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©  Method  and  apparatus  for  manufacturing  a  metal  element. 

©  A  method  for  the  manufacture  of  a  metal 
element  (2)  for  a  joint,  the  metal  element  (2) 
having  a  head  (3)  for  coupling  with  a  body  of  the 
joint  and  a  shank  (4)  integral  with  the  head  (3) 
and  having  a  blind  hole  (11)  for  positive  engage- 
ment  by  a  control  member  for  the  metal  element 
(2)  ;  the  method  including  the  steps  of  produc- 
ing  a  substantially  cylindrical  piece  (17)  of  met- 
al,  of  permanently  cold  deforming  a  first  end 
portion  (50)  of  the  piece  (17)  by  means  of  at 
least  one  first  forming  assembly  (23,  24,  25)  so 
as  to  form  the  head  (3)  and  of  cold  extruding  a 
second  end  portion  (80)  of  the  piece  (17)  so  as 
to  form  the  shank  (4)  and  the  blind  axial  hole 
(11)  by  means  of  at  least  one  second  forming 
assembly  (26,  27). 
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The  present  invention  relates  to  a  method  for  the 
manufacture  of  a  metal  element  for  a  joint,  in  partic- 
ular  for  a  ball  joint. 

The  present  invention  may  be  applied  to  advan- 
tage,  but  not  exclusively,  to  the  manufacture  of  a  met- 
al  element  of  the  type  intended  to  be  connected  to  one 
end  of  a  drive  rod  and  which  includes  a  head  with  a 
seat  for  receiving  a  portion  of  another  element  of  the 
ball  joint  and  a  shank  which  is  usually  cylindrical  and 
is  integral  with  the  head.  The  shank  generally  has  a 
blind  hole  which  extends  from  the  opposite  end  of  the 
shank  from  the  head  and  is  adapted  for  positive  en- 
gagement  by  the  end  portion  of  an  associated  drive 
rod. 

Normally,  the  joint  element  described  above  is 
manufactured  mechanically,  by  machine-shaving 
from  a  rod,  preferably  a  circular-section  rod.  How- 
ever,  this  method  of  manufacture  is  extremely  expen- 
sive,  a  fact  which  is  not  of  negligible  importance  in  the 
case  of  large  scale  production.  In  fact,  during  this  ma- 
chine-shaving,  a  considerable  quantity  of  material  is 
not  used  as  it  forms  the  shavings,  which  are  very  ex- 
pensive  to  recover.  Furthermore  the  manufacturing 
process  described  above  requires  the  use  of  a  consid- 
erable  number  of  machine  tools  assembled  in  work 
stations  which,  in  addition  to  being  relatively  expen- 
sive  in  themselves,  carry  not  inconsiderable  operat- 
ing  and  maintenance  costs  which  noticeably  increase 
the  unit  cost  of  the  manufactured  joint. 

Alternatively,  the  joint  element  described  above 
is  manufactured  by  a  series  of  operations  including  a 
first  working  process  constituted  by  permanent  hot 
deformation,  in  which  a  semifinished  product  is 
formed  from  a  piece  of  rod  and  has  a  geometry  sim- 
ilar  to  that  of  the  piece  to  be  manufactured,  and  a  sec- 
ond  operation  involving  the  removal  of  shavings. 

This  manufacturing  process  is  highly  unsatisfac- 
tory  as  it  places  a  ceiling  on  the  production  rate.  In 
fact,  the  manufacturing  process  described  above  re- 
quires  considerable  time  to  heat  the  pieces  of  rod  to 
the  working  temperature,  as  well  as  particular  techni- 
cal  arrangements  for  preserving  the  material's  initial 
characteristics  substantially  unaltered.  In  addition, 
the  various  operations  carried  out  on  the  piece  of  rod 
require  the  use  of  special  handling  equipment  as  the 
rod  is  at  different  temperatures  in  the  different  steps 
of  the  working  cycle. 

The  object  of  the  present  invention  is  to  provide 
a  method  for  the  manufacture  of  a  metal  element  for 
a  joint  which  overcomes  the  disadvantages  described 
above  simply  and  economically. 

The  present  invention  provides  a  method  for  the 
manufacture  of  a  metal  element  for  a  joint,  particular- 
ly  a  ball  joint,  this  metal  element  including  a  head  and 
a  shank  integral  with  the  head  and  defining  its  own 
axis,  the  shank  having  a  blind  hole  coaxial  with  this 
axis  for  positive  engagement  by  a  drive  member  for 
the  metal  element;  the  method  being  characterised  in 

that  it  includes  the  steps  of  producing  a  substantially 
cylindrical  piece  of  metal,  of  permanently  cold  de- 
forming  a  first  end  portion  of  the  piece  by  first  forming 
means  so  as  to  form  the  head,  and  of  cold  extruding 

5  a  second  end  portion  of  the  piece  so  as  to  form  the 
shank  and  the  axial  hole  by  second  forming  means. 

The  present  invention  also  relates  to  a  plant  for 
the  manufacture  of  a  metal  element  for  a  joint,  partic- 
ularly  for  a  ball  joint. 

10  The  present  invention  provides  a  plant  for  the 
manufacture  of  a  metal  element  for  a  joint,  particular- 
ly  a  ball  joint,  the  metal  element  including  a  head  and 
an  integral  shank  defining  its  own  first  axis,  the  shank 
having  a  blind  hole  coaxial  with  the  first  axis  and 

15  adapted  for  positive  engagement  by  a  drive  member 
for  the  metal  element;  the  plant  being  characterised 
in  that  it  includes  cutting  means  for  producing  a  sub- 
stantially  cylindrical  piece  of  metal,  first  forming 
means  for  the  permanent  cold  deformation  of  a  first 

20  end  portion  of  the  piece  so  as  to  form  the  head,  and 
second  forming  means  for  the  cold  extrusion  of  a  sec- 
ond  end  portion  of  the  piece  to  form  the  shankand  the 
axial  blind  hole. 

The  invention  will  now  be  described  with  refer- 
25  ence  to  the  appended  drawings  which  illustrate  one, 

non-limitative  embodiment,  and  in  which: 
Figure  1  is  a  sectioned  side  elevation  of  a  prefer- 
red  embodiment  of  the  plant  for  the  manufacture 
of  a  metal  element  fora  ball  joint  according  to  the 

30  present  invention; 
Figure  2  shows  the  metal  element  at  successive 
stages  of  its  forming;  and 
Figures  3  to  7  show  various  details  of  Figure  1  in 
section  and  on  an  enlarged  scale. 

35  In  Figure  1  ,  a  plant  is  generally  indicated  1  for  the 
manufacture  of  a  metal  element  2  (Figure  2e)  de- 
signed  to  form  part  of  a  ball  joint  (not  shown)  and  to 
be  coupled  to  a  drive  member,  preferably  a  motor- 
driven  rod  (not  shown). 

40  As  illustrated  particularly  in  Figure  2e,  the  ele- 
ment  2  includes  a  head  3  and  a  cylindrical  shank  4  in- 
tegral  with  the  head  3  and  defining  its  own  axis  5.  The 
head  3  has  two  flat  side  faces  6,  parallel  to  each  other 
and  to  the  axis  5  and  spaced  by  a  distance  substan- 

45  tially  equal  to  the  d  iameter  of  the  shank  4,  and  two  fur- 
ther  convex  side  faces  7  which  are  symmetrical  about 
a  plane  perpendicular  to  the  faces  6  and  containing 
the  axis  5.  The  head  3  has  a  central  seat  10  which  is 
preferably  cylindrical  and  is  defined  by  two  portions 

so  8  and  9,  of  which  the  portion  8  is  substantially  a  por- 
tion  of  a  spherical  cap  with  a  cross-section  transverse 
the  axis  5  which  is  substantially  rectangular.  The  por- 
tion  9,  on  the  other  hand,  is  substantially  frustoconi- 
cal  with  its  larger  base,  also  substantially  rectangular, 

55  coincident  with  a  base  of  the  portion  8. 
The  shank  4  extends  from  the  smaller  base  of  the 

portion  9  and  has  a  blind  hole  11  which  extends  co- 
axially  of  the  axis  5  from  the  end  of  the  shank  opposite 
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the  head  3  and  is  threaded  to  enable  the  element  2 
to  be  engaged,  in  use,  with  a  threaded  end  of  a  drive 
rod  (not  shown).  The  shank  4  also  has  a  circumferen- 
tial  rib  or  flange  12  around  a  free  end  portion  of  the 
shank  itself.  5 

As  seen  in  Figure  1  ,  the  plant  1  includes  a  support 
frame  13  which  in  turn  includes  a  fixed,  flat  bottom 
plate  14,  which  forms  a  base  for  the  plant  1  itself,  and 
a  movable  upper  plate  15  which  is  parallel  to  and 
spaced  from  the  plate  14  and  defines  with  the  latter  10 
a  space  16  of  varying  size  which  houses  a  plurality  of 
presses  for  manufacturing  the  element  2.  In  particu- 
lar,  the  element  2  is  formed  from  a  cylindrical  piece  1  7 
of  ferrous  material,  preferably  lead-bearing  steel  or, 
alternatively,  manganese-silicon  steel,  cut  from  a  15 
reel  of  rod  (not  shown)  by  means  of  a  known  cutting 
assembly,  illustrated  schematically,  which  is  ar- 
ranged  in  a  cutting  station  19  and  controlled  by  a 
known  control  unit  19a. 

Still  with  reference  to  Figure  1,  the  plant  1  in-  20 
eludes,  in  addition  to  the  cutting  station  1  9,  three  cold 
press  assemblies  20,  21  and  22  arranged  in  the  space 
16  alongside  each  other  and  adjacent  the  station  19 
and  comprising  respective  forming  stations  23,  24 
and  25  for  forming  the  head  under  the  control  of  the  25 
control  unit  19a. 

The  plant  1  also  includes  two  further  cold  press 
assemblies  26  and  27  which  are  also  housed  along- 
side  each  other  in  the  space  16  and  are  controlled  by 
the  control  unit  19a  and  comprise,  respectively,  an  30 
extrusion  station  28  at  which  the  hole  11  is  formed 
and  an  upsetting  station  29  at  which  the  flange  12  is 
formed. 

With  reference  to  Figures  1  and  3,  the  assembly 
20  includes  a  press  30  which  in  turn  includes  an  upper  35 
die  31  and  a  lower  die  32  which  are  aligned  on  a  vert- 
ical  axis  33,  the  lower  die  32  being  a  button  die  cou- 
pled  to  a  support  body  34  (Figure  3)  and  securely 
fixed  to  the  lower  plate  14,  and  the  upper  die  31  being 
a  movable  punch.  When  closed,  the  dies  31  and  32  40 
define  a  cavity  35  which  communicates  with  the  ex- 
terior  through  two  cylindrical  ducts  36  and  37  formed, 
respectively,  in  the  die  31  and  the  die  32  in  positions 
coaxial  with  the  axis  33  and  each  having  a  diameter 
slightly  greater  than  that  of  the  piece  17.  The  cavity  45 
35  is  defined  by  two  flat  side  faces  38,  parallel  to  each 
other  and  to  the  axis  33  and  spaced  by  a  distance  sub- 
stantially  equal  to  the  diameter  of  the  ducts  36  and  37. 
The  cavity  35  is  further  defined  by  two  convex  side 
faces  39  which  are  symmetrical  about  a  plane  perpen-  50 
dicular  to  the  faces  38  and  containing  the  axis  33. 

The  upper  die  31  is  carried  by  a  tubular  support 
body  40  which  is  slidable  axially  in  a  tubular  guide 
body  41  which  is  securely  fixed  to  the  plate  15  which 
is  movable  towards  and  away  from  the  plate  14  along  55 
a  line  A  parallel  to  the  axis  33  so  as  to  move  the  upper 
die  31  towards  and  away  from  the  lower  die  32  under 
the  action  of  a  known  actuator  42,  preferably  a  mech- 

anical  actuator,  controlled  by  the  control  unit  1  9a.  The 
support  body  40  houses  a  compression  spring  43  in- 
terposed  between  the  body  40  itself  and  the  body  41, 
and  houses  a  cylindrical  body  44  which  is  movable 
along  the  axis  33  underthe  action  of  a  mechanical  ac- 
tuator  45  and  carries  a  cylindrical  punch  46  securely 
fixed  thereto.  This  latter  has  a  diameter  slightly  small- 
er  than  that  of  the  duct  36  and  is  slidable  axially  in  the 
duct  36  itself  and  in  holes  formed  in  the  plate  15  and 
the  body  41  . 

Finally,  the  assembly  20  includes  a  piercing 
punch  47  which  extends  coaxially  of  the  axis  33  and 
is  slidable  in  the  duct  37  and  holes  formed  in  the  plate 
14  and  the  body  34.  The  pointed  punch  47  ends  in  a 
pointed  tip  48  coaxial  with  the  axis  33  and  is  movable 
along  this  axis  33  relative  to  the  lower  die  32  between 
a  withdrawn  position  (Figures  1  and  3)  and  an  extend- 
ed  position,  not  shown,  under  the  action  of  a  mech- 
anical  actuator  49. 

The  press  30  enables  a  first  end  portion  50  (Fig- 
ure  1)  of  the  piece  17  to  be  permanently  cold  formed, 
thus  providing  a  semifinished  piece  17a,  shown  in 
Figure  2a,  which  includes  an  elongate  head  51  and  a 
cylindrical  shank  52  with  a  diameter  substantially 
equal  to  the  diameter  of  the  piece  17  and  having  a  ta- 
pered  centring  hole  48a  formed  by  the  tip  48.  The 
head  51  includes  a  first  portion  53  and  a  second  por- 
tion  54,  each  being  shaped  substantially  like  a  trun- 
cated  pyramid  with  a  substantially  rectangular  base 
(Figure  2a).  The  larger  bases  of  the  portions  53  and 
54  coincide  and  the  smaller  base  of  the  portion  54  is 
connected  to  the  shank  52.  The  head  51  has  two  par- 
allel  flat  side  faces  55  spaced  by  a  distance  substan- 
tially  equal  to  the  diameter  of  the  shank  52  and  two 
convex  side  faces  56  which  are  symmetrical  about  a 
plane  perpendicular  to  the  faces  55  and  containing 
the  axis  of  the  shank  52. 

Still  with  reference  to  Figure  1  and,  in  particular, 
to  Figure  4,  the  assembly  21  enables  the  head  51  to 
be  worked  further  and  differs  from  the  assembly  20 
only  in  a  few  structural  details.  In  the  following  de- 
scription,  the  component  parts  of  the  assembly  21  are 
indicated,  where  possible,  by  the  same  reference 
numbers  as  those  used  for  the  corresponding  parts 
of  the  assembly  20. 

As  best  shown  in  Figure  4,  the  assembly  21  dif- 
fers  from  the  assembly  20  in  that  it  includes  an  upper 
die  57  and  a  lower  die  58  aligned  on  an  axis  59  parallel 
to  the  axis  33  and  differing  from  the  dies  31  and  32 
in  that  they  define  a  cavity  60  which  differs,  in  turn, 
from  the  cavity  35  only  in  that  it  is  defined,  as  well  as 
by  the  side  faces  38,  by  two  side  faces  61  each  of 
which  is  more  curved  than  the  faces  39. 

Still  with  reference  to  Figures  1  and  4,  the  assem- 
bly  21  also  differs  from  the  assembly  20  in  that  the 
upper  die  57  is  carried  by  an  associated  tubular  sup- 
port  body  62  which  is  securely  fixed  to  the  plate  15 
and  houses  two  bodies  63  aligned  along  the  axis  59 
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with  a  compression  spring  64  acting  between  them. 
As  to  the  die  58,  this  is  carried  by  a  body  65  which 

is  coupled  to  its  guide  body  34  for  sliding  along  the 
axis  59  with  the  interposition  of  a  pair  of  springs  66. 

The  semifinished  piece  1  7a  is  transformed  in  the  5 
assembly  21  into  a  semifinished  piece  17b,  shown  in 
Figure  2b,  which  differs  from  the  semifinished  piece 
1  7a  in  that  its  head  has  respective  faces  68  which  are 
substantially  more  curved  than  the  faces  56  of  the 
semifinished  piece  17a.  The  semifinished  piece  17b  10 
also  has  a  shank  52a  which  is  shorter  than  the  shank 
52. 

Still  with  reference  to  Figure  1  and,  in  particular, 
to  Figure  5,  the  assembly  22  is  similar  to  the  assembly 
21  and  its  constituent  parts  are  indicated,  where  pos-  15 
sible,  by  the  same  reference  numbers  as  the  corre- 
sponding  parts  of  the  assembly  21.  In  particular,  the 
assembly  22  differs  from  the  assembly  21  in  that  it  in- 
cludes  an  upper  die  69  and  a  lower  die  70  which  are 
aligned  on  an  axis  71  parallel  to  the  axis  33  and  which  20 
form  a  cavity  72  which  differs  from  the  cavity  60  only 
in  that  it  is  defined,  as  well  as  by  the  side  faces  38, 
by  two  concave  side  faces  73  which  are  substantially 
symmetrical  about  a  plane  perpendicular  to  the  faces 
38  and  containing  the  axis  71  and  each  of  which  is  25 
more  curved  than  the  faces  61  and  includes  a  sphe- 
rical  portion. 

In  the  assembly  22  it  is  possible  to  work  the  head 
67  of  the  semifinished  piece  17b  further  so  as  to  ob- 
tain  a  semifinished  piece  17c,  shown  in  Figure  2c,  30 
which  differs  from  the  semifinished  piece  17b  in  that 
it  has  a  head  74  of  substantially  the  same  shape  and 
dimensions  as  the  head  3  of  the  element  2  and  a 
shank  68'  substantially  the  same  as  the  shank  52a. 

Still  with  reference  to  Figure  1  and,  in  particular,  35 
to  Figure  6,  the  assembly  26  is  substantially  the  same 
as  the  assembly  22  and  its  constituent  parts  are  in- 
dicated  by  the  same  reference  numbers  as  the  corre- 
sponding  parts  of  the  assembly  22.  The  assembly  26 
is  an  upsetting  extrusion  assembly  which  enables  the  40 
hole  11  to  be  formed  in  a  second  end  portion  80  of  the 
piece  17,  opposite  the  first  portion  50  (see  Figure  1) 
and  forming  part  of  the  shank  4,  and  includes  an  up- 
per  die  75  and  a  lower  die  76  which  are  aligned  on  an 
axis  77  parallel  to  the  axis  33  and  are  substantially  the  45 
same  as  the  dies  69  and  70.  The  assembly  26  differs 
from  the  assembly  22  in  that  the  lower  die  76  is  cou- 
pled  to  the  plate  14  so  as  to  be  slidable  along  the  axis 
77  with  the  interposition  of  a  pair  of  springs  78  and  the 
pointed  punch  47  associated  with  the  dies  32,  58  and  50 
70  is  replaced  by  a  pointed  punch  79  which  has  a  di- 
ameter  substantially  equal  to  the  diameter  of  the  hole 
11  and  extends  through  a  bush  79a,  an  upper  portion 
of  which  partly  engages  the  duct  37  and  a  lower,  end 
portion  of  which  bears  on  a  shoulder  carried  by  the  55 
plate  14. 

With  the  extrusion  assembly  26  it  is  possible  to 
work  only  the  portion  80,  thereby  obtaining  a  further 

semifinished  piece  17d,  shown  in  Figure  2d,  which 
has  a  bored  shank  81a  longer  than  the  shank  4. 

The  rib  or  flange  1  2  of  the  element  2  on  the  shank 
4  may  be  formed  by  the  assembly  27,  shown  in  Figure 
7,  which  differs  from  the  assembly  26  only  in  a  few 
structural  details  and  includes,  in  particular,  an  upper 
die  81,  substantially  the  same  as  the  die  75,  and  a 
lower  die  82,  aligned  on  an  axis  82a  parallel  to  the  axis 
77.  The  die  82  comprises  two  portions  83  and  84,  the 
portion  83  being  a  button  die  with  a  cavity  85  shaped 
to  complement  the  flange  12,  and  the  portion  84  be- 
ing  an  annular  body  interposed  between  the  die  83 
and  the  upper  die  81  so  as  partly  to  close  the  cavity 
85.  In  particular,  the  annular  body  defining  the  portion 
84  is  divided  into  three  sectors  86  which  are  intercon- 
nected  in  known  manner  and  include  respective  ref- 
erence  and  guide  appendages  each  of  which  engag- 
es  a  respective  guide  88  for  axial  sliding  movement. 
The  guides  88  are  formed  in  a  body  88a  coupled  to 
the  respective  body  34  so  as  to  be  slidable  axially  and 
to  the  plate  14  with  the  interposition  of  a  pair  of 
springs  89.  The  pointed  punch  79  associated  with  the 
assembly  27  extends  through  the  portion  83  of  the  die 
82  and  through  the  associated  bush  79a  and  is  loaded 
by  a  spring  93  interposed  between  a  shoulder  of  the 
punch  79  and  a  flat  wall  of  a  drive  cylinder  controlled 
by  the  actuator  49. 

Still  with  reference  to  Figure  1,  the  plantf  inally  in- 
cludes  a  known  handling  device  90  forsimultaneously 
transferring  the  semifinished  pieces  17a,  17b,  17c 
and  17d  from  one  machining  station  to  the  next.  In 
particular,  the  device  90  includes,  for  each  assembly 
20,  21  ,  22,  26  &  27,  a  pair  of  jaws  91  which  can  couple 
positively  with  the  portion  80  of  a  semifinished  piece 
and  a  known  unit,  not  shown,  for  controlling  the  jaws 
91. 

The  operation  of  the  plant  1  will  now  be  described 
with  reference  to  only  one  piece  1  7,  starting  from  the 
condition  in  which  the  plate  15  is  in  its  raised  position 
so  that  the  dies  in  each  assembly  20,  21,  22,  26  and 
27  are  arranged  in  their  open  positions,  the  pointed 
punches  47  of  the  assemblies  20,  21  and  22  and  the 
bushes  79a  are  arranged  in  advanced,  reference  pos- 
itions  in  which  they  each  engage  a  respective  duct, 
and  in  which  the  pointed  punch  79  of  the  assembly  26 
is  withdrawn  into  a  position  disengaged  from  its  lower 
die  76,  the  pointed  punch  79  of  the  assembly  27  is  ex- 
tended  into  an  advanced  position  under  the  action  of 
the  spring  93,  the  punches  46  of  the  assemblies  20 
and  21  each  extend  through  a  respective  duct  36  and 
the  jaws  91  are  arranged  in  their  open  positions. 

Starting  from  this  condition,  the  metal  rod  wound 
on  the  reel  (not  shown)  is  cut  by  the  cutting  assembly 
1  8  to  form  the  piece  1  7  which  is  then  placed  in  the  die 
32  against  the  pointed  punch  47.  The  actuator  42  is 
then  actuated  to  move  the  plate  15  towards  the  plate 
14.  During  the  advancing  of  the  plate  15,  the  die  31 
is  positioned  against  the  surface  of  the  die  23  to  de- 

5 
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fine  the  cavity  35  and  moves  backwards  relative  to 
the  plate  15  against  the  action  of  the  spring  43.  Also 
during  the  advance  of  the  plate  15,  the  portion  50  of 
the  piece  17  is  deformed  progressively  between  the 
punch  46  which  bears  against  the  plate  15  and  the 
pointed  punch  47,  and  the  pointed  tip  48  punches  into 
the  end  face  of  the  portion  80  of  the  piece  17.  At  the 
end  of  this  operation,  which  forms  the  semifinished 
piece  17a,  the  actuator  42  is  reactivated  and  moves 
the  plate  15  in  the  opposite  direction  from  the  previ- 
ous  one,  separating  the  dies  31  and  32  again,  while 
the  actuator  49  is  activated  to  force  the  semifinished 
piece  17a  out  of  the  duct  37  by  means  of  the  pointed 
punch  47.  At  this  point,  the  device  90  is  activated  and 
the  appropriate  pair  of  jaws  91  lifts  the  semifinished 
product  1  7a  and  moves  it  onto  the  axis  59  of  the  dies 
57  and  58.  The  actuator  42  is  then  activated  again 
and  moves  the  plate  15  and  the  punch  46,  which  ini- 
tially  projected,  back  again,  this  latter  causing  the 
face  38  to  be  inserted  into  the  die  57  under  the  action 
of  the  spring  64.  At  the  same  time,  the  plate  15  moves 
the  die  57  against  the  die  58  which  is  supported  by  the 
spring  66,  so  as  to  define  the  cavity  60  in  which  the 
semifinished  piece  17a  is  further  deformed  by  the 
punch  47  to  give  the  semifinished  piece  17b.  The 
semifinished  piece  1  7b  is  then  removed  from  the  dies 
57  and  58,  by  the  same  steps  as  those  described  for 
the  dies  31  and  32,  and  is  moved  onto  the  axis  71  be- 
tween  the  two  dies  69  and  70  after  which,  again  in  the 
way  described  earlier,  the  die  69  is  moved  towards 
the  die  70  and  the  semifinished  piece  17b  is  de- 
formed  so  as  to  form  the  further  semifinished  piece 
17c. 

At  the  end  of  this  operation,  the  die  69  is  moved 
away  from  the  die  70  and  the  semifinished  piece  17c 
is  removed  and  transferred  to  the  subsequent  assem- 
bly  26  by  means  of  the  steps  described  above  after 
which  the  semifinished  piece  17c  is  held  between  the 
dies  75  and  76  and,  as  a  result  of  a  new  advance  of 
the  plate  15,  the  fixed  pointed  punch  79  penetrates 
the  shank  68'  of  the  semifinished  piece  17c,  forming 
the  hole  11  by  extrusion  and  thereby  lengthening  the 
shank  68'  and  forming  the  semifinished  piece  17d. 

At  this  point,  the  semifinished  piece  17d  is  trans- 
ferred  to  the  assembly  27  and  arranged  coaxially  of 
the  axis  82a  and  then,  following  the  advance  of  the 
plate  1  5,  the  sprung  punch  46  pushes  the  semifinish- 
ed  piece  17d  towards  the  plate  14  until  the  pointed 
punch  79  has  completely  engaged  the  hole  formed  in 
the  shank  81a  and  is  thus  able  to  support  this  semi- 
finished  piece  17d.  As  a  result  of  a  further  advance 
of  the  plate  15,  the  die  81  pushes  the  three  sectors 
86,  which  tighten  radially  around  the  shank  81a  of  the 
semifinished  piece  17d  and,  at  the  same  time,  ad- 
vances  both  the  body  88a  supported  by  the  springs 
89  and  the  semifinished  piece  17d,  the  free  end  of 
which  is  first  positioned  against  an  end  wall  of  the  cav- 
ity  85  and  is  then  progressively  deformed  into  this 

cavity  85  so  as  to  form  the  flange  1  2. 
At  the  end  of  this  operation,  the  dies  81  and  82 

are  moved  apart  once  again  and  the  finished  element 
2  is  removed  from  the  die  82,  after  which  the  seat  10 

5  is  formed  by  machine-shaving. 
Under  normal  operating  conditions,  at  each  with- 

drawal  of  the  plate  15  the  jaws  91  move  one  semifin- 
ished  piece  from  one  assembly  to  the  next  and  hence 
one  element  2  is  obtained  after  each  withdrawal  of 

10  this  plate. 
In  a  variant  which  is  not  illustrated,  the  plate  15 

is  replaced  by  a  fixed  plate  and  the  dies  31,  57,  69, 
75  and  81  are  moved  by  a  plurality  of  independent  ac- 
tuators  controlled  by  the  control  unit  19a  and  con- 

15  nected  to  the  fixed  plate. 
It  is  clear  from  the  above  that  the  method  descri- 

bed  not  only  significantly  reduces  the  production 
costs  of  the  elements  2  as  it  eliminates  any  waste  of 
material  during  manufacture  but,  at  the  same  time,  it 

20  increases  the  rate  of  production  of  the  elements  2. 
As  to  the  plant  1  ,  on  the  other  hand,  this  is  of  rel- 

atively  simple  construction  and  is  extremely  reliable 
in  operation.  In  particular,  it  does  not  require  compli- 
cated  setting  or  maintenance  operations  while  having 

25  the  characteristic  of  being  extremely  compact  and 
thus  requiring  relatively  little  space. 

Finally,  it  is  clear  that  alterations  and  variations 
may  be  made  both  to  the  method  and  to  the  plant  1 
described  without  departing  from  the  protective 

30  scope  of  the  present  invention.  In  particular,  the  head 
3  of  the  element  2  may  be  manufactured  in  only  two 
forming  operations  or  even,  if  materials  are  used 
which  are  relatively  easily  cold-formed,  in  a  single  op- 
eration  in  which  the  piece  17  is  formed  straight  into 

35  the  final  shape  of  the  head  3.  In  the  same  way,  the 
piercing  of  the  piece  17  to  form  the  hole  11,  and  the 
formation  of  the  rib  or  flange  12  may  be  carried  out  in 
a  single  operation. 

40 
Claims 

1.  A  method  for  the  manufacture  of  a  metal  element 
(2)  for  a  joint,  in  particular  a  ball  joint,  the  metal 

45  element  (2)  comprising  a  head  (3)  and  a  shank  (4) 
integral  with  the  head  (3)  and  defining  its  own 
axis  (5),  the  shank  (4)  having  a  blind  hole  (11)  co- 
axial  with  this  axis  (5)  for  positive  engagement  by 
a  drive  member  for  the  metal  element  (2);  the 

so  method  being  characterised  in  that  it  includes  the 
steps  of  producing  a  substantially  cylindrical 
piece  (17)  of  metal,  of  permanently  cold  deform- 
ing  a  first  end  portion  (50)  of  the  piece  (17)  by  first 
forming  means  (20,  21  ,  22)  so  as  to  form  the  head 

55  (3),  and  of  cold  extruding  a  second  end  portion 
(80)  of  the  piece  (1  7)  so  as  to  form  the  shank  (4) 
and  the  axial  hole  (11)  by  second  forming  means 
(26). 

6 
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2.  A  method  according  to  Claim  1,  characterised  in 
that  the  step  of  cold  forming  the  first  end  portion 
(50)  of  the  piece  (17)  includes  at  least  a  first  op- 
eration  in  which  the  first  end  portion  (50)  is  de- 
formed  so  as  to  obtain  a  first  intermediate  portion 
(6)  of  substantially  frustoconical  shape  with  a 
substantially  rectangular  base  and  a  second  por- 
tion  (8)  shaped  substantially  like  a  portion  of  a 
spherical  cap,  the  first  portion  (6)  and  the  second 
portion  (8)  having  respective  larger  bases  which 
are  coincident  and  having  a  first  pair  of  parallel 
flat  side  faces  (6)  and  a  second  pair  of  convexly 
curved  side  faces  (9). 

3.  A  method  according  to  Claim  2,  characterised  in 
that  the  step  of  cold  deforming  the  first  end  por- 
tion  (50)  of  the  piece  (17)  also  includes  a  second 
forming  operation,  anteceding  the  said  first  form- 
ing  operation,  in  which  the  first  end  portion  (50) 
of  the  piece  (17)  is  deformed  so  as  to  obtain  a 
third  portion  (53)  and  a  fourth  portion  (54)  of  sub- 
stantially  frustoconical  shape  with  a  pair  of  flat 
parallel  side  faces  (55)  and  a  further  pair  of  con- 
vex  side  faces  (68),  each  having  a  different  cur- 
vature  from  that  of  the  said  second  convexly 
curved  faces  (9). 

4.  A  method  according  to  Claim  3,  characterised  in 
that  the  step  of  cold  deforming  the  first  end  por- 
tion  (50)  of  the  piece  (17)  further  includes  a  third 
forming  operation,  anteceding  the  said  second 
forming  operation,  in  which  the  further  faces  (68) 
again  have  a  different  curvature  from  that  im- 
posed  by  the  second  forming  operation. 

5.  A  method  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  it  includes  a  punch- 
ing  step,  the  punching  being  carried  out  on  a  free 
end  surface  of  the  second  end  portion  (80)  before 
the  cold  extrusion  step. 

6.  A  method  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  it  includes  a  step  of 
upsetting  the  second  end  portion  (80);  this  upset- 
ting  step  being  carried  outafterthe  cold  extrusion 
step. 

7.  A  method  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  a  seat  (1  0)  is  formed 
in  the  formed  head  (3);  this  seat  (10)  being 
formed  by  machine-shaving  and  being  adapted 
for  positive  engagement  by  the  body  of  the  joint. 

8.  A  plant  (1)  for  the  manufacture  of  a  metal  element 
(2)  for  a  joint,  in  particular  for  a  ball  joint,  this  met- 
al  element  (2)  including  a  head  (3)  and  a  shank 
(4)  integral  with  the  head  (3)  and  defining  its  own 
first  axis  (5),  the  shank  (4)  having  a  blind  hole  (11) 

coaxial  with  the  first  axis  (5)  and  adapted  for  pos- 
itive  engagement  by  a  drive  member  forthe  metal 
element  (2);  the  plant  (1)  being  characterised  in 
that  it  includes  cutting  means  (18)  for  cutting  off 

5  a  substantially  cylindrical  piece  (17)  of  metal,  first 
forming  means  (20,  21,  22)  for  cold  deforming  a 
first  end  portion  (50)  of  the  piece  (17)  so  as  to 
form  the  head  (3)  and  second  forming  means  (26) 
for  cold  extruding  a  second  end  portion  (80)  of 

10  the  piece  (1  7)  so  as  to  form  the  shank  (4)  and  the 
axial  blind  hole  (11). 

9.  A  plant  according  to  Claim  8,  characterised  in  that 
the  first  forming  means  include  at  least  one  first 

15  forming  assembly  (22)  and  the  second  forming 
means  include  at  least  one  second  forming  as- 
sembly  (26),  first  handling  means  (90)  being  pro- 
vided  for  moving  the  piece  (1  7)  between  the  form- 
ing  assemblies  (22)  (26;27). 

20 
10.  A  plant  according  to  Claim  9,  characterised  in  that 

the  first  forming  assembly  (22)  includes  a  first  die 
(69)  and  a  second  die  (70)  aligned  with  a  second 
axis  (71),  and  second  drive  means  (15,  42)  for 

25  moving  the  dies  (69,  70)  relative  to  each  other; 
the  dies  (69,  70)  forming  between  them  a  first 
cavity  (72)  defined  by  a  first  pair  of  flat  faces  (38) 
parallel  to  each  other  and  to  the  second  axis  (71) 
and  a  second  pair  of  concave  faces  (73),  and  in- 

30  eluding  at  least  one  second  cavity  (36,  37)  com- 
municating  with  the  first  cavity  (72). 

11.  A  plant  according  to  Claim  10,  characterised  in 
that  the  second  curved  faces  are  substantially 

35  symmetrical  about  a  plane  perpendicular  to  the 
first  faces  (38)  and  parallel  to  the  second  axis 
(71  )  and  in  that  the  second  cavity  (36,  37)  is  a  cyl- 
indrical  cavity  coaxial  with  the  second  axis  (71). 

40  12.  A  plant  according  to  Claim  10  or  Claim  11,  char- 
acterised  in  that  the  first  forming  means  (20,  21, 
22)  also  include  a  third  forming  assembly  (21); 
the  third  forming  assembly  (21)  including  further 
dies  (57,  58)  which  form  a  third  cavity  (60)  de- 

45  fined  by  a  pair  of  parallel  flat  faces  (38)  and  by 
third  concave  faces  (61  )  which  have  different  cur- 
vatures  from  the  second  curved  faces  (73). 

13.  A  plant  according  to  Claim  12,  characterised  in 
so  that  the  first  forming  means  (20,  21,  22)  further 

include  a  fourth  forming  assembly  (20);  this 
fourth  forming  assembly  (20)  including  further 
dies  (31,  32)  which  form  a  fourth  cavity  (35)  de- 
fined  by  a  pair  of  parallel  flat  faces  (38)  and  by 

55  fourth  concave  faces  (39)  which  have  different 
curvatures  from  the  third  curved  faces  (61). 

14.  A  plant  according  to  Claim  13,  characterised  in 

7 
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that  it  includes  extractor  means  (47)  associated 
with  the  dies  (31  ,  32)  (57,  58)  for  extracting  the 
piece  (17)  deformed  by  the  dies  (31,  32)  (57,  58) 
themselves. 

5 
15.  A  plant  according  to  any  one  of  the  preceding 

Claims  8  to  14,  characterised  in  that  it  includes 
punch  means  (48)  associated  with  any  one  of  the 
first  forming  means  (20,  21,  22)  and  the  second 
forming  means  (26,  27)  for  punching  the  second  10 
end  portion  (80)  of  the  piece  (17). 

16.  A  plant  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  it  further  includes 
an  upsetting  assembly  (27)  for  permanently  cold  15 
deforming  an  end  portion  of  the  shank  (4). 

17.  A  plant  according  to  any  one  of  the  preceding 
Claims,  characterised  in  that  the  first  forming 
means  (20,  21,  22)  and  the  second  forming  20 
means  (26)  are  supported  on  a  common  base 
alongside  each  other. 

25 
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