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©  Magnetic  signature  simulation  apparatus. 

©  Magnetic  signature  simulation  apparatus  suit- 
able,  for  example,  for  use  in  magnetic  minesweep- 
ing,  comprises  a  plurality  of  magnetisable  elements 
1  linked  together,  and  magnetising  means  (8)  op- 
erable  upon  each  element  selectively  to  set  the 
desired  magnetisation  state  of  the  element  to  satura- 
tion  or  to  less  than  saturation  in  either  direction.  The 
elements  1  may  thus  together  reproduce  the  mag- 

«~  netic  signature  of  a  range  of  different  ships.  The 
^elements  1  are  preferably  provided  with  buoyancy 
<0  material  2  and  encased  by  a  continuous  plastics 
CN!  sleeve  3. 

CO 
CO 

5  n c r .  Fig.  3  

Q.  
LU 

Xerox  Copy  Centre 



1 EP  0  364  126  A1 2 

MAGNETIC  SIGNATURE  SIMULATION  APPARATUS 

This  invention  relates  to  magnetic  signature 
simulation  apparatus,  usable,  for  example,  in  simu- 
lating  a  ship's  magnetic  signature,  especially  in 
minesweeping. 

GB-B-2  142  781  discloses  a  minesweeping  ap- 
paratus  comprising  a  string  of  6  to  10  variable 
moment  magnets,  each  of  which  comprises  a  plu- 
rality  of  magnetisable  cores  surrounded  by  sole- 
noids  which  can  be  pulsed  to  set  the  magnetisation 
state  of  the  core  to  positive  or  negative  saturation. 
By  appropriately  setting  the  magnetisation  states  of 
the  separate  cores,  the  overall  magnetic  moment  of 
the  separate  cores  may  be  set  to  a  predetermined 
value.  Setting  each  magnet  in  the  string  to  an 
appropriate  value  permits  the  simulation  of  the 
magnetic  signatures  of  a  range  of  different  ships. 

Each  of  the  magnets  in  the  string  typically 
comprises  19  magnetisable  cores,  each  formed  of 
7  steel  rods,  with  a  copper  wound  solenoid  around 
the  core.  In  order  to  achieve  a  large  enough  maxi- 
mum  magnetic  moment,  a  relatively  high  core 
mass  is  required,  and  the  resulting  weight  of  each 
magnet,  taking  into  account  the  cores,  the  sole- 
noids  and  casing,  is  typically  about  2.5  tonnes. 
This  weight  makes  handling  difficult. 

With  a  single  string  of  magnets,  the  swept 
width  is  relatively  narrow,  and  thus  considerable 
navigational  precision  is  required  to  ensure  full 
coverage  of  any  given  area  of  sea.  In  order  to 
broaden  the  swept  width,  the  field  strength  of  the 
magnets  could  be  increased,  but  this  could  have 
two  major  disadvantages.  Firstly,  the  weight  of 
each  magnet  might  be  increased,  thereby  increas- 
ing  handling  difficulties,  and  secondly,  the  field 
immediately  beneath  the  string  might  become  ex- 
cessive,  permitting  the  use  of  magnetic  mines  de- 
signed  to  distinguish  the  simulated  signature  from 
that  of  a  ship.  An  alternative  would  be  to  use  two  or 
more  parallel  strings  of  magnets.  This  would  permit 
each  individual  magnet  to  be  lighter  in  weight,  but 
the  overall  weight  of  the  strings  would  be  greater, 
thereby  again  increasing  handling  difficulties. 

A  further  disadvantage  with  the  use  of  such 
strings  of  magnets  is  that  the  cost  of  each  magnet 
is  relatively  high,  and  since  the  activation  of  a  mine 
involves  the  risk  of  damage  to  the  string  and  possi- 
ble  loss  of  magnets,  the  operating  costs  can  be 
high. 

The  present  invention  provides  magnetic  signa- 
ture  simulation  apparatus  comprising  a  plurality  of 
magnetisable  elements  linked  together  and  mag- 
netising  means  operable  upon  the  magnetisable 
elements  selectively  to  set  the  resulting  field 
strength  of  each  element  to  any  desired  level  from 
zero  to  saturation  in  either  direction,  whereby  the 

combined  field  resulting  from  all  the  elements  to- 
gether  simulates  the  desired  magnetic  signature. 

Preferably,  the  or  each  magnetisable  element 
is  provided  with  buoyancy  means  for  providing  the 

5  element  with  a  desired  buoyancy  in  water.  The 
buoyancy  means  may  suitably  comprise  a  plastics 
foam  casing,  or  an  inflatable  sheath,  which  could 
be  segmented  to  reduce  risk  of  loss  through  punc- 
ture. 

10  It  has  been  found  that  the  heat  treatment  re- 
quired  to  achieve  in  carbon  steel  the  desired  mag- 
netic  properties,  for  example  a  high  remanence, 
preferably  at  least  9000  gauss,  and  a  coercivity  as 
low  as  possible,  but  sufficient  to  ensure  that  there 

75  will  be  no  influence  by  the  earth's  magnetic  field  or 
by  other  magnets,  e.g.  about  65  Oersted,  is  effec- 
tive  to  a  depth  of  only  about  10mm  from  the 
surface  of  the  steel.  Accordingly,  the  or  each  mag- 
netisable  element  in  the  apparatus  of  the  present 

20  invention  is  preferably  formed  as  a  tube,  which 
need  not  be  of  circular  cross-section,  nor  constant 
wall  thickness.  The  tube  is  suitably  surrounded  with 
buoyancy  material,  for  example  foam  polyurethane, 
for  use  in  water,  and,  where  a  plurality  of  elements 

25  are  linked  together,  enclosed  within  a  continuous 
flexible  sleeve,  which  serves  to  render  the  tubes 
watertight  and  to  provide  the  flexible  coupling  be- 
tween  adjacent  elements.  The  flexible  sleeve  is 
suitably  formed  from  heat-shrunk  plastics  material. 

so  The  magnetising  means  is  suitably  a  coil  ar- 
rangement  comprising  one  or  more  coils  preferably 
arranged  so  as  to  be  able  to  surround  one  of  the 
magnetisable  elements  (these  are  conveniently 
each  1  m  in  length).  Control  means  supply  power 

35  to  the  coils  according  to  the  desired  magnetisation 
state  for  the  element.  If  the  element  is  to  be 
magnetised  to  saturation  in  either  direction,  a  short 
pulse  of  a  relatively  high  current  is  fed  to  the  coils 
in  the  appropriate  direction.  It  may  be  convenient 

40  to  provide  this  pulse  of  current  from  capacitors 
which  can  be  charged  up  with  a  relatively  small 
current  from  a  ship's  power  supply.  A  lower  current 
pulse  is  used  where  a  lower  level  of  magnetisation 
is  required,  and  the  apparatus  also  preferably  com- 

45  prises  sensing  means  to  determine  the  residual 
field  in  the  element  after  the  current  has  been 
removed  from  the  coils.  Control  means  preferably 
apply  a  high  current  pulse  to  establish  magnetic 
saturation  in  the  element,  followed  by  a  lower  cur- 

50  rent  pulse  or  series  of  pulse  in  appropriate  direc- 
tion  to  bring  the  magnetisation  to  the  desired  level. 
Where  the  magnetic  signature  requires  an  element 
with  no  magnetic  moment,  or  when  the  string  is 
being  returned  for  storage  on  board  ship,  the  coils 
may  be  fed  with  an  appropriate  demagnetising 
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alternating  current. 
The  coil  arrangement  may  be  fixed  on  the  deck 

of  a  ship,  with  the  elements  being  deployed 
through  the  coil  arrangement  to  be  appropriately 
magnetised  one  by  one.  Alternatively,  where  the 
size  of  ship  does  not  permit  storage  of  the  string 
on  board,  for  example,  the  coil  arrangement  may 
be  constructed  to  float  semi-submerged  in  the  wa- 
ter  so  that  the  elements  may  be  drawn  through  it  or 
so  that  it  may  be  moved  along  the  string.  In  a 
further  embodiment  of  the  invention,  a  coil  arrange- 
ment  and  magnetic  sensing  means  are  perma- 
nently  located  within  or  around  each  element. 

The  size  and  flexible  coupling  of  the  elements 
facilitate  their  handling  and  storage  on  board  ship. 
For  example,  they  may  be  wound  on  to  a  drum, 
which  may  be  provided  with  flat  faces  correspond- 
ing  to  the  size  and  spacing  of  the  elements.  Alter- 
natively,  the  elements  may  be  formed  as  self- 
contained  watertight  units  which  can  be  separated 
for  storage,  e.g.  by  simple  stacking  on  the  deck  of 
a  ship,  and  recoupled  together  for  deployment. 
Such  an  arrangement  would  also  permit  the  inser- 
tion  into  the  string  of  non-magnetic  elements  which 
serve  to  space  the  magnetised  elements,  if  the 
magnetic  signature  requires  this. 

Where  the  elements  are  stored  on  a  ship  when 
not  in  use,  the  storage  facilities,  such  as  the  drum, 
or  stacking  containers,  are  preferably  provided  with 
active  degaussing  apparatus,  for  example  degaus- 
sing  coils  extending  in  three  axes  and  means  for 
controlling  the  activation  of  the  coils  in  accordance 
with  the  field  measured  by  one  or  more  mag- 
netometers  arranged  on  the  ship.  This  minimises 
distortion  of  the  ship's  own  magnetic  signature  at 
any  instant  by  the  presence  of  the  magnetisable 
elements  together  at  one  location  on  the  ship. 

The  magnetising  means  is  suitably  controlled 
by  a  computer  which  can  be  arranged  to  identify 
the  position  of  an  element  in  the  string  and  to  set 
the  magnetisation  state  according  to  the  desired 
signature. 

As  the  weight  of  core  material  in  a  typical 
string  is  limited  by  the  previously-mentioned  han- 
dling  considerations,  two  or  more  parallel  strings 
can  readily  be  deployed,  with  the  same  or  a  dif- 
ferent  magnetisation  pattern,  according  to  the  over- 
all  desired  signature. 

The  depth  at  which  the  string  operates  can  be 
varied  in  a  number  of  ways.  For  example,  depres- 
sors  can  be  fitted  to  some  or  all  of  the  elements  to 
set  the  depth  according  to  the  towing  speed  and 
the  angle  of  depression.  Alternatively,  the  buoy- 
ancy  material  may  be  designed  to  give  an  overall 
buoyancy  permitting  operation  at  the  desired 
depth.  Where  inflatable  buoyancy  material  is  used, 
the  degree  of  inflation  may  be  used  to  assist  in 
control  of  the  operating  depth. 

In  addition  to  the  magnetic  signature  simuilated 
by  the  string,  it  is  possible  to  adapt  the  string  to 
simulate  other  signatures  at  the  same  time.  For 
example  acoustic  transducers  can  be  incorporated 

5  into  at  least  some  of  the  elements,  or  their  buoy- 
ancy  material,  or  even  strapped  on  to  the  exterior 
of  the  buoyancy  material  as  the  string  is  deployed, 
the  pattern  being  arranged  according  to  the  desired 
acoustic  signature.  Instructions  for  the  positioning 

w  can  be  provided  by  the  control  computer.  Power 
and  modulation  for  the  transducers  can  be  pro- 
vided  by  r.f.  coupling  from  a  cable  passing  through 
the  buoyancy  material,  for  example. 

In  an  alternative  embodiment,  the  string  of 
75  small  magnetisable  elements  is  replaced  with  a 

smaller  number  of  larger  tubular  elements,  the 
overall  magnetisation  state  of  the  element  being  set 
to  the  desired  level  with  a  suitably  dimensioned 
coil  arrangement. 

20  The  magnetic  apparatus  of  the  present  inven- 
tion  permits  greater  variation  per  unit  length  than 
apparatus  in  which  the  magnetic  elements  are  set 
only  at  saturation. 

Reference  is  made  to  the  drawings,  in  which: 
25  Figure  1  is  a  perspective  sectional  view 

showing  a  short  portion  of  a  string  of  magnetisable 
elements  forming  part  of  the  apparatus  according 
to  one  embodiment  of  the  invention; 

Figure  2  is  a  diagrammatic  plan  view  of 
30  apparatus  in  accordance  with  one  embodiment  of 

the  invention  in  use  in  minesweeping; 
Figure  3  illustrates  the  storage  and  deploy- 

ment  of  the  string  for  example  as  shown  in  Figure 
1;  and 

35  Figure  4  is  a  diagrammatic  plan  view  of 
apparatus  in  accordance  with  another  embodiment 
of  the  invention  in  use  in  minesweeping. 

Referring  first  to  Figure  1,  each  magnetisable 
element  comprises  a  tube  1  of  6Cr  1C  steel,  heat 

40  treated  to  ensure  that  the  remanence  and  coer- 
civity  are  as  hereinbefore  specified.  The  length  of 
the  tube  1  will  be  selected  according  to  handling 
convenience  and  magnetic  signature  required.  A 
convenient  length  is  1  m,  with  the  tube  external 

45  diameter  being,  for  example,  80  mm.  Figure  1 
shows  a  short  portion  of  one  tube  connected  to 
another  tube,  of  which  again  only  a  short  portion  is 
shown,  for  convenience. 

The  tube  1  is  encased  in  sufficient  polyure- 
50  thane  foam  buoyancy  material  2  to  ensure  that  it 

will  float  in  water,  and  a  continuous  plastics  sleeve 
3  is  then  heat-shrunk  on  to  the  elements  with  a 
spacing  of  about  150  mm  between  them  to  allow 
the  string  of  elements  so  formed  to  flex.  The  total 

55  length  of  the  strings  4  (Figure  2)  thus  formed  will 
typically  be  137  to  150  m,  but  can  be  greater  or 
smaller  than  this,  according  to  the  signature  to  be 
simulated. 

3 
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Figure  2  shows  two  parallel  strings  4  being 
towed  by  a  vessel  5.  Vanes  (not  shown)  are  suit- 
ably  provided  at  the  leading  end  of  each  string  to 
counteract  the  tendency  of  the  strings  to  move 
towards  each  other.  For  safety  reasons,  the  towing 
cables  6  may  be  substantially  longer  than  shown. 
The  vessel  5  carries  a  drum  winch  7  for  storage  of 
the  strings  when  not  in  use,  and  a  magnetising  coil 
8.  These  will  be  described  in  more  detail 
hereinafter  with  reference  to  Figure  3. 

In  use,  the  vessel  5,  having  deployed  the 
strings  4  with  the  magnetisable  elements  set  to 
simulate  the  magnetic  signature  of,  say,  a  degaus- 
sed  ship,  tows  the  strings  on  a  predetermined  path. 
A  magnetic  mine  beneath  this  path  will  detect  the 
magnetic  signature  and  explode.  The  flexibility  and 
small  size  of  the  strings  reduce  the  risk  of  their 
being  damaged  by  any  explosion,  but  since  the 
construction  of  the  strings  is  simple,  the  cost  of 
any  loss  will  be  relatively  small. 

Figure  3  illustrates  on  a  larger  scale  the  stern 
section  of  the  vessel  5  shown  in  Figure  2.  The 
drum  winch  7  is  used  to  store  the  string  or  strings 
4  when  not  used,  the  surface  of  the  drum  being 
divided  into  flat  faces  each  approximately  1  m  long 
to  hold  the  magnetisable  elements.  The  strings  4 
are  deployed  via  the  magnetising  coil  8,  element 
by  element,  the  number  of  the  element  in  the  string 
being  noted,  for  example  by  an  externally-marked 
code  readable  by  the  coil  arrangement,  and  the 
magnetisation  state  being  set  by  the  coil  in  accor- 
dance  with  a  predetermined  pattern.  On  recovery 
of  the  strings,  each  element  again  passes  through 
the  coil  arrangement  8,  to  be  demagnetised  by 
application  of  an  alternating  current  to  the  coil  in  a 
predetermined  pattern,  before  being  drawn  on  to 
the  drum  7  for  storage.  This  ensures  that  the 
magnetic  signature  of  the  vessel  5  is  not  substan- 
tially  increased  by  the  presence  of  the  strings  4  on 
board. 

Figure  4  shows  the  use  in  minesweeping  of 
apparatus  according  to  an  alternative  embodiment 
of  the  invention.  A  string  of  five  large  elements  40 
coupled  by  cables  6  is  towed  by  a  vessel  5.  Each 
element  40  comprises  a  steel  tube  encased  in 
buoyancy  material.  The  magnetising  apparatus 
may  suitably  be  floating  on  the  water  and  semi- 
submersible  to  permit  the  elements  to  pass 
through  for  the  magnetisation  to  be  set.  Alternative- 
ly,  the  magnetising  apparatus  may  be  built  in  to  or 
around  each  of  the  elements  40. 

Claims 

1.  Magnetic  signature  simulation  apparatus 
comprising  a  plurality  of  magnetisable  elements 
linked  together  and  magnetising  means  operable 

upon  the  magnetisable  elements  selectively  to  set 
the  resulting  field  strength  of  each  element  to  any 
desired  level  from  zero  to  saturation  in  either  direc- 
tion,  whereby  the  combined  field  resulting  from  all 

5  the  elements  together  simulates  the  desired  mag- 
netic  signature. 

2.  Apparatus  according  to  Claim  1,  wherein 
each  magnetisable  element  is  provided  with  buoy- 
ancy  means  for  providing  the  element  with  a  de- 

10  sired  buoyancy  in  water. 
3.  Apparatus  according  to  Claim  1  or  2, 

wherein  each  magnetisable  element  comprises  a 
tube  of  magnetisable  material. 

4.  Apparatus  according  to  Claim  1,  2  or  3, 
75  wherein  the  magnetisable  elements  are  flexibly 

coupled  together  by  means  of  a  continuous  flexible 
sleeve  enclosing  the  elements. 

5.  Apparatus  according  to  any  preceding  claim, 
wherein  the  magnetising  means  comprise  a  mag- 

20  netising  coil  arrangement,  the  coil  arrangement  and 
the  eiements  being  relatively  movable  to  permit 
each  element  in  turn  to  be  located  within  the  mag- 
netising  influence  of  the  coil  arrangement,  and  con- 
trol  means  for  activating  the  coil  arrangement  in 

25  accordance  with  the  desired  magnetisation  state  of 
each  element. 

6.  Apparatus  according  to  Claim  5,  wherein  the 
magnetising  coil  arrangement  is  arranged  to  be  at 
least  partially  submersible  in  water  whereby  the 

30  magnetisable  elements  may  be  moved  thereth- 
rough  in  the  water. 

7.  Apparatus  according  to  Claim  6,  wherein  the 
magnetising  coil  arrangement  is  movable  in  the 
water  from  one  magnetisable  element  to  another. 

35  8.  Apparatus  according  to  any  preceding  claim, 
wherein  measuring  means  are  associated  with  the 
magnetising  means  for  determining  the  magnetisa- 
tion  state  of  each  element  before  and/or  after  op- 
eration  of  the  magnetising  means. 

40  9.  Apparatus  according  to  any  preceding  claim, 
wherein  at  least  one  adjacent  pair  of  magnetisable 
elements  is  coupled  together  via  a  non-magnetic 
spacing  element. 

10.  Apparatus  according  to  Claim  9,  wherein 
45  the  or  each  non-magnetic  spacing  element  is  of  the 

same  length  as  the  magnetisable  elements. 
11.  Apparatus  according  to  any  preceding 

claim,  wherein  at  least  one  acoustic  or  other  trans- 
ducer  is  provided  on  or  in  said  plurality  of  elements 

so  to  produce  an  acoustic  or  other  signature  in  addi- 
tion  to  the  magnetic  signature. 

12.  Apparatus  according  to  Claim  11,  wherein 
the  or  each  transducer  is  temporarily  secured  to 
the  exterior  of  a  selected  one  of  the  elements. 

55  13.  Apparatus  according  to  Claim  11  or  12, 
wherein  control  signals  and/or  power  for  the  or 
each  transducer  are  supplied  inductively  from  a 
conductor  extending  within  at  least  some  of  the 

4 
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elements. 
14.  Apparatus  according  to  any  of  Claims  5,  6 

and  7,  wherein  the  control  means  are  arranged  to 
supply  to  the  coil  arrangement  a  high  current  pulse 
to  establish  magnetic  saturation  in  the  element,  5 
followed,  if  required,  by  a  lower  current  pulse  or 
series  of  pulses  in  the  appropriate  direction  to 
bring  the  magnetisation  to  the  desired  level. 

15.  Apparatus  according  to  any  of  Claims  5,  6, 
7  and  14,  wherein  the  control  means  are  operable  10 
to  supply  to  the  coil  arrangement  a  demagnetising 
alternating  current. 
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