
J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
0  6 2 6   5 5 7   A 1  Oy  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.  Ci.5;  F42B  12/74,  F42B  8 /16  ©  Application  number:  94108060.8 

@  Date  of  filing:  26.05.94 

®  Priority:  27.05.93  GB  9310915 

©  Date  of  publication  of  application: 
30.11.94  Bulletin  94/48 

©  Designated  Contracting  States: 
DE  ES  FR  IT  PT 

©  Applicant:  Royal  Ordnance  pic 
Egyptian  House, 
170/173  Piccadilly 
London  W1V  9DD  (GB) 

@  Inventor:  Slater,  Melvyn  Eric 
32  Holly  Lane 
Great  Wyrley,  Walsall  WS6  6AQ  (GB) 
Inventor:  Hayward,  Andrew  Colston 
34  Glenwood  Rise 
Stonnall,  Walsall  WS9  9DZ  (GB) 
Inventor:  Edgson,  Keith  John 
8  Bowkers  Croft, 
Winterley 
Sandbach,  Cheshire  CW11  0RR  (GB) 

Representative:  Wildman,  David  Brian 
Royal  Ordnance  pic 
Patents  &  Licensing  Department 
Egyptian  House 
170/173  Piccadilly 
London  W1V  9DD  (GB) 

Practice  projectile  made  of  sintered  metal  powder. 

@  An  ammunition  for  practice  or  training  which 
ruptures  at  impact.  The  bullet  has  a  core  made  of 
sintered  metal  and  a  jacket  or  coating. 

Possible  core  material:  iron,  steel,  tungsten,  cop- 
per  and  bronze  powders.  The  metal  powder  has 
particle  size  up  to  200  microns,  e.g.  in  the  range  of 
20  to  150  micron. 

Possible  metal  jacket:  copper,  zinc,  nickel  alloy. 
Possible  plastics  jacket:  polyamide,  e.g.  nylon 

11;  polycarbonate  or  polyester  resin.  The  plastics 
coating  has  a  thickness  in  the  range  of  0,05  to 
0,4mm,  e.g.  0,08  to  0,15mm. 

Manufacturing  method:  the  projectile  is  sintered 
at  a  temperature  between  600  °  C  and  800  °  C  during 
to  1  to  5  hours;  the  projectile  is  heated  to  a  tempera- 
ture  above  the  melting  point  of  the  plastics  material 
and  then  placed  in  a  fluidised  bed  containing  plas- 
tics  particles  at  room  temperature;  the  plastics  coat- 
ing  is  reheated  with  infrared  heating  in  order  to  have 

a  smooth  surface. 
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This  invention  relates  to  projectiles  and  espe- 
cially  but  not  exclusively  to  frangible  training  pro- 
jectiles  for  small  arms  up  to  about  12.7mm  calibre. 

For  training  applications  it  is  highly  desirable  to 
provide  ammunition  which  is  relatively  safe  in  use 
but  resembles  the  performance  of  standard  am- 
munition  as  closely  as  possible  in  a  standard  weap- 
on  without  the  need  for  any  modification.  For  maxi- 
mum  realism,  the  training  round  should  be  capable 
of  normal  operation  of  all  automatic  weapon  func- 
tions  such  as  single  shot  and  automatic  modes  of 
fire  and  ejection,  and  should  provide  a  realistic 
level  of  recoil.  In  addition  the  practice  ammunition 
should  have  a  projectile  which  can  be  fired  at  a 
target  but  should  then  rapidly  lose  energy  so  as  to 
reduce  the  danger  of  ricochet  or  lethal  fragments. 

According  to  one  prior  proposal,  a  practice 
round  of  ammunition  has  a  case  of  plastics  material 
with  an  integrally  moulded  projectile,  but  a  special 
design  of  weapon  is  required  to  simulate  automatic 
operation,  including  extraction  and  reloading  func- 
tions.  The  user  will  experience  a  report,  but  the 
recoil  force  will  be  considerably  less  than  with  a 
standard  system,  and  although  a  projectile  can  be 
fired  at  a  target,  its  range  is  extremely  limited.  This 
system  provides  some  basic  practice  in  weapon 
handling  but  is  relatively  unrealistic. 

Efforts  have  mainly  in  the  past  been  directed  to 
ammunition  based  on  more  conventional  designs, 
but  having  a  projectile  of  a  plastic  matrix  filled  with 
metal  particles.  By  this  means  a  projectile  having  a 
reasonably  high  density  can  be  produced,  which 
can  be  fired  from  a  standard,  unmodified  weapon 
at  a  target  to  give  realism. 

Projectiles  of  this  kind  have  been  successfully 
produced  and  used  with  copper  or  bronze  particles 
in  a  plastics  matrix.  They  are  relatively  expensive 
to  produce,  and  the  maximum  density  achievable 
with  this  type  of  material  is  of  the  order  of  4  gm/cc. 
These  projectiles  can  provide  realistic  operation 
with  gas-operated  automatic  weapons  (such  as 
many  5.56mm  weapons)  and  also  realistic  recoil 
forces  of  the  order  of  two-thirds  that  experienced 
with  the  standard  ammunition.  In  addition  these 
projectiles  can  be  designed  as  frangible  so  that 
they  break  up  with  reduced  ricochet  on  striking  a 
hard  target. 

However,  most  9mm  automatic  weapons  and 
also  a  significant  proportion  of  7.62  and  5.56mm 
automatic  weapons  operate  on  the  delayed  blow- 
back  or  short  recoil  principle,  and  these  weapons 
require  a  denser  projectile  material  for  automatic 
operation.  Attempts  have  been  made  to  produce  a 
tungsten-filled  plastics  projectile  (having  a  density 
up  to  6gm/cc)  for  such  applications,  but  these  have 
been  unsuccessful  because  tungsten  generates  un- 
acceptable  barrel  wear. 

There  thus  exists  a  need  for  a  training  projec- 
tile  which  is  frangible  but  provides  realistic  auto- 
matic  weapon  operation  in  both  standard,  conven- 
tional  gas-operated,  delayed  blow-back  and  short 

5  recoil  weapons  and  at  lower  cost  then  existing 
metal-filled  plastics  designs.  In  addition  it  would  be 
highly  desirable  if  means  could  be  provided  for 
enabling  a  projectile  comprising  tungsten  or  other 
relatively  dense  but  abrasive  material  to  be  fired 

w  through  a  conventional  barrel  without  causing  ex- 
cessive  wear. 

The  present  invention  seeks  to  make  possible 
a  solution  to  some  or  all  of  these  requirements. 

According  to  the  present  invention  there  is 
75  provided  a  projectile  comprising  a  metal  core 

which  is  formed  from  a  sintered  metal  powder  and 
an  adherent  coating. 

Preferably  the  coating  is  formed  of  a  plastics 
material,  although  in  some  instances  a  metal  coat- 

20  ing  may  be  suitable.  Possible  metal  coating  materi- 
als  include  copper,  nickel  and  zinc,  or  alloys  in 
which  one  or  more  of  these  materials  is  a  major 
constituent.  In  many  instances  it  will  be  advanta- 
geous  for  the  coating  material  to  be  softer,  having 

25  a  lower  hardness  and/or  ductility  than  the  metal 
core  material. 

The  metal  powder  is  advantageously  selected 
from  the  group  comprising  iron,  steel,  tungsten, 
copper  and  bronze  powders.  By  avoiding  the  use 

30  of  lead,  and  especially  through  use  of  an  iron 
powder,  environmental  pollution  caused  by  the  pro- 
jectiles,  eg  on  a  training  range,  is  substantially 
reduced. 

Where  the  metal  powder  is  of  iron,  the  projec- 
35  tile  is  preferably  formed  from  a  coarse  iron  powder 

having  a  particle  size  range  up  to  200  microns 
when  a  frangible  projectile  is  required.  Preferably 
the  particles  are  in  the  size  range  20  -  150 
microns. 

40  Where  the  powder  is  of  iron,  and  a  frangible 
projectile  is  required,  the  projectile  is  formed  by 
sintering  a  pressed  preform  at  a  temperature  in  the 
range  600  to  800  °C,  preferably  in  the  range  650- 
750  '  C. 

45  Projectiles  which  are  not  easily  frangible  are 
also  within  the  scope  of  the  invention,  and  such 
projectiles  may  be  formed  by  sintering  at  higher 
temperatures,  ie  in  excess  of  800  °  C. 

The  plastics  material  should  have  a  melting 
50  point  in  excess  of  about  170°C,  should  form  a  non- 

brittle  adherent  coating  on  the  projectile,  and 
should  be  compatible  with  materials  normally  used 
in  small  arms  propellant  including  nitrocellulose 
and  nitroglycerine. 

55  Suitable  plastics  materials  include  polyamides, 
including  especially  polyamide  11. 

Polycarbonates  and  polyesters  may  also  be 
suitable  as  the  plastics  material. 
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perature  between  about  600  °C  and  800  °C  can 
give  satisfactory  results  when  a  projectile  which 
disintegrates  on  impact  with  the  target  is  required. 
The  duration  of  the  sintering  process  is  believed  to 

5  be  less  critical,  but  a  period  of  about  1  to  5  hours 
within  the  stated  temperature  range  should  nor- 
mally  be  satisfactory. 

The  sintered  projectile  may  be  coated  with  the 
plastics  material  in  the  following  manner.  The  pro- 

w  jectile  is  first  heated  to  a  temperature  above  the 
melting  point  of  the  plastics  material,  and  then  is 
placed  in  a  fluidised  bed  containing  particles  of  the 
plastics  material  at  room  temperature.  Particles  of 
plastics  material  melt  in  contact  with  the  hot  projec- 

75  tile  surface,  and  thus  adhere  to  the  surface.  The 
thickness  of  the  adherent  layer  will  depend  primar- 
ily  upon  the  initial  temperature  of  the  projectile,  and 
can  thus  be  controlled  by  this  means.  In  order  to 
provide  a  smooth  surface  finish,  the  coated  projec- 

20  tile  can  subsequently  be  subjected  to  infra  red 
heating,  to  remelt  the  outer  surface  of  the  coating. 
The  melting  point  of  the  plastics  material  should 
preferably  be  not  less  than  about  170°C,  as  tem- 
peratures  up  to  this  level  can  in  certain  circum- 

25  stances  be  encountered  within  a  gun  chamber  dur- 
ing  use. 

In  practice  the  thickness  of  the  plastic  coating 
should  preferably  be  at  least  equal  to  the  depth  of 
rifling  in  the  barrel  of  the  weapon  for  which  the 

30  projectile  is  intended.  A  thickness  in  the  range  0.08 
to  0.15mm  will  frequently  be  found  satisfactory. 

In  use,  when  fired  from  a  standard  automatic 
weapon,  the  projectile  can  be  designed  having 
sufficient  mass  to  ensure  normal  operation  of  the 

35  automatic  weapon  function.  If  a  greater  mass  is 
required  than  can  be  achieved  within  the  available 
space  envelope  using  iron  powder,  then  other  pow- 
der  materials  or  mixtures  thereof  may  be  used,  but 
iron  is  preferred  on  account  of  its  low  cost. 

40  The  projectile  should  normally  have  a  minimum 
density  of  about  6gm/cc  for  use  in  a  blow-back  or 
short  recoil  operated  weapon.  A  density  of  4.5  to  5 
gm/cc  might  be  adequate  for  a  gas  operated  weap- 
on,  but  it  is  unlikely  any  benefit  would  accrue  from 

45  use  of  such  low  density. 
The  foregoing  description  applies  principally  to 

frangible  training  ammunition.  However,  the  inven- 
tion  also  can  be  applied  with  advantage  to  enable 
the  use  of  sintered  metals  for  warshot  projectiles 

50  which  may  lead  to  cost  savings  and/or  enable  the 
use  of  materials  which  would  normally  cause  unac- 
ceptable  barrel  wear  on  account  of  the  abrasive- 
ness  or  hardness  of  the  material. 

Thus  also  to  be  considered  within  the  scope  of 
55  the  invention  are  projectiles  in  which  the  metal  core 

is  formed  of  sintered  metal  which  has  been  sin- 
tered  for  a  longer  period  and/or  at  a  higher  tem- 
perature  than  those  specific  times  or  temperatures 

The  thickness  of  the  coating  of  plastics  ma- 
terial  should  exceed  the  depth  of  rifling  encoun- 
tered  by  the  projectile  in  the  weapon  from  which  it 
is  to  be  fired,  and  thus  a  thickness  in  the  range 
0.05  to  0.40mm  is  desirable,  and  preferably  the 
thickness  should  normally  be  in  the  range  0.08  to 
0.15mm  for  most  applications. 

Most  conveniently  the  coating  is  applied  by 
heating  the  projectile  to  a  temperature  above  the 
melting  point  of  the  plastics  material,  and  immers- 
ing  the  projectile  in  a  fluidised  bed  containing  par- 
ticles  of  the  plastics  material. 

The  use  of  a  plastics  coating  can  lead  to  sev- 
eral  practical  advantages.  The  plastics  material 
bonds  efficiently  with  the  naturally  irregular  surface 
of  the  sintered  projectile,  so  that  the  coating  does 
not  readily  separate  from  the  projectile  during  fir- 
ing.  The  rifling  of  the  gun  barrel  easily  engraves 
the  plastics  coating  which  acts  as  a  soft  interface 
and  protects  the  barrel  from  contact  with  the  pro- 
jectile,  thus  reducing  barrel  wear  while  enabling 
dense  and/or  abrasive  projectile  material  to  be 
used  for  the  projectile.  Where  frangibility  is  de- 
sired,  the  projectile  can  be  sintered  by  a  sintering 
process  in  which  the  process  parameters  are  se- 
lected  so  as  to  create  a  mechanically  weak  ma- 
terial  which  easily  disintegrates  on  striking  a  hard 
target.  The  plastics  coating  assists  in  maintaining 
the  integrity  of  the  projectile  during  the  firing  cycle, 
and  also  can  act  as  a  seal  which  prevents  or 
resists  corrosion  of  the  projectile  material. 

The  invention  will  now  be  described  by  way  of 
example  only  with  reference  to  the  accompanying 
drawing,  which  shows  in  sectional  form  a  practice 
round  of  ammunition  incorporating  a  projectile  in 
accordance  with  the  invention. 

As  shown  in  the  figure,  a  round  of  ammunition 
comprises  a  conventional  cartridge  case  1  having  a 
conventional  primer  2  and  containing  a  quantity  of 
propellant  material  3. 

A  projectile  4  is  received  within  the  open  end 
of  the  cartridge  case  1,  to  a  depth  suitable  for 
correct  weapon  feeding  and  operation. 

The  projectile  4  is  provided  on  its  outer  surface 
with  a  coating  6  of  a  plastics  material  such  as 
polyamide  11  (Nylon  11). 

On  assembly  the  projectile  4  is  inserted  into 
the  forward  end  7  of  the  cartridge  case.  The  por- 
tion  7  is  then  crimped  on  to  the  projectile  in  the 
conventional  manner,  so  that  the  projectile  is  re- 
tained  in  position. 

The  projectile  4  is  formed  from  a  coarse  iron 
powder  by  pressing  and  sintering. 

The  frangibility  of  the  finished  projectile  can  be 
controlled  by  control  of  the  pressure  used  for  pro- 
ducing  the  green  preform,  and  the  temperature  and 
duration  of  the  sintering  process,  as  well  as  the 
particle  size  of  the  iron  powder.  A  sintering  tern- 
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previously  indicated  herein,  in  order  to  produce  a 
projectile  which  is  not  readily  frangible. 

Claims 
5 

1.  A  projectile  comprising  a  metal  core  (4)  which 
is  formed  from  a  sintered  metal  powder,  and 
an  adherent  coating  (6). 

2.  A  projectile  according  to  claim  1  wherein  the  w 
coating  material  is  metal. 

3.  A  projectile  according  to  claim  2  wherein  the 
coating  material  is  selected  from  copper,  nick- 
el,  zinc  and  alloys  in  which  one  or  more  of  75 
these  materials  is  a  major  constituent. 

4.  A  projectile  according  to  claim  1  wherein  the 
coating  is  of  a  plastics  material. 

14.  A  projectile  according  to  any  one  of  claims  4 
to  13  wherein  the  coating  is  applied  by  heating 
the  projectile  to  a  temperature  above  the  melt- 
ing  point  of  the  plastics  material  and  immers- 
ing  the  projectile  in  a  fluidised  bed  containing 
particles  of  the  plastics  material. 

15.  A  projectile  in  accordance  with  any  preceding 
claim  which  is  a  small  arms  projectile. 

16.  A  projectile  according  to  claim  15  which  is  to  a 
calibre  of  5.56  mm,  7.62mm  or  9mm. 

17.  A  round  of  ammunition  incorporating  a  projec- 
tile  in  accordance  with  any  preceding  claim. 

20 
5.  A  projectile  according  to  any  one  preceding 

claim  wherein  the  metal  powder  is  selected 
from  the  group  comprising  iron,  steel,  tung- 
sten,  copper  and  bronze  powders. 

25 
6.  A  projectile  according  to  claim  5  wherein  the 

metal  powder  is  a  coarse  iron  powder  having  a 
particle  size  range  up  to  200  microns. 

7.  A  projectile  according  to  claim  6  wherein  the  30 
metal  powder  is  a  coarse  iron  powder  having  a 
particle  size  in  the  range  20-150  microns. 

8.  A  projectile  according  to  claim  6  or  claim  7 
wherein  the  projectile  is  formed  by  sintering  at  35 
a  temperature  in  the  range  600  to  800  °  C. 

9.  A  projectile  according  to  claim  4  wherein  the 
plastics  material  has  a  melting  point  in  excess 
of170°C.  40 

10.  A  projectile  according  to  claim  9  wherein  the 
plastics  material  is  selected  from  the  group 
comprising  polyamides,  polycarbonates  ad 
polyesters.  45 

11.  A  projectile  according  to  claim  10  wherein  the 
plastics  material  is  polyamide  1  1  . 

12.  A  projectile  according  to  any  one  of  claims  4  50 
to  11  wherein  the  thickness  of  the  plastics 
coating  is  in  the  range  0.05  to  0.40mm. 

13.  A  projectile  according  to  claim  12  wherein  the 
thickness  of  the  plastics  coating  is  in  the  range  55 
0.08  to  0.15mm. 
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