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Apparatus  for  forming  container  bodies  which  utilizes  a  reinforced  composite  ram. 

©  An  apparatus  for  forming  container  bodies  utiliz- 
ing  a  ram  which  is  formed  at  least  in  part  from  a 
reinforced  composite  material  (e.g.,  rams  having  a 
combination  of  structural  components  with  at  least 
one  component  being  formed  from  an  appropriate 
metal(s)  and  another  component  being  formed  from 
the  composite  material,  rams  formed  entirely  of  the 
composite  material).  In  one  embodiment,  the  ram  is 
incorporated  into  a  bodymaker  for  drawn  and  ironed 
containers  and  includes  first  and  second  ram  por- 
tions,  the  first  ram  portion  being  formed  from  an 
appropriate  metal,  the  second  ram  portion  being 
formed  from  the  composite  material.  The  first  ram 

portion  has  first  and  second  ends  with  an  intercon- 
necting  portion  therebetween  such  that  a  punch  and 
ram  drive  assembly  may  be  connected  to  such  first 
and  second  ends,  respectively.  The  second  ram 
portion  is  thus  positioned  about  the  interconnecting 
portion  to  reduce  the  weight  of  the  ram,  as  well  as  to 
allow  for  an  improvement  of  the  rigidity  thereof. 
Consequently,  the  speed  at  which  the  ram  may  be 
advanced  through  the  ironing  rings  may  be  in- 
creased  and  the  deflection  of  the  ram  when  passing 
therethrough  may  be  reduced  to  enhance  the  con- 
tainer  body  formation  process. 
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Field  of  the  Invention: 

The  present  invention  generally  relates  to  the 
field  of  forming  container  bodies  and,  more  particu- 
larly,  to  forming  such  container  bodies  by  utilizing 
a  reinforced  composite  ram  to  interconnect  the  ram 
drive  assembly  and  the  particular  forming  tool. 

Background  of  the  Invention: 

There  have  been  significant  developments  in 
the  beverage  container  industry  directed  toward 
reducing  production  costs  (e.g.,  designing  contain- 
ers  which  require  less  raw  material  such  as  by 
reducing  the  sidewall  thickness  of  the  container 
body),  as  well  as  increasing  production  capac- 
ity/efficiency  in  an  effort  to  gain  a  competitive  ad- 
vantage  in  the  marketplace.  Although  increases  in 
production  capacity  can  of  course  be  achieved  by 
capital  expenditures  (e.g.,  adding  production  lines), 
increases  can  also  be  achieved  by  increasing  the 
overall  speed  of  the  container-forming  process. 

Two-piece  containers  (i.e.,  those  having  a  con- 
tinuous  bottom  and  sidewall  with  a  separate  end 
piece  attached  to  and  closing  the  upper  portion  of 
the  container  body)  are  typically  formed  by  a  draw- 
ing  and  ironing  procedure,  a  drawing  and  redrawing 
procedure,  or  some  combination/variation  thereof. 
Generally,  in  one  type  of  such  a  procedure  a 
circular  disc  is  blanked/punched  from  a  piece  of 
sheet  metal  stock  and  provided  to  a  draw  die  for 
the  formation  of  a  cup  therefrom.  More  particularly, 
the  circular  disc  is  positioned  over  the  upwardly 
open  cylindrical  cavity  of  the  draw  die  and  is 
forcibly  driven  therein  by  a  draw  punch.  This  forces 
the  disc  into  substantial  conformance  with  the  con- 
tour  of  the  draw  die  to  thereby  form  a  cup  having  a 
bottom  and  integral  sidewall.  The  cup,  however, 
has  a  greater  inner  and  outer  diameter  than  the 
container  body  to  be  formed  therefrom,  and  also  is 
shorter  than  the  desired  container  body.  Therefore, 
the  cup  must  be  subjected  to  further  processing. 

The  container  body  having  the  desired  speci- 
fications  is  formed  from  the  cup  by  redrawing  the 
cup  and  thereafter  ironing  its  sidewalls  in  a 
bodymaker.  More  particularly,  the  cup  is  forced 
through  a  redraw  die  by  a  punch  which  is  typically 
interconnected  with  an  appropriate  ram  drive  as- 
sembly  (e.g.,  an  assembly  capable  of  providing 
linear/axial  motion)  by  a  ram.  The  redraw  die  re- 
duces  the  inner  and  outer  diameter  of  the  cup  to 
that  of  what  is  generally  desired  for  the  container 
body  by  substantially  conforming  the  cup  to  the 
sidewall  of  the  punch.  In  order  to  reduce  the  thick- 
ness  of  the  sidewall  of  the  redrawn  cup  by  gen- 
erally  increasing  the  length  thereof,  the  punch  con- 
tinues  to  drive  the  redrawn  cup  through  a  plurality 
of  ironing  rings  which  are  substantially  linearly 

aligned  with  the  redraw  die.  After  passing  through 
the  last  ironing  ring,  the  end  of  the  container  body 
may  be  engaged  by  a  doming  die  which  interacts 
with  the  end  of  the  punch  to  form  a  dome  on  the 

5  bottom  portion  of  the  container  body.  When  the 
ram  is  retracted,  the  formed  container  body  is 
removed  from  the  punch  in  an  appropriate  manner, 
such  as  by  stripping  fingers  which  engage  the 
sidewall  of  the  container  body. 

io  Based  upon  the  foregoing,  it  can  be  appre- 
ciated  that  one  parameter  which  affects  the  overall 
container-forming  process  is  the  speed  at  which 
the  punch  is  driven  through  the  redraw  die  and 
ironing  rings  by  the  ram.  However,  there  are  a 

75  number  of  factors  which  may  effectively  limit  any 
attempts  to  increase  production  capacities  by 
merely  increasing  ram  speed.  For  instance,  the 
rams  are  typically  formed  entirely  from  carbon 
steel  or  other  appropriate  metals.  Since  the  ram 

20  must  be  of  a  sufficient  length  to  drive  the  cup 
through  the  redraw  die  and  the  plurality  of  ironing 
rings  (e.g.,  a  stroke  length  for  the  ram  typically 
ranges  from  18  inches  to  26  inches),  the  overall 
weight  of  the  ram  is  such  that  inertial  forces  be- 

25  come  a  concern.  Relatedly,  in  the  event  that  the 
bodymaker  is  of  a  horizontal  configuration  (i.e.,  the 
ram  travels  along  a  horizontal  path),  the  weight  of 
the  ram  may  also  affect  the  alignment  of  such 
when  passing  through  the  redraw  die  and  ironing 

30  rings. 
The  ram  in  a  horizontal  bodymaker  configura- 

tion  is  effectively  a  cantilevered  beam  since  only 
an  end  portion  of  the  ram  is  connected  to  the  ram 
drive  assembly.  However,  in  order  to  direct  the  ram 

35  through  the  redraw  die,  some  bodymakers  incor- 
porate  some  type  of  a  ram  guidance  system  which 
also  provides  some  support  for  the  ram  prior  to 
passing  through  the  redraw  die.  Furthermore,  as 
the  ram  passes  through  the  redraw  die  and  ironing 

40  rings  during  the  formation  of  the  container  body, 
additional  support  may  be  provided  for  the  ram  at 
these  spaced  locations  due  to  the  presence  of  the 
container  body  between  the  punch  and  the  redraw 
die/ironing  rings.  Since  relatively  close  tolerances 

45  are  maintained  between  the  ram  and  each  of  the 
redraw  die  and  ironing  rings  when  passing  thereth- 
rough,  however,  this  support  of  the  ram  may  be 
insufficient  to  maintain  proper  alignment.  For  in- 
stance,  deflections  of  the  ram  on  the  order  of  0.010 

50  inch  or  even  less  may  cause  sufficient  misalign- 
ment  to  damage  components  of  the  bodymaker 
and/or  the  container  body  being  formed.  More  par- 
ticularly,  deflections  of  this  magnitude  may  result  in 
the  punch  impacting  the  redraw  die  and/or  ironing 

55  rings  which  could  damage  such  components,  as 
well  as  the  container  body  being  formed.  In  addi- 
tion,  such  deflections  of  the  ram  may  cause  certain 
defects  in  the  structure  of  the  container  body  (e.g., 
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an  uneven  sidewall  distribution,  increased  stresses 
in  the  sidewall  of  the  container  body,  tearing  of  the 
sidewall  of  the  container  body).  Due  to  the  existing 
material  selections  for  the  ram  (e.g.,  carbon  steel), 
the  weight  of  the  ram  thus  increases  the  potential 
for  experiencing  deflections  of  or  exceeding  this 
magnitude  during  container-forming  operations. 

Based  upon  the  foregoing,  it  can  be  appre- 
ciated  that  it  would  be  desirable  to  provide  a  ram 
constructed  in  a  manner  to  reduce  the  total  weight 
thereof,  while  also  increasing  the  rigidity  of  the 
ram.  A  reduction  in  weight  would  allow  for  an 
increase  in  speed  of  the  ram  in  passing  through 
the  redraw  die  and  ironing  rings  to  thereby  in- 
crease  production  capacity.  Moreover,  weight  re- 
duction  would  reduce  the  deflection  of  the  ram  as  it 
extends  through  the  redraw  die  and  ironing  rings, 
as  would  an  increase  in  the  rigidity  of  the  ram.  This 
reduction  of  ram  deflection  would  therefore  reduce 
the  potential  for  ram  misalignment  which  could 
damage  various  components  of  the  bodymaker 
and/or  the  container  body  being  formed. 

Summary  of  the  Invention: 

The  present  invention  relates  to  an  apparatus 
for  forming  container  bodies  which  have  a  bottom 
and  an  integral  sidewall  (e.g.,  a  drawn  and  ironed 
container  body,  a  cup  which  undergoes  some  type 
of  a  drawing  and  ironing  procedure  for  the  forma- 
tion  of  such  a  container  body  therefrom).  Advanta- 
geously,  the  present  invention  utilizes  a  ram  which 
is  formed  at  least  in  part  from  a  reinforced  com- 
posite  material  to  reduce  the  total  weight  of  the 
ram.  Consequently,  the  speed  at  which  the  ram 
may  be  advanced  through,  for  instance,  a  plurality 
of  substantially  linearly-aligned  ironing  rings  in  the 
case  where  the  present  invention  is  incorporated 
into  a  bodymaker  for  drawn  and  ironed  containers, 
can  be  increased  to  thereby  increase  the  produc- 
tion  capacity  of  the  bodymaker.  Moreover,  ram 
deflection  may  be  desirably  reduced.  For  instance, 
in  the  event  that  the  ram  assumes  a  generally 
horizontal  configuration  within  a  bodymaker,  the 
amount  of  deflection  of  the  ram  may  be  reduced  as 
it  extends  through  the  above-identified  plurality  of 
ironing  rings  during  formation  of  the  container 
body.  In  addition,  by  utilizing  a  reinforced  compos- 
ite  material  in  its  structure  the  rigidity  of  the  ram 
can  be  increased  to  further  reduce  the  amount  of 
ram  deflection.  Therefore,  the  potential  for  the  ram 
becoming  misaligned  in  a  manner  which  would 
damage  components  of  the  bodymaker  and/or  the 
container  body  formed  thereby  is  reduced. 

In  one  embodiment,  the  present  invention  uti- 
lizes  a  punch  which  is  axially  advanced  by,  for 
instance,  a  ram  to  engage  a  piece  of  sheet  metal 
stock  with  an  end  portion  of  the  punch.  In  the  case 

where  the  present  invention  is  incorporated  into  a 
cupping  apparatus  (e.g.,  which  forms  a  cup  having 
a  bottom  and  integral  sidewall  from  which  a  drawn 
and  ironed  container  body  may  be  formed),  the 

5  piece  of  sheet  metal  stock  may  be  a  substantially 
circular  disc  and  the  punch  would  thus  engage  one 
of  its  substantially  planar  surfaces.  In  the  case 
where  the  present  invention  is  incorporated  into  a 
bodymaker  for  drawn  and  ironed  containers,  the 

io  piece  of  sheet  metal  stock  may  be  the  above- 
defined  cup.  Consequently,  depending  upon  the 
positioning  of  the  cup  relative  to  the  punch,  the 
punch  may  extend  through  the  open  end  of  the  cup 
to  engage  its  bottom  portion  (i.e.,  the  open  end  of 

is  the  cup  faces  the  punch),  or  alternatively  the  punch 
may  engage  the  bottom  portion  without  entering 
the  interior  of  the  cup  (i.e.,  the  open  end  of  the  cup 
faces  away  from  the  punch). 

With  regard  to  the  ram  of  this  embodiment  of 
20  the  present  invention,  it  is  formed  at  least  in  part 

from  a  reinforced  composite  material  (e.g.,  a  fiber- 
reinforced  composite)  to  reduce  the  weight  of  the 
ram  and/or  to  allow  for  increased  rigidity  thereof  to 
provide  the  above-identified  types  of  advantages. 

25  As  can  be  appreciated,  a  maximum  weight  reduc- 
tion  can  be  realized  by  forming  the  entire  ram  from 
the  reinforced  composite  material  which  nay  be 
desirable  under  certain  conditions.  However,  utiliz- 
ing  a  combination  of  such  a  reinforced  composite 

30  material  and  an  appropriate  metal  in  the  structural 
configuration  of  the  ram  may  be  desirable  under 
some  circumstances,  such  as  in  allowing  for  the 
continued  use  of  the  types  of  interconnections  for 
the  punch  and  ram  drive  assembly  which  are  pres- 

35  ently  used  with  existing  all-metal  ram  configura- 
tions  in  the  case  where  the  present  invention  is 
incorporated  into  a  bodymaker  for  drawn  and  iron- 
ed  containers. 

Once  the  piece  of  sheet  metal  stock  is  en- 
40  gaged  in  the  above-described  manner  by  the  end 

portion  of  the  punch,  portions  of  the  sheet  metal 
stock  are  forced  to  substantially  conform  to  the 
sidewall  portion  of  the  punch  as  the  punch  contin- 
ues  to  be  axially  advanced  by  the  ram.  In  one 

45  embodiment  in  which  the  present  invention  is  in- 
corporated  into  a  cupping  apparatus,  this  substan- 
tial  conformance  may  be  provided  by  passing  the 
punch  and  the  above-identified  disc  through  a  draw 
die  to  form  the  cup  therefrom.  This  substantial 

50  conformance  thus  provides  the  general  configura- 
tion  of  a  container  body,  namely  a  body  having  a 
bottom  and  integral  sidewall.  In  another  embodi- 
ment  in  which  the  present  invention  is  incorporated 
into  a  bodymaker  for  drawn  and  ironed  containers, 

55  this  substantial  conformance  may  be  provided  by 
further  processing  of  this  cup.  For  instance,  under 
some  circumstances  the  specifications  of  the  cup 
are  not  the  desired  specifications  for  the  end  prod- 
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uct  container  body.  Therefore,  the  thickness  of  the 
cup's  sidewall  may  be  reduced  and  the  length  of 
such  sidewall  may  be  increased  as  the  punch 
continues  to  be  axially  advanced  to  achieve  the 
final,  desired  specifications  for  the  container  body. 
In  one  embodiment,  this  is  provided  by  passing  the 
punch  and  the  cup  through  a  redraw  die  and  there- 
after  continuing  to  pass  the  redrawn  cup  through  a 
plurality  of  substantially  linearly-aligned  ironing 
rings. 

In  another  embodiment,  the  present  invention 
relates  to  a  bodymaker  for  drawn  and  ironed  con- 
tainers  which  includes  a  punch,  having  an  end 
portion  and  a  sidewall  portion,  and  which  is  de- 
tachably  connected  to  a  ram.  The  ram  in  this 
instance  has  first,  second,  and  third  longitudinally- 
aligned  ram  portions.  The  first  and  third  ram  por- 
tions  are  formed  from  an  appropriate  metal,  where- 
as  the  second  ram  portion  is  formed  from  a  re- 
inforced  composite  material  (e.g.,  fiber-reinforced 
composites)  and  is  positioned  longitudinally  be- 
tween  the  first  and  third  ram  portions.  In  this  gen- 
eral  configuration,  the  first,  second,  and  third  ram 
portions  may  each  be  individual  components  and 
appropriately  connected  such  as  by  an  appropriate 
binder,  or  the  first  and  third  ram  portions  may 
actually  be  interconnected  with  an  intermediate 
portion  (e.g.,  such  that  the  first  and  third  portions 
are  of  unitary  construction)  such  that  the  second 
ram  portion  may  be  positioned  about  and  secured 
to  the  intermediate  portion.  Regardless  of  the  ac- 
tual  configuration  utilized,  the  weight  of  the  ram  is 
reduced  from  that  of  an  all-metal  ram  configuration 
and  the  rigidity  of  the  ram  associated  with  the 
present  invention  may  be  increased  to  achieve  the 
above-identified  types  of  advantages. 

Based  upon  the  particular  configuration  of  the 
ram  in  this  embodiment  of  the  present  invention, 
the  type  of  interconnection  between  the  punch  and 
ram  may  be  similar  to  that  utilized  for  existing  all- 
metal  ram  configurations  in  bodymakers.  For  in- 
stance,  the  punch  may  be  interconnected  to  the 
first  ram  portion  by  a  metal  punch  bolt  which 
threadably  engages  the  first  ram  portion  along  a 
substantially  longitudinal  portion  thereof  such  that 
there  is  a  metal-on-metal  interface  between  the 
punch  and  ram.  This  metal-on-metal  interface  also 
advantageously  provides  for  an  interconnection 
which  is  able  to  withstand  the  stresses  imposed 
upon  this  interconnection  during  the  container  body 
forming  process. 

A  drive  mechanism  is  provided  for  axially  ad- 
vancing  the  described  ram  and  is  detachably  con- 
nected  to  the  third  ram  portion.  Although  a  variety 
of  types  of  interconnections  may  be  utilized,  in  one 
embodiment  a  circumferential  portion  of  the  ram  is 
engaged  by  an  metal  interconnector  associated 
with  the  ram  drive  assembly  which  is  presently 

used  with  all-metal  ram  configurations.  Conse- 
quently,  only  minimal  retrofitting  is  required  to  ad- 
apt  the  composite  ram  for  use  with  such  a  ram 
drive  assembly.  Moreover,  this  interconnection  also 

5  provides  for  a  metal-on-metal  interface,  which 
again  provides  for  an  interconnection  that  is  able  to 
withstand  the  stresses  imposed  upon  such  during 
the  container  body  forming  process. 

As  the  ram  is  axially  advanced  by  the  above- 
io  described  ram  drive  assembly,  the  punch  engages 

the  piece  of  sheet  metal  stock  and  portions  of  the 
sheet  metal  stock  are  forced  to  substantially  con- 
form  to  the  sidewall  portion  of  the  punch,  thereby 
providing  a  general  configuration  of  the  desired 

is  container  body,  namely  a  body  having  a  bottom 
and  integral  sidewall.  For  instance,  the  piece  of 
sheet  metal  stock  may  be  a  cup  generally  of  the 
above-identified  type  and  the  substantial  confor- 
mance  achieved  by  passing  the  punch  and  cup 

20  through  a  redraw  die.  Thereafter,  the  thickness  of 
the  body's  (e.g.,  redrawn  cup's)  sidewall  is  reduced 
while  the  length  of  such  sidewall  is  increased  to 
provide  a  container  body  having  the  desired  di- 
mensional  specifications  (e.g.,  by  passing  the 

25  punch  and  redrawn  cup  through  a  plurality  of  iron- 
ing  rings).  Once  the  container  body  is  formed  in 
this  manner,  it  may  be  removed  from  the  punch, 
such  as  by  introducing  a  flow  or  an  appropriate 
medium  (e.g.,  air)  through  a  conduit  which  extends 

30  through  the  ram  and  punch,  preferably  about  their 
respective  central  axes. 

In  another  embodiment,  the  present  invention 
relates  to  a  bodymaker  for  drawn  and  ironed  con- 
tainers  which  utilizes  a  ram  having  first  and  second 

35  ram  portions,  the  first  ram  portion  having  first  and 
second  end  portions  which  are  interconnected  by 
an  intermediate  portion,  the  second  ram  portion 
being  positioned  about  the  intermediate  portion. 
The  first  ram  portion  is  formed  from  an  appropriate 

40  metal,  whereas  the  second  ram  portion  is  formed 
from  an  appropriate  reinforced  composite  material 
(e.g.,  a  fiber-reinforced  composite)  to  reduce  the 
weight  of  the  ram  and  to  allow  for  an  increase  in 
rigidity  of  the  ram  to  thereby  provide  the  above- 

45  described  types  of  advantages. 
A  punch  is  detachably  connected  to  the  first 

end  portion  and  a  ram  drive  assembly  for  axially 
advancing  the  ram  is  detachably  connected  to  the 
second  end  portion.  Consequently,  interconnec- 

50  tions  similar  to  those  of  the  above-identified  em- 
bodiment  may  continue  to  be  utilized  to  provide  the 
above-described  types  of  advantages.  Since  the 
first  and  second  end  portions  are  integrally  inter- 
connected  by  the  intermediate  portion,  the  effects 

55  of  the  stresses  imposed  upon  the  interconnection 
of  the  reinforced  composite  material  of  the  second 
ram  portion  to  the  first  ram  portion  may  be  mini- 
mized. 
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As  the  ram  is  axially  advanced  by  the  ram 
drive  assembly,  the  piece  of  sheet  metal  stock  is 
engaged  by  an  end  portion  of  the  punch  and  at 
least  a  portion  of  the  sheet  metal  stock  is  forced  to 
substantially  conform  to  a  sidewall  of  the  punch. 
For  instance,  the  piece  of  sheet  metal  stock  may 
be  a  cup  generally  of  the  above-identified  type 
such  that  the  punch  engages  the  bottom  of  the  cup 
and  forces  the  cup  through  a  redraw  die  to  reduce 
the  inner  and  outer  diameter  of  the  cup.  This  again 
provides  the  general  configuration  of  a  container 
body,  namely  a  body  having  a  bottom  and  integral 
sidewall  (e.g.,  redrawn  cup).  Thereafter,  the  thick- 
ness  of  the  body's  (e.g.,  redrawn  cup's)  sidewall  is 
reduced  and  the  length  of  such  sidewall  is  in- 
creased  to  achieve  the  final,  desired  dimensional 
specifications  for  the  container  body.  This  again 
may  be  achieved  by  continuing  to  pass  the  re- 
drawn  cup  through  a  plurality  of  ironing  rings.  In 
order  to  at  least  assist  in  removing  the  container 
body  from  the  punch  such  that  the  punch  and  ram 
may  be  retracted  for  reinitialization  of  the 
bodymaker,  in  one  embodiment  a  conduit  extends 
through  the  entire  length  of  the  ram  and  punch 
such  that  an  appropriate  medium  may  be  forced 
therethrough  to  engage  the  bottom  of  the  container 
body  and  force  said  container  body  off  of  the 
punch. 

Brief  Description  of  the  Drawings: 

Fig.  1  is  a  schematic  representation  of  a  blan- 
king  and  cupping  operation  in  a  double  action 
press  which  forms  a  cup  from  a  piece  of  sheet 
metal  stock  that  may  be  provided  to  a 
bodymaker  for  formation  of  a  container  body 
therefrom; 
Figs.  2A-2C  more  particularly  illustrate  certain 
steps  in  the  formation  of  the  cup  utilizing  the 
press  of  Fig.  1  ; 
Fig.  3  is  a  schematic  representation  of  one 
embodiment  of  a  redraw  and  ironing  procedure 
for  forming  a  container  body  from  a  sheet  metal 
cup; 
Fig.  4  is  a  longitudinal  cross-sectional  view  of 
one  embodiment  of  a  ram  for  use  in  a 
bodymaker  of  the  present  invention; 
Fig.  5  is  a  longitudinal  cross-sectional  view  of  an 
interconnection  of  the  ram  of  Fig.  4  to  one 
embodiment  of  a  punch  assembly; 
Fig.  6  is  an  enlarged,  partial  cross-sectional  view 
of  one  embodiment  of  the  internal  threads  of  the 
ram  for  establishing  the  interconnection  of  Fig.  5 
between  the  punch  assembly  and  ram; 
Fig.  7  is  a  longitudinal  cross-sectional  view  of 
one  embodiment  of  an  interconnection  of  the 
ram  of  Fig.  4  to  a  ram  drive  assembly; 
Fig.  8  is  an  end  view  of  the  ram  of  Fig.  4; 

Fig.  9  is  a  general  representation  of  one  type  of 
a  ram  drive  assembly; 
Fig.  10  is  a  schematic  representation  of  one 
embodiment  of  a  ram  guidance  system  for  en- 

5  gaging  one  embodiment  of  a  ram;  and 
Fig.  11  is  a  longitudinal  cross-sectional  view  of 
another  embodiment  of  a  ram  for  use  in  a 
bodymaker  of  the  present  invention. 

io  Detailed  Description: 

The  present  invention  will  be  described  with 
reference  to  the  accompanying  drawings  which  as- 
sist  in  illustrating  the  pertinent  features  thereof. 

is  Generally,  the  present  invention  is  an  apparatus  for 
forming  container  bodies  from  a  piece  of  sheet 
metal  stock,  such  as  by  a  cupping  procedure  for 
forming  cups  from  which  drawn  and  ironed  contain- 
ers  are  formed,  or  by  some  type  of  a  drawing  and 

20  ironing  procedure  for  producing  drawn  and  ironed 
containers  from,  for  instance,  such  cups.  Advanta- 
geously,  the  ram  utilized  by  the  present  invention 
is  formed  at  least  in  part  from  a  reinforced  com- 
posite  material  (e.g.,  fiber-reinforced  composites). 

25  Consequently,  the  speed  at  which  the  ram  may  be 
advanced  for  the  formation  of  the  container  bodies 
may  be  increased,  which  thereby  increases  pro- 
duction  capacity.  Moreover,  ram  deflection  may  be 
reduced.  For  instance,  in  the  event  that  the  ram 

30  assumes  a  substantially  horizontal  orientation,  the 
amount  of  deflection  of  the  ram  during  operation 
may  be  reduced  by  the  weight  reduction  and/or  by 
increasing  the  rigidity  of  the  ram  due  to  utilizing  the 
composite  material  for  at  least  a  portion  of  the 

35  structure  of  the  ram.  This  thereby  reduces  the 
potential  for  the  ram  becoming  misaligned  during 
container  body  forming  operations.  As  can  be  ap- 
preciated,  such  ram  misalignment  may  cause  dam- 
age  to  various  components  of  the  apparatus  of  the 

40  present  invention,  which  increases  maintenance 
and/or  material  costs  in  terms  of  replacement  parts, 
as  well  as  to  the  container  body  being  formed, 
which  also  increases  raw  material  costs  since  such 
container  bodies  are  typically  scrapped. 

45  The  present  invention  is  an  apparatus  for  for- 
ming  a  container  body  from  a  piece  of  sheet  metal 
stock,  such  as  by  a  drawing  and  ironing  procedure 
or  some  variation  thereof.  One  embodiment  of  a 
drawing  procedure  for  forming  a  cup  32  (illustrated 

50  in  part  in  Fig.  2C  and  generally  in  Fig.  3)  from 
which  a  container  body  128  (Fig.  3)  may  be  formed 
is  generally  illustrated  in  Fig.  1.  The  double  action 
press  or  cupping  apparatus  20  initially  forms  a 
substantially  circular,  disc-shaped  blank  28  (shown 

55  already  partially  formed  into  the  cup  32)  from  a 
piece  of  sheet  metal  stock  24.  More  particularly,  a 
blanking  die  48  is  driven  down  upon  the  sheet 
metal  stock  24  in  the  direction  of  the  arrows  A  to 

5 
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shear  the  sheet  metal  stock  24  between  the  inter- 
face  of  the  blanking  die  48  and  a  blank  punch  and 
draw  die  56  which  is  positioned  below  the  blanking 
die  48  and  which  remains  substantially  stationary 
relative  thereto.  When  advancing  in  this  manner  to 
shear  the  sheet  metal  stock  24  and  produce  the 
disc-shaped  blank  28,  the  blanking  die  48  acts 
against  a  stripper  plate  60  which  is  biased  in  the 
direction  of  the  arrows  B  by  springs  64.  This  bias- 
ing  force  is  used  to  strip  the  sheet  metal  stock  24 
from  the  blank  punch  and  draw  die  56. 

A  peripheral  portion  of  the  disc-shaped  blank 
28  is  clamped  between  a  draw  pad  52,  which  is 
biased  in  the  direction  of  the  arrow  F  by,  for 
instance,  springs  66,  and  the  blank  punch  and  draw 
die  56  as  illustrated  in  Figs.  1  and  2A.  This  biasing 
force  is  used  to  reduce  the  potential  for  wrinkling  of 
the  disk-shaped  blank  28  as  it  is  drawn  into  a 
smaller  diameter  cup  32  by  the  draw  punch  68. 
With  the  disc-shaped  blank  28  retained  in  this 
manner,  a  draw  punch  68  is  driven  down  upon  the 
blank  28  in  the  direction  of  the  arrow  C  and  passes 
within  a  cavity  defined  by  the  draw  pad  52  and  the 
blank  punch  and  draw  die  56.  As  the  draw  punch 
68  is  advanced  in  this  manner,  the  blank  28  begins 
to  take  the  shape  of  a  cup  32  by  a  thinn- 
ing/stretching  of  the  metal  from  the  region  proxi- 
mate  the  bottom  44  of  the  partially  formed  cup  32 
as  illustrated  in  Fig.  2B.  This  causes  the  portion  of 
the  blank  28  retained  between  the  draw  pad  52  and 
blank  punch  and  draw  die  56  to  increase  in  thick- 
ness,  which  thereby  forces  the  draw  pad  52,  and 
thus  the  blanking  die  48,  in  the  direction  of  the 
arrows  B  and  as  further  illustrated  in  Fig.  2B.  Once 
the  draw  punch  68  completes  its  downward  stroke, 
a  cup  32  is  formed  which  has  a  bottom  44  and 
integrally  formed  sidewall  40  as  illustrated  in  Figs. 
2C  and  3. 

The  cup  32  formed  in  the  embodiment  of  the 
drawing  procedure  illustrated  in  Figs.  1  and  2A-C 
may  be  further  formed  into  a  container  body  128 
by  a  redraw  and  ironing  procedure.  One  embodi- 
ment  of  such  a  procedure  is  illustrated  in  Fig.  3  as 
provided  by  a  bodymaker  80.  In  this  regard,  the 
cup  32  is  positioned  substantially  proximate  to  and 
aligned  with  an  interior  portion  of  a  redraw  die  84. 
A  redraw  sleeve  96,  positioned  between  the  redraw 
die  84  and  the  cup  32,  is  driven  in  the  direction  of 
the  arrow  D  to  retain  the  cup  32  against  a  shoulder 
92  of  the  redraw  die  84  (i.e.,  the  redraw  sleeve  96 
passes  through  the  open  end  of  cup  32  and 
clamps  its  bottom  44  against  the  shoulder  92  of  the 
redraw  die  84).  This  clamping  force  is  necessary  to 
reduce  the  potential  for  wrinkling  of  the  redrawn 
cup  112  as  it  is  drawn  from  the  larger  diameter  cup 
32.  The  redraw  sleeve  96  thus  clamps  and  posi- 
tions  the  cup  32  as  a  punch  100  advances  thereth- 
rough  to  redraw  the  cup  32.  In  this  regard,  the 

punch  100  is  driven  by  an  appropriate  drive 
mechanism  in  the  direction  of  the  arrow  D  to  pass 
through  the  open  end  of  the  cup  32  to  engage  its 
bottom  44  and  advance  the  cup  32  through  the 

5  redraw  die  84.  This  substantially  conforms  the  cup 
32  to  the  sidewall  104  of  the  punch  100  and 
thereby  reduces  the  inner  and  outer  diameter  of 
the  cup  32  to  that  of  the  redrawn  cup  112.  As  is 
known  in  the  art,  the  orientation  of  the  cup  32 

io  relative  to  the  punch  100  may  be  substantially 
reversed  in  that  the  bottom  44  of  the  cup  32  may 
actually  face  the  punch  100  (not  shown).  In  this 
case,  a  clamping  mechanism  and  a  redraw  die  (not 
shown)  of  a  different  configuration  may  be  re- 

15  quired. 
Once  the  redrawn  cup  112  is  formed,  the 

punch  100  continues  to  advance  the  redrawn  cup 
112  through  a  plurality  of  ironing  rings  124  to 
reduce  the  wall  thickness  of  the  redrawn  cup  112 

20  to  a  desired  thickness  for  the  container  body  128 
by  lengthening  the  sidewall  116  of  the  redrawn  cup 
112.  After  passing  through  the  last  of  the  ironing 
rings  124,  the  punch  100  may  interact  with  a  com- 
pound  doming  die  144  to  form  a  domed  end  140 

25  for  the  container  body  128.  Stripping  fingers  148 
thereafter  engage  the  sidewall  132  of  the  container 
body  128  as  the  punch  100  is  retracted  in  the 
direction  of  the  arrow  E  to  reinitiate  the  bodymaker 
80  for  formation  of  additional  container  bodies  128 

30  in  the  described  manner. 
Although  the  drawing  and  ironing  procedure  of 

Figs.  1-3  generally  involves  forming  a  cup  32  from 
a  disc-shaped  blank  28  produced  from  a  piece  of 
sheet  metal  stock  24,  redrawing  the  cup  32  to  a 

35  redrawn  cup  112,  and  thereafter  ironing  the 
sidewalls  116  of  the  redrawn  cup  112  to  provide 
the  container  body  128,  the  present  invention  and 
its  use  of  a  reinforced  composite  ram  is  not  limited 
to  the  specifics  of  the  illustrated  procedures.  For 

40  instance,  it  may  be  possible  to  combine  the  draw- 
ing  and  ironing  aspects  into  a  single  in-line  assem- 
bly  such  that  a  single  punch  can  be  utilized  (e.g.,  a 
disc-shaped  blank  may  be  drawn  and  ironed  by 
passing  through  a  plurality  of  in-line  dies).  More- 

45  over,  there  may  be  alternatives  to  the  described 
redraw  die  84  and  ironing  rings  124  to  provide  for 
the  noted  functions  of  such  components,  namely 
that  of  providing  substantial  conformance  to  the 
punch  100.  As  will  be  appreciated  based  upon  the 

50  following,  the  present  invention  and  its  use  of  a 
reinforced  composite  ram  accommodates  for  such 
alternatives,  and  thus  such  are  within  the  scope  of 
the  present  invention. 

The  punch  100  of  Fig.  3  is  reciprocated  in  the 
55  direction  of  the  arrows  D  and  E  by  a  ram  which 

interconnects  the  punch  100  with  a  drive  system 
(not  shown)  capable  of  reciprocating  the  ram,  and 
thus  the  punch  100,  along  a  substantially  lin- 
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ear/axial  path  through  the  redraw  die  84  and  ironing 
rings  124.  In  certain  all-metal  ram  configurations  in 
bodymakers,  the  ironing  rings  124  are  actually  off- 
set  to  a  certain  degree  (i.e.,  the  rings  124  are  not 
linearly  aligned  on  a  horizontal  plane)  to  account 
for  the  deflection  of  such  rams  due  to  their  weight. 
As  noted  above,  ram  deflection  produces  a  number 
of  problems  in  a  bodymaker  for  drawn  and  ironed 
containers.  Initially,  deflection  can  result  in  the 
punch  100  impacting  the  redraw  die  84  and/or  the 
ironing  rings  124,  each  of  which  could  damage 
such  components  and/or  the  container  body  128 
being  formed.  Even  if  such  an  impact  does  not 
occur,  ram  deflection  can  cause  certain  defects  in 
the  structure  of  the  container  body  128.  For  in- 
stance,  there  can  be  an  uneven  distribution  of 
metal  along  the  body's  128  sidewall  132  and/or  the 
stresses  within  the  sidewall  132  can  be  increased 
to  an  undesirable  degree.  Moreover,  the  sidewall 
132  of  the  container  body  128  may  actually  tear. 
Although  offsetting  the  ironing  rings  124  may  pro- 
vide  some  benefit  in  avoiding  these  types  of  prob- 
lems  associated  with  ram  misalignment,  it  can  be 
appreciated  that  inaccuracies  in  establishing  this 
offset  will  often  inevitably  occur  due  to  a  plurality  of 
factors.  Moreover,  providing  for  this  offset  of 
course  increases  the  set-up  time  for  a  production 
run  for  a  given  container  body  128  and  ram. 

One  embodiment  of  a  ram  which  is  formed  at 
least  in  part  from  a  reinforced  composite  material 
to  reduce  the  weight  thereof  and/or  increase  the 
rigidity  thereof  in  accordance  with  the  principles  of 
the  present  invention,  and  to  thus  reduce  deflection 
to  reduce  the  potential  for  the  above-identified 
types  of  problems,  is  illustrated  in  Fig.  4.  The  ram 
160  of  Fig.  4  generally  includes  first  and  second 
ram  portions  164,  180.  The  first  ram  portion  164  is 
formed  from  an  appropriate  metal  such  as  a  carbon 
steel,  which  as  will  be  discussed  below  at  least  in 
part  allows  for  interconnection  of  the  ram  160  with 
the  punch  assembly  260  (Fig.  5)  and  ram  drive 
assembly  288  (Figs.  7,  9)  in  a  manner  which  mini- 
mizes  the  amount  of  retrofitting,  if  any,  required  to 
use  the  ram  160  with  existing  configurations  of 
such  assemblies  260,  288.  This  also  allows  for 
maintenance  of  a  metal-on-metal  interface  to  en- 
hance  the  strength  of  the  described  interconnec- 
tions.  The  second  ram  portion  180  is  formed  from 
an  appropriate  reinforced  composite  material.  Al- 
though  a  variety  of  reinforced  composites  may  be 
appropriate  for  this  particular  application,  in  one 
embodiment  the  reinforced  composite  material  is 
carbon  and/or  graphite  fibers,  impregnated  with  an 
appropriate  resin  (e.g.,  T5012K/ERL  1908  prepreg 
tape/prepreg  tow  from  Amoco  Corporation),  which 
are  applied  to  the  ram  160  in  a  manner  discussed 
below.  However,  a  variety  of  types  of  fibers  from 
both  a  materials  standpoint  and/or  from  a  configu- 

ration  standpoint  (e.g.,  continuous  fibers,  long  fi- 
bers,  short  fibers),  as  well  as  a  variety  of  other 
types  of  reinforced  matrices  may  be  appropriate. 
Nonetheless,  based  upon  this  use  of  a  reinforced 

5  composite  material,  the  weight  of  the  ram  160  is 
desirably  reduced  and  the  manner  in  which  the 
composite  material  is  applied  may  increase  the 
rigidity  and/or  affect  other  properties  of  the  ram 
160  in  a  desirable  manner. 

io  The  first  ram  portion  164  has  first  and  second 
end  portions  168,  172  which  are  integrally  con- 
nected  by  an  intermediate  portion  176  (i.e.,  the  first 
ram  portion  164  is  of  unitary  construction).  Con- 
sequently,  the  first  and  second  end  portions  168, 

75  172  of  the  first  ram  portion  164  and  the  second 
ram  portion  180  thus  define  three  longitudinally 
aligned  portions,  the  second  ram  portion  180  being 
positioned  longitudinally  between  the  first  and  sec- 
ond  end  portions  168,  172. 

20  The  first  end  portion  168  is  interconnected  to 
an  appropriate  punch  assembly  which  is  integral  in 
the  formation  of  the  container  body  128  as  de- 
scribed  above  with  regard  to  the  redrawing  and 
ironing  procedure  of  Fig.  3.  One  embodiment  of  a 

25  punch  assembly  260  currently  used  with  existing 
configurations  of  all-metal  rams  (not  shown)  is  illus- 
trated  in  Fig.  5  as  it  could  be  interconnected  to  the 
ram  160.  The  punch  assembly  260  generally  in- 
cludes  a  punch  sleeve  264,  a  punch  nose  276,  and 

30  a  punch  bolt  280  which  are  detachably  intercon- 
nected  and  assembled  in  a  desirable  manner.  Gen- 
erally,  the  punch  nose  276  is  in  one  embodiment 
formed  from  tool  steel  and  defines  at  least  a  por- 
tion  of  the  configuration  of  the  bottom  136  of  the 

35  container  body  128  by  engaging  the  bottom  44  of 
the  cup  32  in  the  above-described  redraw  and 
ironing  procedure  of  Fig.  3,  including  the  annular 
supporting  surface  138  of  the  container  body  128. 
Moreover,  the  punch  nose  276  also  defines  the 

40  portion  of  the  body  128  which  tapers  in  from  the 
sidewall  132  of  the  container  body  128  to  the 
annular  supporting  surface  138.  Furthermore,  the 
punch  nose  276  defines  a  portion  of  the  container 
body  128  which  interconnects  the  annular  support- 

45  ing  surface  138  with  the  dome  140  of  the  container 
body  128  formed  by  the  interaction  between  the 
punch  assembly  260  and,  for  instance,  the  com- 
pound  doming  die  144  as  noted  above  with  regard 
to  Fig.  3.  Consequently,  it  can  be  appreciated  that 

50  the  punch  nose  276  is  an  integral  portion  of  the 
punch  assembly  260  and  would  typically  be  most 
affected  by  an  impacting  of  the  redraw  die  84 
and/or  ironing  rings  124  of  Fig.  3  due  to  misalign- 
ment  of  the  ram  160.  Therefore,  in  order  to  avoid 

55  having  to  replace  an  entire  ram  160  if  the  punch 
nose  276  becomes  damaged  and/or  to  allow  for  the 
same  bodymaker  to  be  used  to  form  container 
bodies  having  differing  bottom  configurations,  the 
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punch  nose  276  is  detachably  connected  to  the 
ram  160. 

The  punch  sleeve  264  is  in  one  embodiment 
formed  from  carbide  and  interfaces  with  the  punch 
nose  276  and  a  shoulder  200  of  the  first  end 
portion  168  of  the  ram  160  to  define  the  configura- 
tion  for  the  container  body's  128  sidewall  132  and 
to  allow  for  an  effective  interconnection  of  the 
punch  assembly  260  to  the  ram  160.  In  order  to 
assist  in  the  alignment  of  the  punch  sleeve  264  on 
the  first  end  portion  168  and  to  reduce  manufactur- 
ing  tolerances,  the  first  end  portion  168  and  punch 
sleeve  264  include  a  plurality  of  steps  204,  268, 
respectively,  which  are  interconnected  by  step  con- 
nectors  208,  272,  respectively.  By  utilizing  this 
interface  between  the  punch  sleeve  264  and  the 
first  end  portion  168  it  is  not  necessary  to  attempt 
to  obtain  uniform  contact  along  the  entire  length  of 
the  interconnection  of  the  sleeve  264  and  first  end 
portion  168  while  maintaining  the  desired  orienta- 
tion  of  the  punch  sleeve  264  (e.g.,  being  generally 
cylindrical  and  substantially  parallel  to  the  central 
axis  of  the  ram  160).  For  instance,  in  one  embodi- 
ment  the  length  of  the  punch  sleeve  264  is  approxi- 
mately  seven  inches  and  it  may  thus  be  difficult  to 
achieve  uniform  contact  along  the  entire  distance 
and/or  within  a  preferred  range  of  tolerances. 

The  punch  bolt  280  interconnects  the  punch 
nose  276  and  punch  sleeve  264  on  the  first  end 
portion  168  and  also  is  utilized  in  the  formation  of 
the  dome  140  of  the  container  body  128  by  inter- 
acting  with,  for  instance,  the  compound  doming  die 
144  (Fig.  3).  With  regard  to  the  actual  interconnec- 
tion,  an  end  of  the  punch  sleeve  264  engages  a 
shoulder  200  of  the  first  end  portion  168  and  is 
retained  thereagainst  by  the  punch  nose  276  which 
engages  an  opposite  end  of  the  punch  sleeve  264. 
The  punch  nose  276  is  acted  upon  by  the  punch 
bolt  280  to  force  the  punch  nose  276  into  engage- 
ment  with  the  punch  sleeve  264  in  the  described 
manner.  Consequently,  the  punch  sleeve  264  is 
firmly  retained  between  the  shoulder  200  of  the 
first  end  portion  168  and  the  punch  nose  276. 
Although  a  variety  of  connections  may  be  appro- 
priate  for  interconnecting  the  punch  bolt  280  and 
the  first  end  portion  168,  in  one  embodiment  a 
threaded  connection  is  utilized  and  is  preferably 
formed  by  utilizing  threads  formed  by  a 
SPIRALOCK®  tap.  Generally,  the  threads  212  of 
the  ram  160  are  specifically  configured  as  illus- 
trated  in  Fig.  6  to  effectively  distribute  the  forces 
imparted  upon  the  punch  assembly  260  during 
operation.  This  is  desirable  in  that  the  interconnec- 
tion  between  the  punch  assembly  260  and  the  ram 
160  may  experience  about  5,000-7,000  pounds  in 
compressive  load  when  passing  through  the  redraw 
die  84  and  ironing  rings  124  and  when  impacted  by 
the  compound  doming  die  144  (Fig.  3)  when  for- 

ming  the  container  body  128  at  a  certain  produc- 
tion  rate,  and  about  2700  pounds  in  tensile  forces 
when  the  punch  assembly  260  and  ram  160  are 
retracted  through  the  ironing  rings  124  and  redraw 

5  die  84  for  reinitialization  and  formation  of  another 
container  body  128. 

Since  there  is  a  metal-on-metal  interface  be- 
tween  the  punch  assembly  260  and  the  ram  160, 
namely  in  the  threaded  connection  established  be- 

io  tween  the  punch  bolt  280  and  the  first  end  portion 
168,  the  strength  of  the  interconnection  is  main- 
tained  at  a  level  to  sufficiently  withstand  the  above- 
identified  stresses  encountered  during  the  redraw 
and  ironing  procedure  illustrated  in  Fig.  3.  More- 

15  over,  this  configuration  of  the  first  end  portion  168 
allows  punch  assemblies  of  an  existing  configura- 
tion  to  continue  to  be  used  with  the  ram  160  of  the 
present  invention,  thereby  minimizing  the  amount 
of  retrofitting  of  the  bodymaker  required  to  utilize 

20  the  ram  160. 
As  noted  above,  the  container  body  128  is 

substantially  conformed  to  the  contour  of  the  punch 
assembly  260  during  the  redraw  and  ironing  proce- 
dure  of  Fig.  3.  In  order  to  remove  the  container 

25  body  128  from  the  punch  assembly  260  when  the 
ram  is  retracted  in  the  direction  of  the  arrow  E  in 
Fig.  3,  such  as  by  the  ram  drive  assembly  288  to 
be  discussed  below,  stripping  fingers  148  (Fig.  3) 
may  be  used  to  engage  the  sidewall  132  of  the 

30  container  body  128  and  remove  such  from  the 
punch  assembly  260.  In  order  to  at  least  assist  in 
this  removal  of  the  container  body  128,  in  one 
embodiment  a  conduit  184  extends  through  sub- 
stantially  the  entire  length  of  the  ram  160  substan- 

35  tially  about  its  central  axis.  Moreover,  a  conduit  284 
extends  through  the  punch  bolt  280  of  the  above- 
described  punch  assembly  260  and  is  aligned  with 
the  conduit  184.  Therefore,  an  appropriate  medium 
such  as  air  may  be  forced  through  the  conduits 

40  184,  284  to  at  least  assist  in  the  removal  of  the 
container  body  128  from  the  punch  assembly  260. 
In  this  instance,  it  may  be  desirable  to  position  an 
o-ring  (not  shown)  within  the  o-ring  groove  192  on 
the  end  of  the  second  end  portion  172. 

45  The  ram  160  is  interconnected  to  an  appro- 
priate  ram  drive  assembly  288  (Figs.  7,  9)  such 
that  the  punch  assembly  260  may  be  advanced 
through  the  redraw  die  84  and  ironing  rings  124  of 
Fig.  3  in  the  above-described  manner.  In  this  re- 

50  gard,  the  second  end  portion  172  of  the  first  ram 
portion  1  64  as  noted  above  is  formed  from  a  metal 
(as  is  the  entire  first  ram  portion  164),  and  thus 
allows  for  a  metal-on-metal  interface  for  this  inter- 
connection.  This  also  minimizes  the  amount  of 

55  retrofitting  required  to  adapt  the  ram  160  for  use 
with  certain  existing  ram  drive  mechanisms  of 
bodymakers.  Although  a  variety  of  interconnections 
may  be  appropriate,  one  such  interconnection  is 

8 
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illustrated  in  Fig.  7. 
With  regard  to  one  type  of  an  interconnection 

between  the  ram  160  and  the  ram  drive  assembly 
288,  the  second  end  portion  172  includes  a  notch 
188  which  extends  about  a  substantially  circum- 
ferential  portion  of  the  second  end  portion  172.  A 
split  ring  236  is  positioned  within  the  notch  188  and 
is  engaged  between  a  split  ring  retainer  240  and  a 
ram  block  244.  Consequently,  by  engaging  the  split 
ring  retainer  240  and  ram  block  244  with  screws 
which  are  positioned  in  holes  248,  the  ram  160 
may  be  securely  interconnected  to  the  ram  drive 
assembly  288.  Screws  and/or  dowels  (not  shown) 
may  also  be  positioned  within  the  screw  holes  196 
to  reduce  the  potential  for  relative  rotation  between 
the  ram  160  and  the  ram  drive  assembly  288  as 
also  illustrated  in  Fig.  8. 

As  noted  above,  the  second  ram  portion  180  is 
formed  from  an  appropriate  reinforced  composite 
material  to  reduce  the  total  weight  of  the  ram  160. 
As  can  be  appreciated,  the  type  of  reinforced  com- 
posite  material  utilized  as  well  as  the  manner  in 
which  the  composite  material  is  incorporated  on 
the  ram  160  may  be  varied  to  provide  desirable 
properties  for  the  ram  160  (e.g.,  various  matrices 
may  be  appropriate,  various  manners  of  reinforce- 
ment  may  be  appropriate).  For  instance,  in  the 
case  where  the  composite  material  is  reinforced 
with  appropriate  fibers,  such  as  carbon  and/or 
graphite  fibers  impregnated/coated  with  an  appro- 
priate  resin  matrix,  the  manner  in  which  such  fibers 
are  applied  to/about  the  intermediate  portion  176  of 
the  first  ram  portion  164  may  be  varied  to  alter  the 
properties  of  the  ram  160  (e.g.,  to  vary  the  rigidity 
of  the  ram  160).  In  one  embodiment  high  modulus 
carbon  fibers  impregnated  with  a  resin  matrix  such 
as  the  above-noted  ERL  1908  are  applied  to  the 
intermediate  portion  176  in  a  multiple  layer  configu- 
ration.  In  this  case,  layers  of  lengthwise  as  well  as 
radial  windings  of  fibers  may  be  applied  to  the 
intermediate  portion  176  to  provide  desirable  char- 
acteristics  for  the  ram  160.  Although  a  variety  of 
fibers  may  be  utilized,  preferably  the  modulus  of 
elasticity  of  this  particular  fiber-reinforced  compos- 
ite  material  itself  ranges  from  about  51.3  x  10G  psi 
to  about  62.7  x  10G  psi. 

The  above-described  ram  160  could  be  incor- 
porated  into  the  bodymaker  80  to  propel  the  punch 
assembly  260  through  the  redraw  die  84  and  iron- 
ing  rings  124  in  the  configuration  of  Fig.  3.  In  this 
regard,  the  interconnection  of  Fig.  7  between  the 
ram  160  and  the  ram  block  244  could  be  utilized  to 
allow  for  use  of  the  ram  drive  assembly  288  of  Fig. 
9.  Generally,  the  ram  drive  assembly  288  includes 
a  rotatable  wheel  290  having  a  first  crank  pin  291 
attached  thereto.  A  linkage  292  interconnects  the 
first  crank  pin  291  to  a  second  crank  pin  294  which 
is  attached  to  the  ram  block  244.  The  ram  block 

244  is  restrained  so  as  to  have  reciprocating  linear 
motion  along  one  axis  only.  Consequently,  upon 
rotation  of  the  wheel  290  it  can  be  appreciated  that 
the  ram  block  244,  and  thus  the  ram  160  attached 

5  thereto,  is  reciprocated  in  a  substantially  axial  di- 
rection. 

In  order  to  provide  support  for  the  cantilevered 
connection  between  the  ram  160  and  the  ram  drive 
assembly  288,  a  ram  guidance  system  may  be 

io  positioned  proximate  the  redraw  die  84.  For  in- 
stance,  this  ram  guidance  system  may  be  provided 
by  hydrostatic  bearings  (not  shown)  which  engage 
the  ram  160.  Another  type  of  ram  guidance  system 
296  is  illustrated  in  Fig.  10  and  includes  a  three 

is  cam  rollers  300  for  engaging  the  ram  160.  In  order 
to  enhance  the  interface  between  the  rollers  300 
and  the  ram  160,  the  ram  160  may  have  multiple 
inclined  engaging  surfaces  216  defining  its  perim- 
eter  as  illustrated  in  Figs.  8  and  10.  Although  three 

20  rollers  300  are  illustrated,  it  can  be  appreciated  that 
other  combinations  may  be  utilized,  including  using 
a  single  roller  to  engage  the  lower-most  portion  of 
the  ram  160. 

In  one  embodiment,  the  above-described  fiber- 
25  reinforced  composite  material  of  the  second  ram 

portion  180  is  positioned  about  the  intermediate 
portion  176  of  the  first  ram  portion  164  and  is 
thereafter  machined  to  form  the  multiple  perimeter 
surface  configuration.  Although  the  composite  ma- 

30  terial  of  the  second  ram  portion  180  may  directly 
engage  the  rollers  300  of  the  ram  guidance  system 
296,  in  one  embodiment  steel  wear  strips  220  are 
positioned  within  notches  224  in  each  of  the  six 
surfaces  as  illustrated  in  Figs.  4  and  8.  Therefore, 

35  only  the  wear  strips  220  will  require  replacement  if 
need  be  versus  the  entire  ram  160.  In  order  to 
allow  for  the  expiration  of  a  longer  period  of  time 
between  replacement  of  wear  strips  220,  the  ram 
160  may  be  rotated  to  engage  three  alternate  sur- 

40  faces  and  wear  strips  220. 
With  further  regard  to  the  configuration  which 

incorporates  the  wear  strips  220,  particularly  one 
manner  in  which  the  ram  160  may  be  formed  in 
such  a  configuration,  initially  a  unidirectional 

45  prepreg  (e.g.,  carbons  fibers  impregnated  with  an 
appropriate  resin)  is  wrapped  around  the  intermedi- 
ate  portion  176  of  the  ram  at  various  angles  to  form 
a  base  of  the  second  ram  portion  180.  The  ram 
160  is  then  cured  at  a  temperature  of  350  °F  for  8 

50  hours,  including  1  hour  to  build  up  to  350  °F  and  1 
hour  to  cool  down  therefrom.  The  base  of  the 
second  ram  portion  180  is  then  machined  down  to 
a  substantially  cylindrical  form  and  the  wear  strips 
220  are  applied  and  bonded  thereto  in  an  appro- 

55  priate  manner.  In  one  embodiment,  opposing  wear 
strips  220  are  bonded  to  the  machined  portion  and 
thereafter  cured  at  a  temperature  of  150°F  to 
250  °  F  for  1  to  hours.  After  all  of  the  wear  strips 

9 
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220  have  been  bonded  in  this  manner,  the  prepreg 
is  laid  up  longitudinally  between  the  wear  strips 
220  to  an  outer  diameter  which  is  slightly  larger 
than  that  of  the  wear  strips  220.  Thereafter,  the  ram 
160  is  appropriate  wrapped  and  cured  again  at  a 
temperature  of  350  °  F  for  8  hours.  Once  appro- 
priately  cured,  the  second  ram  portion  180  may  be 
machined  to  the  desired  specifications. 

Notwithstanding  the  support  provided  to  the 
ram  utilized  in  a  given  bodymaker  by  the  ram 
guidance  system  296  or  other  functional  equiv- 
alents  thereof,  as  well  as  any  support  provided  by 
the  redraw  die  84  and  ironing  rings  124  when  the 
ram  160  is  passing  therethrough  during  formation 
of  the  container  body  128  (i.e.,  the  presence  of  the 
container  body  128  between  the  ram  160  and  the 
redraw  die  84/ironing  rings  124  may  provide  some 
degree  of  support  to  the  ram  160  under  certain 
conditions,  but  such  support  will  not  be  provided 
by  the  redraw  die  84/ironing  rings  124  during  re- 
traction  of  the  ram  160  since  there  is  a  clearance 
therebetween),  there  is  a  relatively  close  tolerance 
between  the  ram  and  the  redraw  die  84  and  the 
ironing  rings  124  such  that  a  certain  amount  of 
deflection  of  the  ram  may  cause  a  misalignment  of 
the  ram.  Certain  degrees  of  misalignment  may 
cause  a  number  of  problems.  For  instance,  misalig- 
nment  or  a  drooping  of  the  ram  may  cause  an 
uneven  distribution  in  the  sidewall  of  the  cylindrical 
container  body  128  and/or  may  increase  the  poten- 
tial  for  a  tearing  of  the  container  body  128  during 
formation.  Furthermore,  such  misalignment  may 
cause  increased  stresses  in  the  sidewall  132  of  the 
container  body  128  which  may  lead  to  failure  of  the 
container  body  128  in  subsequent  processing 
and/or  use.  Moreover,  the  punch  nose  276  may 
impact  the  redraw  die  84  and/or  ironing  rings  124 
in  a  manner  which  will  damage  the  punch  nose 
276,  redraw  die  84,  and/or  ironing  rings  124  and/or 
the  compound  doming  die  144  in  a  manner  which 
will  require  replacement  of  the  damaged  compo- 
nents.  Moreover,  ironing  rings  124  may  wear  un- 
evenly  causing  the  container  body  128  to  be  out  of 
round,  which  thereby  increases  the  potential  for 
subsequent  processing  failure. 

The  ram  160  provides  a  number  of  advantages 
over  existing  all-metal  ram  configurations  (not 
shown)  by  addressing  the  above-identified  types  of 
problems.  For  instance,  a  steel  ram  formed  in  a 
configuration  similar  to  the  ram  160  and  having  a 
length  of  approximately  49  inches  weighs  approxi- 
mately  70  pounds  with  the  punch  assembly  260 
attached  thereto,  whereas  the  ram  160  with  the 
punch  assembly  260  attached  thereto  weighs  ap- 
proximately  30  pounds.  Consequently,  the  speed  at 
which  the  present  invention  may  be  operated  with 
its  reinforced  composite  ram,  due  at  least  in  part  to 
this  weight  reduction,  is  believed  to  be  increased 

by  at  least  10%  over  an  all-metal  configuration.  For 
instance,  in  one  type  of  bodymaker  the  speed  at 
which  the  all-metal  ram  (e.g.,  carbon  steel)  may  be 
advanced  through  its  redraw  die  and  ironing  rings 

5  is  only  approximately  250  strokes  per  minute.  In 
contrast,  based  upon  the  weight  reduction  achieved 
by  utilizing  the  composite  material  in  the  configura- 
tion  of  the  ram  160,  it  is  believed  that  the  same 
bodymaker  utilizing  the  ram  160  can  be  operated 

io  at  speeds  greater  than  275  strokes  per  minute. 
Therefore,  the  production  capacity  of  a  bodymaker 
utilizing  the  principles  of  the  present  invention  may 
be  desirably  increased. 

With  further  regard  to  advantages  of  the  ram 
is  160  utilizing  the  principles  of  the  present  invention, 

in  a  bodymaker  the  ram  is  often  extended  a  length 
of  between  18  and  26  inches  from  the  associated 
ram  guidance  system  to  fully  form  the  given  con- 
tainer  body  (e.g.,  the  stroke  of  the  bodymaker's 

20  ram  is  typically  greater  than  15  inches,  and  usually 
ranges  from  an  18  inch  stroke  to  a  26  inch  stroke). 
In  the  above-identified  all-metal  ram  configuration 
with  a  24  inch  stroke  (not  shown),  the  ram  has  a 
deflection  of  0.0094  inches.  In  contrast,  the  ram 

25  160  utilizing  the  composite  material  for  the  de- 
scribed  portion  of  its  structure  has  a  deflection  of 
only  about  0.0030.  In  the  event  that  a  longer  stroke 
is  utilized,  this  magnitude  of  deflection  would  be 
further  magnified,  and  would  thus  further  increase 

30  the  potential  for  damage  to  the  bodymaker  and/or 
container  body  of  the  above-described  types.  As 
can  be  appreciated,  a  variety  of  lengths  of  strokes 
in  bodymakers  may  be  utilized  depending  upon,  for 
instance,  the  size/type  of  container  being  formed. 

35  Nonetheless,  even  a  bodymaker  having  a  relatively 
short  stroke  may  achieve  certain  advantages  by 
incorporating  a  ram  utilizing  the  principles  of  the 
present  invention. 

Another  embodiment  of  the  present  invention 
40  which  incorporates  a  reinforced  composite  material 

of  the  above-described  type,  and  thereby  provides 
similar  advantages  to  the  ram  160,  is  the  ram  304 
of  Fig.  11.  The  ram  304  generally  includes  first, 
second,  and  third  ram  portions  308,  312,  316  which 

45  are  preferably  longitudinally  aligned.  The  first  and 
third  ram  portions  308,  316  are  formed  from  an 
appropriate  metal  and  may  be  configured  similarly 
to  the  first  and  second  end  portions  168,  172  of  the 
ram  160  to  allow  for  interconnection  to  the  punch 

50  assembly  260  and  ram  drive  assembly  288,  re- 
spectively,  in  the  above-described  manners.  More- 
over,  the  second  ram  portion  312  is  formed  from 
an  appropriate  reinforced  composite  material  such 
as  those  noted  above  to  reduce  the  overall  weight 

55  of  the  ram  304  and  allow  for  increased  rigidity 
thereof. 

In  one  embodiment,  the  second  ram  portion 
312  of  the  ram  304  is  interconnected  with  each  of 

10 
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the  first  and  third  ram  portions  308,  316  by  an 
appropriate  binder.  As  noted  above,  the  ram  304 
experiences  relatively  significant  compressive  and 
tension  stresses  in  forcing  the  cup  32  (Fig.  3) 
through  the  redraw  die  84  and  ironing  rings  124, 
and  in  being  retracted  therethrough  after  the  con- 
tainer  body  128  is  formed,  respectively.  Conse- 
quently,  in  order  to  increase  the  bonding  area 
between  the  interface  between  the  second  ram 
portion  312  and  each  of  the  first  and  third  ram 
portions  308,  316,  it  may  be  desirable  to  incor- 
porate  a  number  of  first  and  second  annular  sur- 
faces  320,  324  as  illustrated  in  Fig.  10.  Although  it 
can  be  appreciated  that  the  weight  of  the  ram  304 
may  be  reduced  by  this  configuration,  the  intercon- 
nections  between  the  second  ram  portion  312  and 
each  of  the  first  and  third  ram  portions  308,  316 
must  be  able  to  withstand  the  stresses  involved 
during  the  container  body  forming  procedure. 
Moreover,  the  complexity  of  the  interconnections 
may  make  manufacturing  the  ram  304  somewhat 
difficult. 

Based  upon  the  foregoing,  it  can  be  appre- 
ciated  that  the  present  invention  provides  a  number 
of  advantages.  Moreover,  the  principles  may  be 
extended  to  applications  relating  to  the  formation  of 
container  bodies  other  than  the  described  drawing 
and  ironing  procedure  for  the  bodymaker  80.  For 
instance,  it  may  be  desirable  to  incorporate  a  ram, 
which  is  formed  at  least  in  part  from  a  reinforced 
composite  material,  into  an  apparatus  for  forming 
cups  32  as  generally  illustrated  in  Fig.  3.  Further- 
more,  various  geometrical  configuration  of  rams 
(e.g.,  round)  may  be  employed  depending  upon 
prescribed  circumstances,  and  the  "composition" 
of  the  ram  may  range  from  an  all  reinforced  com- 
posite  material  variety,  to  one  which  includes  a 
combination  of  such  material  with  an  appropriate 
metal  (e.g.,  ram  160,  ram  304).  In  any  case,  by 
incorporating  a  reinforced  composite  material  it 
may  be  possible  to  reduce  the  weight  of  a  particu- 
lar  ram  utilized  in  the  container  body  forming  pro- 
cess  to  about  20-50%  of  an  all  steel  ram  of  a 
similar  configuration. 

The  foregoing-description  of  the  present  inven- 
tion  has  been  presented  for  purposes  of  illustration 
and  description.  Furthermore,  the  description  is  not 
intended  to  limit  the  invention  to  the  form  disclosed 
herein.  Consequently,  variations  and  modifications 
commensurate  with  the  above  teachings,  and  skill 
and  knowledge  of  the  relevant  art,  are  within  the 
scope  of  the  present  invention.  The  embodiments 
described  hereinabove  are  further  intended  to  ex- 
plain  best  modes  known  of  practicing  the  invention 
to  enable  others  skilled  in  the  art  to  utilize  the 
invention,  and  such  other  embodiments,  and  with 
various  modifications  required  by  the  particular  ap- 
plications  or  uses  of  the  present  invention.  It  is 

intended  that  the  appended  claims  be  construed  to 
include  alternative  embodiments  to  the  extent  per- 
mitted  by  the  prior  art. 

Preferred  embodiments  of  the  invention  are 
5  disclosed  in  the  claims  and  also  the  dependent 

claims,  which  should  be  read  as  depending  not 
only  on  the  specified  claims,  but  on  any  other 
claim  and  combination  thereof.  The  same  is  true 
for  the  following  summary  of  the  invention. 

10 
The  invention  may  be  summarized  as  follows: 

1.  An  apparatus  for  forming  a  container  body 
from  a  piece  of  sheet  metal  stock,  comprising: 

is  punch  means  having  an  end  portion  and  a 
sidewall  portion; 

means  for  axially  advancing  said  punch 
means,  said  means  for  axially  advancing  com- 
prising  a  reinforced  composite  material,  said 

20  end  portion  of  said  punch  means  being  en- 
gageable  with  at  least  a  portion  of  said  piece  of 
sheet  metal  stock;  and 

means  for  substantially  conforming  at  least 
a  portion  of  said  piece  of  sheet  metal  stock  to 

25  said  sidewall  portion  of  said  punch  means  as 
said  punch  means  is  axially  advanced,  wherein 
a  container  body  having  a  bottom  and  integral 
sidewall  is  formed. 
2.  An  apparatus,  as  in  1,  wherein: 

30  said  punch  means  is  detachably  connected 
to  an  end  portion  of  said  means  for  axially 
advancing. 
3.  An  apparatus,  as  in  1,  wherein: 

said  composite  material  has  a  modulus  of 
35  elasticity  ranging  from  about  51.3  x  10G  pounds 

per  square  inch  to  about  62.7  x  10G  pounds  per 
square  inch. 
4.  An  apparatus,  as  in  1,  wherein: 

said  composite  material  comprises  at  least 
40  one  of  carbon  fibers  and  graphite  fibers  having  a 

resin  thereon. 
5.  An  apparatus,  as  in  1,  wherein: 

said  means  for  axially  advancing  is  a  com- 
posite  ram,  said  composite  ram  having  a  weight 

45  ranging  from  about  20%  to  about  50%  of  a 
similarly  configured  all  carbon  steel  ram. 
6.  An  apparatus,  as  in  1,  wherein: 

said  means  for  axially  advancing  is  a  com- 
posite  ram  and  comprises  first,  second,  and 

50  third  longitudinally-aligned  ram  portions,  said 
first  and  third  ram  portions  comprising  a  metal, 
said  second  ram  portion  comprising  said  com- 
posite  material  and  being  positioned  longitudi- 
nally  between  said  first  and  third  ram  portions. 

55  7.  An  apparatus,  as  in  6,  further  comprising: 
drive  means  for  driving  said  composite  ram 

between  at  least  first  and  second  positions,  said 
drive  means  being  detachably  connected  to  said 

11 
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third  ram  portion,  said  punch  means  being  de- 
tachably  connected  to  said  first  ram  portion. 
8.  An  apparatus,  as  in  6,  wherein: 

said  first  and  third  ram  portions  are  integ- 
rally  connected  by  an  intermediate  ram  portion, 
said  second  ram  portion  being  positioned  about 
and  secured  to  said  intermediate  ram  portion. 
9.  An  apparatus,  as  in  1,  further  comprising: 

means  for  guiding  said  means  for  axially 
advancing  toward  said  means  for  conforming. 
10.  An  apparatus,  as  in  9,  wherein: 

said  means  for  axially  advancing  comprises 
a  ram,  wherein  a  perimeter  of  at  least  a  first 
longitudinal  portion  of  said  ram  comprises  a 
plurality  of  substantially  planar  surfaces,  said 
means  for  guiding  engaging  at  least  one  of  said 
surfaces. 
11.  An  apparatus,  as  in  9,  further  comprising: 

wear  strip  means  positioned  on  said  means 
for  axially  advancing,  said  wear  strip  means 
interfacing  with  said  means  for  guiding. 
12.  An  apparatus,  as  in  9,  wherein: 

said  punch  means  extends  beyond  said 
means  for  guiding  a  distance  of  at  least  15 
inches  when  said  punch  means  completes  its 
interaction  with  said  means  for  conforming. 
13.  An  apparatus,  as  in  1,  further  comprising: 

means  for  forcing  a  medium  through  a  lon- 
gitudinal  conduit  portion  of  said  means  for  ax- 
ially  advancing  to  at  least  assist  in  a  removal  of 
said  container  body  from  said  punch  means. 
14.  An  apparatus,  as  in  1,  wherein: 

said  means  for  axially  advancing  is  a  sub- 
stantially  horizontally  positioned  ram. 
15.  An  apparatus,  as  in  1,  further  comprising: 

drive  means  for  driving  said  means  for  ax- 
ially  advancing  between  at  least  first  and  second 
positions  to  define  a  stroke  for  said  means  for 
axially  advancing,  said  means  for  axially  advan- 
cing  comprising  a  composite  ram,  said  container 
body  being  formed  in  driving  said  composite 
ram  from  said  first  position  to  said  second  posi- 
tion. 
16.  An  apparatus,  as  in  15,  wherein: 

said  drive  means  drives  said  composite  ram 
between  said  first  and  second  positions  at  a  rate 
which  is  at  least  ten  percent  greater  than  a 
similarly  configured  all  carbon  steel  ram. 
17.  An  apparatus,  as  in  1,  wherein: 

said  means  for  conforming  comprises  a  re- 
draw  die. 
18.  An  apparatus,  as  in  1,  wherein: 

said  first  means  comprises  a  plurality  of 
linearly  aligned  and  spaced  ironing  rings. 
19.  An  apparatus,  as  in  1,  further  comprising: 

means  for  reducing  a  thickness  of  and  in- 
creasing  a  length  of  said  sidewall  portion  of  said 
container  body  to  further  form  said  container 

body  as  said  punch  means  is  axially  advanced. 
20.  An  apparatus  for  forming  a  container  body 
from  a  piece  of  sheet  metal  stock,  comprising: 

punch  means  having  an  end  portion  and  a 
5  sidewall  portion; 

ram  means  comprising  first,  second,  and 
third  longitudinally-aligned  ram  portions,  said 
first  and  third  ram  portions  comprising  a  metal, 
said  second  ram  portion  comprising  a  reinforced 

io  composite  material  and  being  longitudinally  po- 
sitioned  between  said  first  and  third  portions, 
wherein  said  punch  means  is  detachably  con- 
nected  to  said  first  ram  portion; 

drive  means  for  axially  advancing  said  ram 
is  means,  said  drive  means  being  detachably  con- 

nected  to  said  third  ram  portion,  said  end  por- 
tion  of  said  punch  means  being  engageable  with 
said  piece  of  sheet  metal  stock;  means  for  sub- 
stantially  conforming  at  least  a  portion 

20  of  said  piece  of  sheet  metal  shock  to  said 
sidewall  portion  of  said  punch  means  to  form  a 
body  having  a  bottom  and  integral  sidewall  as 
said  ram  means  is  axially  advanced;  and 

first  means  for  reducing  a  thickness  of  and 
25  increasing  a  length  of  said  sidewall  of  said  body 

as  said  ram  means  is  axially  advanced  to  form 
said  container  body. 
21.  An  apparatus,  as  in  20,  wherein: 

said  composite  material  has  a  modulus  of 
30  elasticity  ranging  from  about  51.3  x  10G  pounds 

per  square  inch  to  about  62.7  x  10G  pounds  per 
square  inch. 
22.  An  apparatus,  as  in  20,  wherein: 

said  composite  material  comprises  at  least 
35  one  of  carbon  fiber  and  graphite  fiber  having  a 

resin  thereon. 
23.  An  apparatus,  as  in  20,  wherein: 

said  ram  means  has  a  weight  ranging  from 
about  20%  to  about  50%  of  a  similarly  config- 

40  ured  all  carbon  steel  ram. 
24.  An  apparatus,  as  in  20,  wherein: 

said  second  ram  portion  is  adhesively  at- 
tached  to  each  of  said  first  and  third  ram  por- 
tions. 

45  25.  An  apparatus,  as  in  24,  wherein: 
an  interface  between  said  second  ram  por- 

tion  and  each  of  said  first  and  third  ram  portions 
comprises  a  plurality  of  radially  spaced,  sub- 
stantially  annular,  planar  first  surfaces  which  are 

50  substantially  perpendicular  to  a  central  axis  of 
said  ram  means,  said  first  surfaces  which  are 
radially  adjacent  being  interconnected  by  a  sub- 
stantially  annular  second  surface  which  is  sub- 
stantially  parallel  to  said  central  axis. 

55  26.  An  apparatus,  as  in  20,  wherein: 
said  first  and  third  ram  portions  are  integ- 

rally  connected  by  an  intermediate  ram  portion, 
said  second  ram  portion  being  positioned  about 

12 
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and  secured  to  said  intermediate  ram  portion. 
27.  An  apparatus,  as  in  20,  wherein: 

said  ram  means  is  substantially  horizontally 
positioned. 
28.  An  apparatus,  as  in  20,  further  comprising:  5 

means  for  forcing  a  medium  through  a  lon- 
gitudinal  conduit  portion  of  said  ram  means  to 
remove  said  container  body  from  said  punch 
means. 
29.  An  apparatus,  as  in  20,  wherein:  10 

said  drive  means  axially  advances  said  ram 
means  through  a  stroke  to  form  a  single  said 
container  body,  said  stroke  comprising  advan- 
cing  said  ram  means  from  a  first  position  to  a 
second  position  and  thereafter  retracting  said  is 
ram  means  to  said  first  position,  said  drive 
means  advancing  said  ram  means  at  a  rate 
which  is  at  least  ten  percent  greater  than  achiev- 
able  using  a  similarly  configured  all  carbon  steel 
ram.  20 
30.  An  apparatus  for  forming  a  container  body 
from  a  piece  of  sheet  metal  stock,  comprising: 

punch  means  having  an  end  portion  and  a 
sidewall  portion; 

ram  means  comprising  first  and  second  ram  25 
portions,  said  first  ram  portion  comprising  a 
metal  and  having  first  and  second  end  portions 
integrally  interconnected  by  an  intermediate  por- 
tion  extending  between  said  first  and  second 
end  portions,  said  second  ram  portion  compris-  30 
ing  a  reinforced  composite  material  and  being 
positioned  about  said  intermediate  portion, 
wherein  said  punch  means  is  detachably  con- 
nected  to  said  first  end  portion; 

drive  means  for  axially  advancing  said  ram  35 
means,  said  drive  means  being  detachably  con- 
nected  to  said  second  end  portion,  said  end 
portion  of  said  punch  means  being  engageable 
with  said  piece  of  sheet  metal  stock; 

means  for  substantially  conforming  at  least  40 
a  portion  of  said  piece  of  sheet  metal  stock  to 
said  sidewall  portion  of  said  punch  means  as 
said  ram  means  is  advanced  axially  to  form  a 
body  having  a  bottom  and  integral  sidewall;  and 

first  means  for  reducing  a  thickness  of  and  45 
increasing  a  length  of  said  sidewall  portion  of 
said  body  to  form  said  container  body  as  said 
ram  means  is  axially  advanced. 
31.  An  apparatus,  as  in  30,  wherein: 

said  punch  means  is  detachably  connected  so 
to  said  first  end  portion  along  a  substantially 
longitudinal  portion  which  is  positioned  about  a 
central  axis  of  said  ram  means. 
32.  An  apparatus,  as  in  30,  wherein: 

said  second  ram  portion  has  a  modulus  of  55 
elasticity  ranging  from  about  51.3  x  10G  pounds 
per  square  inch  to  about  62.7  x  10G  pounds  per 
square  inch. 

33.  An  apparatus,  as  in  30,  wherein: 
said  reinforced  composite  material  com- 

prises  at  least  one  of  carbon  fiber  and  graphite 
fiber  having  a  resin  thereon. 
34.  An  apparatus,  as  in  30,  wherein: 

said  ram  means  has  a  weight  ranging  from 
about  20%  to  about  50%  of  a  corresponding, 
similarly  configured  all  carbon  steel  ram. 
35.  An  apparatus,  as  in  30,  wherein: 

said  ram  means  is  substantially  horizontally 
positioned. 
36.  An  apparatus,  as  in  30,  further  comprising: 

a  substantially  circumferential  notch  portion 
on  said  second  end  portion  of  said  first  ram 
portion  for  interconnecting  said  ram  means  and 
said  drive  means. 
37.  An  apparatus,  as  in  30,  further  comprising: 

conduit  means,  extending  through  said  first 
and  second  ram  portions  about  a  central  axis  of 
said  ram  means,  for  advancing  a  medium 
through  said  ram  means  to  remove  said  con- 
tainer  body  from  said  punch  means. 
38.  An  apparatus,  as  in  30,  wherein: 

said  drive  means  axially  advances  said  ram 
means  between  at  least  first  and  second  posi- 
tions  to  define  a  stroke,  said  drive  means  axially 
advancing  said  ram  means  at  a  rate  which  is  at 
least  10%  strokes  per  minute  greater  than 
achievable  using  a  similarly  configured  all  car- 
bon  steel  ram,  said  container  body  being  formed 
in  advancing  said  ram  means  from  said  first  to 
said  second  position,  said  container  body  being 
removed  from  said  punch  means  in  advancing 
said  ram  means  from  said  second  position  to 
said  first  position. 

Claims 

1.  An  apparatus  for  forming  a  container  body 
from  a  piece  of  sheet  metal  stock,  comprising: 

punch  means  having  an  end  portion  and  a 
sidewall  portion; 

ram  means  comprising  first,  second,  and 
third  longitudinally-aligned  ram  portions,  said 
first  and  third  ram  portions  comprising  a  metal, 
said  second  ram  portion  comprising  a  rein- 
forced  composite  material  and  being  longitudi- 
nally  positioned  between  said  first  and  third 
portions,  wherein  said  punch  means  is  de- 
tachably  connected  to  said  first  ram  portion; 

drive  means  for  axially  advancing  said  ram 
means,  said  drive  means  being  detachably 
connected  to  said  third  ram  portion,  said  end 
portion  of  said  punch  means  being  engageable 
with  said  piece  of  sheet  metal  stock; 

means  for  substantially  conforming  at  least 
a  portion  of  said  piece  of  sheet  metal  stock  to 
said  sidewall  portion  of  said  punch  means  to 
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form  a  body  having  a  bottom  and  integral 
sidewall  as  said  ram  means  is  axially  ad- 
vanced;  and 

first  means  for  reducing  a  thickness  of  and 
increasing  a  length  of  said  sidewall  of  said  5 
body  as  said  ram  means  is  axially  advanced  to 
form  said  container  body. 

2.  An  apparatus,  as  claimed  in  Claim  1,  wherein: 
said  composite  material  has  a  modulus  of  10 

elasticity  ranging  from  about  51.3  x  10G 
pounds  per  square  inch  to  about  62.7  x  10G 
pounds  per  square  inch. 

3.  An  apparatus,  as  claimed  in  Claim  1  ,  wherein:  is 
said  composite  material  comprises  at  least 

one  of  carbon  fiber  and  graphite  fiber  having  a 
resin  thereon. 

10.  An  apparatus,  as  claimed  in  Claim  1,  wherein: 
said  drive  means  axially  advances  said 

ram  means  through  a  stroke  to  form  a  single 
said  container  body,  said  stroke  comprising 
advancing  said  ram  means  from  a  first  position 
to  a  second  position  and  thereafter  retracting 
said  ram  means  to  said  first  position,  said  drive 
means  advancing  said  ram  means  at  a  rate 
which  is  at  least  ten  percent  greater  than 
achievable  using  a  similarly  configured  all  car- 
bon  steel  ram. 

4.  An  apparatus,  as  claimed  in  Claim  1  ,  wherein:  20 
said  ram  means  has  a  weight  ranging  from 

about  20%  to  about  50%  of  a  similarly  config- 
ured  all  carbon  steel  ram. 

5.  An  apparatus,  as  claimed  in  Claim  1  ,  wherein:  25 
said  second  ram  portion  is  adhesively  at- 

tached  to  each  of  said  first  and  third  ram 
portions. 

6.  An  apparatus,  as  claimed  in  Claim  5,  wherein:  30 
an  interface  between  said  second  ram  por- 

tion  and  each  of  said  first  and  third  ram  por- 
tions  comprises  a  plurality  of  radially  spaced, 
substantially  annular,  planar  first  surfaces 
which  are  substantially  perpendicular  to  a  cen-  35 
tral  axis  of  said  ram  means,  said  first  surfaces 
which  are  radially  adjacent  being  intercon- 
nected  by  a  substantially  annular  second  sur- 
face  which  is  substantially  parallel  to  said  cen- 
tral  axis.  40 

7.  An  apparatus,  as  claimed  in  Claim  1,  wherein: 
said  first  and  third  ram  portions  are  integ- 

rally  connected  by  an  intermediate  ram  por- 
tion,  said  second  ram  portion  being  positioned  45 
about  and  secured  to  said  intermediate  ram 
portion. 

8.  An  apparatus,  as  claimed  in  Claim  1,  wherein: 
said  ram  means  is  substantially  horizon-  so 

tally  positioned. 

9.  An  apparatus,  as  claimed  in  Claim  1,  further 
comprising: 

means  for  forcing  a  medium  through  a  55 
longitudinal  conduit  portion  of  said  ram  means 
to  remove  said  container  body  from  said 
punch  means. 
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