
air  fan  serving  either  to  assist  in  the  movement  of  the 
predetermined  electrically  conductive  items,  orto  res- 
ist  the  movement  of  any  other  items  from  the  flow  of 
materials. 

Preferrably  however,  the  fluid  is  a  liquid,  and  the 
flow  of  materials  may  be  arranged  to  be  immersed  in 
a  liquid  at  the  point  of  separation,  i.e.  as  the  materials 
pass  adjacent  the  electromagnetic  field  generating 
apparatus. 

Advantages  of  this  arrangements  are  asfollows:- 
(a)  the  friction  experienced  by  the  separated 
items  is  reduced  as  the  liquid  acts  as  a  lubricator 

and  the  apparent  weight  of  the  items  is  reduced 
by  virtue  of  the  displaced  liquid; 
(b)  the  liquid  can  be  a  degreasing  solution  or  sol- 
vent  which  helps  in  the  separation  of  shapes 

5  and/or  materials  in  that  the  tendency  of  the  diffe- 
rent  items  to  stick  together  is  greatly  reduced  (this 
is  especially  of  use  in  the  separation  of  specific 
shaped  items  from  swarf  of  the  same  material 
after  a  machining  operation); 

10  (c)  the  liquid  may  have  ultrasonic  transducers 
introduced  into  it  which  not  only  helps  if  used  in 
conjunction  with  (b)  above,  but  also  has  the  result 
of  further  reducing  the  static  friction  effect  when 
trying  to  separate  out  very  small  items; 

15  (d)  the  liquid  can  be  made  to  flow  in  a  direction 
roughly  opposite  to  that  of  the  selected  items  at 
the  point  of  separation  thereby  reducing  the  ten- 
dency  of  unwanted  items  and/or  materials  to  be 
dragged  out  of  the  mixture  by  the  selected  items 

20  as  those  unwanted  items  and/or  materials  are 
effectively  swept  back  into  the  mixture  by  the  flow 
of  liquid. 
The  electromagnetic  field  generating  apparatus 

may  comprise  an  electromagnetic  induction 
25  apparatus  creating  a  fixed  flux  field  such  as,  for 

example,  a  design  modification  of  the  structure  of  an 
induction  heater.  Alternatively,  and  in  a  preferred 
embodiment,  the  electromagnetic  field  generating 
apparatus  is  arranged  to  produce  a  travelling  flux  field 

30  transverse  to  the  direction  of  travel  of  the  materials 
adjacent  thereto.  Such  a  travelling  flux  field  has  been 
found  to  be  of  great  effectiveness  in  the  operation  of 
the  invention.  Thus,  most  conveniently,  a  linear  induc- 
tion  motor  stator  may  be  used  as  the  electromagnetic 

35  field  generating  apparatus. 
With  a  linear  motor,  it  is  to  be  noted  that  the  speed 

of  flux  field  movement  (which  I  believe  can  be  signifi- 
cant  in  some  embodiments  of  my  invention  because 
induced  current  depends  on  the  flux  density  and  the 

40  speed  of  field  travel)  is  directly  related  to  the  supply 
frequency  and  the  pole  pitch. 

In  the  case  of  a  linear  motor  it  has  been  found  that 
after  making  a  suitable  choice  of  pole  pitch  in  the 
design  of  the  motor,  control  of  the  flux  field  to  provide 

45  the  required  movement  of  the  predetermined  items 
can  be  by  determination  of  the  necessary  input  power 
and/or  the  power  supply  frequency. 

In  accordance  with  another  aspect  of  the  present 
invention  there  is  provided  a  method  of  separating 

so  predetermined  non-magnetic  electrically  conductive 
items  from  a  flow  of  non-magnetic  electrically  con- 
ducting  materials  containing  such  items  comprising 
the  steps  of  passing  the  flow  of  materials  adjacent  to 
a  linear  induction  motor;  controlling  the  flux  field  gen- 

55  erated  by  the  linear  induction  motor  and  providing  a 
pulse  of  such  field  by  switching  on  and  off  the  linear 
induction  motor  at  a  frequency  lower  than  the  supply 
frequency  such  as  to  create  consequential  pulsed 
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is  applicable  is  that  of  separating  cast  or  moulded 
electrically  conductive  items,  after  release  from  the 
appropriate  dies  or  moulds  and  from  those  solidified 
portions  of  material  with  which  the  items  are  formed, 
from  the  feed  and/or  overflow  parts.  Thus,  purely  by 
way  of  example,  a  problem  arises  in  the  die  casting  of 
conductive  metal  alloy  components,  which,  after  ejec- 
tion  from  the  die  are  broken  from  the  metal  solidified 
in  the  sprue,  feeder  and  overflow  portions,  and  are 
then  fed  away  from  the  casting  machine  for  sepa- 
ration  of  the  component  itself.  In  such  circumstances 
separation  tends  to  be  a  somewhat  difficult  and 
expensive  task  because  the  sharp  angularity  of  the 
sprue  formed  material  in  particular,  and  the  generally 
awkward  dimensions  of  the  various  products  render 
vibratory  screen  separation  techniques  difficult  and 
expensive  to  utilise  so  that  separation  of  the  items 
from  their  associated  scrap  metal  portions  is  of  neces- 
sity  commonly  carried  out  by  manual  operation.  This 
is  itself  an  expensive  and  inefficient  method  of  sorting, 
particularly  since  it  necessitates  a  considerable  cool- 
ing  of  the  items  and  the  scrap  metal.  This  is  particu- 
larly  disadvantageous  if  it  is  intended,  as  frequently  is 
the  case,  that  scrap  metal  be  immediately  remelted 
for  reuse,  because  of  the  consequent  expense  of 
additional  reheating. 

Another  typical  example  of  material  separation  in 
an  area  where  the  invention  has  good  application  is 
the  separation  of  items  produced  on  a  lathe  or 
machining  centre,  particularly  small  items,  from  their 
accompanying  swarf.  Yet  again  normal  separation 
techniques  in  such  a  situation  can  be  time  consuming 
and  costly. 

Whilst  a  linear  induction  motor  has  particular 
advantages  in  that  it  can  be  arranged  to  move  a  con- 
ductive  item  in  a  particular  direction  over  a  consider- 
able  distance,  a  simple  inductive  device  similar  to  that 
used  for  induction  heating  can,  with  the  appropriate 
configuration  and  power  arrangments,  provide  an 
adequate  "throw"  force  with  respect  to  the  particular 
items  concerned  easily  to  remove  specific  items  from 
a  mixed  collection  of  materials. 

In  one  convenient  form  of  the  invention,  the  ma- 
terial  from  which  items  are  to  be  separated  can  be 
moved  by  means  of  a  travelling  and/or  vibrating  con- 
veyor  across  the  upper  face  of  a  suitable  induction 
apparatus.  Vibration  of  the  conveyor,  in  some  inst- 
ances,  is  particularly  beneficial  in  assisting  the 
removal  of  the  predetermined  items. 

I  have  found  it  especially  beneficial  for  the  con- 
veyor  to  be  inclined  on  its  upper  face  with  its  windings 
and  power  configuration  arranged  such  that  materials 
not  experiencing  the  appropriate  induced  forces,  slide 
across  the  inclined  upper  face  of  the  device  into  an 
appropriate  receptacle,  whilst  the  specified  items  are 
"thrown"  in  a  different  direction,  for  example,  up  the 
inclination  and  into  a  second  appropriate  receptacle. 
Such  an  arrangement  has  been  found  to  be  particu- 

electric  currents  within  the  predetermined  electrically 
conductive  items  which  react  with  the  pulsed  gener- 
ated  electromagnetic  flux  field  causing  the  creation  of 
an  intermittent  force  upon  the  predetermined  items 
such  as  to  move  only  the  predetermined  electrically  5 
conductive  items  out  of  and  away  from  the  flow  of 
materials. 

The  switching  of  the  linear  induction  motor  may 
be  by  means  of  simple  electronic  control  equipment. 

On  attempting  to  select  either-  10 
(a)  items  which  are  very  small,  or  which  because 
of  their  topology  or  because  of  their  material  of 
composition  have  a  low  thrustmass  ratio  when 
exposed  to  the  flux  field  of  the  linear  induction 
motor,  or  15 
(b)  Herns  which  intrinsically  have  a  relatively  low 
ratio  of  conductivity:mass, 

it  is  often  the  case  that  with  a  given  configuration  of 
linear  induction  motor  with  mechanical  equipment 
comprising  inter  alia  a  conveyor  (which  may  be  vibrat-  20 
ing)  and  a  given  electrical  supply  to  that  linear  induc- 
tion  motor,  the  flux  produced  is  insufficient  to  cause 
those  desired  items  to  move  entirely  satisfactorily 
from  the  mixed  stream.  A  higher  flux  density  can  be 
achieved  from  a  given  configuration  of  equipment  by  25 
pulsing  the  supply  which  causes  a  flux  which  is  inter- 
mittently  high,  the  rest  of  the  time  being  zero.  This 
method  overcomes  the  problem  of  the  overheating  of 
the  electrical  winding  of  the  linear  induction  motor 
whilst  achieving  flux  densities  higher  than  would  30 
otherwise  be  possible. 

It  has  been  found  in  practice  that  for  the  removal 
of  relatively  small  predetermined  items  away  from  the 
flow  of  materials  (for  example  items  having  dimen- 
sions  varying  from  a  score  or  so  of  em's  down  to  a  mm  35 
or  less)  the  method  of  the  invention  is  particularly 
effective  when  used  with  a  linear  motor  stator  having 
a  small  pole  pitch  (for  example  less  than  6  cm)  and  a 
high  flux  density  (for  example  greater  than  0.3  Teslar). 

The  method  may  be  used  with  a  control  system  40 
for  the  linear  induction  motor  incorporating  variable 
terminal  voltage  as  the  single  control  variable,  deter- 
mining  flux  density.  Such  supply-frequency  system 
may  be  either  single  phase  and  three  phase. 

The  method  may  also  be  used  where  the  motor  is  45 
provided  with  a  variable  frequency  control  system 
whereby  in  the  method  both  frequency  and  flux  den- 
sity  can  be  controlled,  and  this  may  be  by  means  of  a 
three-phase  invertor. 

A  variable  frequency  supply,  although  adding  to  50 
the  cost  of  capital  equipment  in  use  of  the  method, 
(which  can  be  in  the  form  of  a  three  phase  invertor) 
enables  both  frequency  and  flux  density  produced  by 
the  induction  motor  to  be  controlled.  A  single  phase 
supply  can  be  made  to  operate  on  a  three  phase  sys-  55 
tern  by  means  of  the  already  known  steinmetz  con- 
nection,  for  example. 

A  typical  problem  to  which  the  present  invention 
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larly  capable  of  ensuring  that  only  the  desired  speci- 
fied  items  are  moved  to  their  receptacle. 

These  forms  of  the  invention  have  been  found  to 
be  eminently  suitable  for  separating  small  metallic 
items,  such  as  brass  or  light  metal  alloy,  from  swarf  or  5 
other  appropriate  flashing  or  scrap  material 
associated  with  it.  Again,  by  appropriate  choice  of 
power  in  a  sequence  of  induction  apparatus  disposed 
u  nder  a  continuing  conveyor,  conductive  scrap  can  be 
sequentially  separated  into  different  sizes  and/or  10 
shapes  and/or  materials. 

The  invention  includes  within  its  scope  apparatus 
for  carrying  out  the  methods  hereinabove  defined. 

In  order  that  the  invention  may  be  more  readily 
u  nderstood,  one  embodiment  thereof  will  now  be  des-  is 
cribed  byway  of  example  with  reference  to  the  accom- 
panying  drawing  which  illustrates  schematically  and 
diagramatically  the  application  of  the  invention  to  the 
separation  of  die  cast  items  from  associated  scrap 
metal;  20 

In  the  figure  a  die  cast  machine  1  produces  fash- 
ion  accessories  such  as  buckles  for  belts  from  light 
alloy  metal.  The  die  casting  operation  is  of  a  standard 
nature,  and  on  opening  the  dies  aftercasting,  the  solid 
metal  comprising  the  components  for  use  as  the  belt  25 
buckles,  and  scrap  metal  which  comprises  the  metal 
solidified  in  the  sprue  and  the  feeders  to  the  compo- 
nent,  and  the  overflows  therefrom,  together  with  flash- 
ing  from  the  joints  between  the  die  pieces  are  all 
joined.  The  belt  components  are  automatically  physi-  30 
cally  broken  from  the  scrap  metal,  and  all  the  material 
is  ejected,  still  hot,  onto  a  vibratory  conveyor  2.  This 
carries  the  combined  metal  components  and  scrap 
metal  forward  to  a  small  linear  induction  motor  3, 
which  can  be  in  the  order  of  25  cm  x  50  cm  in  plan  35 
view,  although  sizes  can  vary  considerably  in  practice 
with  dimensions  between,  for  example,  15  cm  and  60 
cm.  With  appropriate  configuration  of  windings  pro- 
ducing  an  appropriate  inductive  effect,  electric  cur- 
rents  are  set  up  within  the  components  such  as  to  40 
provide  an  appropriate  force  upon  the  buckles  to 
remove  them  from  the  linear  motor  to  one  side  into  an 
appropriate  collecting  receptacle  4,  whilst  not  having 
the  same  effect,  because  of  different  dimensions  and 
masses,  on  the  scrap  metal  parts  of  the  remaining  ma-  45 
terial  on  the  motor.  The  linear  motor  itself  may  be  set 
with  its  upper  face  at  an  inclined  angle  to  the  horizon- 
tal  so  that  the  selected  components  have  to  rise  up  the 
incline  thereby  increasing  the  selectivity.  Remnant 
scrap  metal  left  behind  on  the  conveyor  after  the  belt  50 
components  have  been  lifted  off  will  slide  into  a  con- 
tainer  5  at  the  end  of  the  conveyor,  or  alternatively 
may  be  fed  directly  back  to  a  melting  furnace 
associated  with  the  die  cast  machine.  It  is  to  be  stres- 
sed  that  by  testing  an  appropriate  configuration  and  55 
power  setting  for  the  motor  it  can  be  provided  such  as 
to  move  the  components,  but  not  to  move  the  metal 
solidified  from  the  sprue  or  feeders  or  overflows  of  the 

die  cast,  these  in  practise  invariably  being  of  different 
size  and/or  shape  and  dimension  to  the  belt  compo- 
nents. 

It  is  to  be  observed  that  the  linear  induction  motor 
3,  and  the  conveyor,  and  the  flow  of  materials  carried 
thereby  at  the  place  of  separation  are  immersed  in  a 
tank  6  of  liquid  which  may  conveniently  be  a  degreas- 
ing  solution  or  solvent.  The  liquid  is  arranged  to  have 
a  flow  in  the  direction  of  arrow  7.  By  this  means,  the 
friction  experienced  by  particles  on  the  conveyor  are 
reduced,  the  nature  of  the  liquid  helps  separate  indi- 
vidual  items,  and  the  flow  of  the  liquid  reduces  the  ten- 
dency  of  unwanted  items  to  be  dragged  out  of  the 
mixture  by  the  preselected  items. 

In  addition  the  linear  induction  motor  is  arranged 
to  operate  on  a  pulse  basis.  Thus,  the  motor  may  be 
a  nominally  20  amp  motor,  but  may  be  arranged  to 
operate  on  a  pulse  basis  at  40  amps  for  half  of  the  time 
in  any  given  period,  and  be  switched  off  for  the  other 
half  of  the  time.  With  such  an  arrangement,  provided 
the  frequency  of  pulsing  is  less  than  the  supply  fre- 
quency  to  the  motor,  more  flux  is  generated  providing 
a  stronger  separating  force  upon  the  preselected 
items,  but  no  extra  heat  is  in  aggregate  generated, 
which  is  of  key  importance.  In  practice  the  switching 
frequency  should,  I  believe,  be  no  less  than  double 
the  supply  frequency.  It  is  to  be  noted  that  in  some 
arrangements  the  period  during  which  the  motor  is  on 
and  the  period  during  which  it  is  off  need  not  be  equal. 
Thus,  the  motor  can  be  on  for  one  unit,  and  off  for  two 
units  of  time. 

It  is  to  be  understood  that  the  invention  of  the  pre- 
sent  application  is  not  applicable  to  the  separation  of 
magnetic  materials,  since  these  would  have  a  diffe- 
rent  reaction  with  respect  to  electromagnetic  induc- 
tion  apparatus  by  virtue  of  normal  magnetic  effects. 
Various  separation  systems  with  respect  to  magnetic 
materials  from  non-magnetic  materials  have  been 
developed  over  many  years.  Indeed  the  success  in 
dealing  with  the  separation  of  magnetic  materials 
from  non-magnetic  materials  serves  to  stress  even 
more  highly  the  problems  of  achieving  satisfactory 
separation  where  no  magnetic  materials  are  involved, 
of  the  kind  to  which  the  present  invention  is  so  suitably 
applicable. 

By  means  of  the  invention  as  described  and  illus- 
trated,  I  have  provided  a  most  convenient  and  effec- 
tive  method  for  separating  specific  metal  or  other 
conductive  items  from  a  miscellaneous  assortment  of 
items  of  the  same  or  other  conductive  materials. 

It  is  to  be  understood  that  the  foregoing  is  merely 
exemplary  of  separation  methods  in  accordance  with 
the  invention  and  that  modifications  can  readily  be 
made  thereto  without  departing  from  the  true  scope  of 
the  invention. 
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Claims 

1  .  A  method  of  separating  predetermined  non-mag- 
netic  electrically  conductive  items  from  a  flow  of 
non-magnetic  electrically  conductive  materials  5 
containing  such  items  comprising  the  steps  of 
passing  the  flow  of  materials  adjacent  to  elec- 
tromagnetic  field  generating  apparatus;  subject- 
ing  the  materials  to  the  action  of  a  fluid  whilst  the 
flow  of  materials  is  adjacent  to  the  electromagne-  10 
tic  field  generating  apparatus;  controlling  the  flux 
field  generated  by  the  apparatus  such  as  to 
create  electrical  current  within  the  predetermined 
electrically  conductive  items  which  react  with  the 
generated  electromagnetic  flux  field  causing  the  15 
creation  of  a  directional  force  upon  the  predeter- 
mined  items,  in  association  with  the  subjection 
thereof  to  the  fluid,  such  as  to  move  only  the  pre- 
determined  electrically  conductive  items  out  of 
and  away  from  the  flow  of  material  in  a  predeter-  20 
mined  direction  for  a  predetermined  distance. 

2.  A  method  as  claimed  in  Claim  1  wherein  the  fluid 
is  a  liquid. 

25 
3.  A  method  as  claimed  in  Claim  2  wherein  the  flow 

of  materials  is  arranged  to  be  immersed  in  a  liquid 
as  the  materials  pass  adjacent  the  electromagne- 
tic  field  generating  apparatus. 

30 
4.  A  method  as  claimed  in  any  one  of  the  preceding 

claims  wherein  the  electromagnetic  field  generat- 
ing  apparatus  is  arranged  to  produce  a  travelling 
flux  field  transverse  to  the  direction  of  travel  of  the 
materials  adjacent  thereto.  35 

5.  A  method  as  claimed  in  Claim  4  wherein  a  linear 
induction  motor  stator  is  used  as  the  electromag- 
netic  field  generating  apparatus. 

40 
6.  A  method  as  claimed  in  Claim  5  wherein  control 

of  the  flux  field  to  provide  the  required  movement 
of  the  predetermined  items  is  achieved  by 
appropriate  selection  of  the  necessary  input 
power  and/or  the  power  supply  frequency.  45 

7.  A  method  of  separating  predetermined  non-mag- 
netic  electrically  conductive  items  from  a  flow  of 
non-magnetic  electrically  conducting  materials 
containing  such  items  comprising  the  steps  of  so 
passing  the  flow  of  materials  adjacent  to  a  linear 
induction  motor; 
controlling  the  flux  field  generated  by  the  linear 
induction  motor  and  providing  a  pulse  of  such 
field  by  switching  on  and  off  the  linear  induction  55 
motor  at  a  frequency  lower  than  the  supply  fre- 
quency  such  as  to  create  consequential  pulsed 
electric  currents  within  the  predetermined  electri- 

cally  conductive  items  which  react  with  the  pulsed 
generated  electromagnetic  flux  field  causing  the 
creation  of  an  intermittent  force  upon  the  pre- 
determined  items  such  as  to  move  only  the  pre- 
determined  electrically  conductive  items  out  of 
and  away  from  the  flow  of  materials. 

8.  A  method  as  claimed  in  Claim  7  wherein  the 
switching  of  the  linear  induction  motor  is  by 
means  of  simple  electronic  control  equipment. 

9.  A  method  as  claimed  in  any  one  of  Claims  7  or  8 
wherein  the  linear  motor  incorporates  a  stator 
having  a  small  pole  pitch  and  a  high  flux  density. 

10.  A  method  as  claimed  in  any  one  of  Claims  7,  8  or 
9  including  a  control  system  for  the  linear  induc- 
tion  motor  incorporating  variable  terminal  voltage 
as  the  single  control  variable,  determining  flux 
density. 

1  1.  A  method  as  claimed  in  any  one  of  Claims  7,  8  or 
9  wherein  the  linear  inducation  motor  is  provided 
with  a  variable  frequency  control  system  whereby 
both  frequency  and  flux  density  can  be  controlled. 

12.  Apparatus  for  carrying  out  the  methods  claimed  in 
any  one  of  the  preceding  claims. 

25 

30 
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