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Description 

This  invention  relates  to  a  device  and  a  method 
for  ultrasonically  welding  workpieces  according  to 
the  preamble  portions  of  claims  1  and  7,  respec- 
tively. 

A  device  and  a  method  of  this  general  type  are 
known  from  EP-A-0  196  584.  In  the  known  device 
the  anvil  or  counter-electrode  is  attached  to  the 
support  by  surfaces  having  corresponding  eleva- 
tions  and  depressions.  Thus,  although  the  anvil  can 
be  adjusted  laterally  to  a  limited  extent,  the  said 
complementary  surfaces  prevent  a  sliding  motion 
of  the  anvil  relative  to  the  support  in  a  direction 
parallel  to  the  first  work  surface  of  the  welding  tip, 
and  thus  prevent  infinitesimal  adjustment  of  the 
anvil. 

Wires  may  be  ultrasonically  welded  to  one 
another  by  placing  the  ends  of  the  wires  7  firmly 
overlapping  each  other  in  a  closed  channel  1 
formed  between  an  ultrasonic  welding  tip  3  and  a 
stationary  support  anvil  5  (as  shown,  e.g.,  in  Figure 
1)  and  applying  ultrasonic  energy  to  the  tip.  The 
energy  should  be  applied  so  that  the  tip  vibrates 
parallel  to  the  longitudinal  axis  of  the  wires  to  be 
welded,  to  intermolecularly  bond  the  wire  ends. 

In  order  to  assure  that  the  vibrational  energy  is 
efficiently  transmitted  to  the  wires  or  workpiece, 
both  the  tip  and  the  anvil  have  a  serrated  worksur- 
face  9  for  holding  the  wires  or  workpiece  firmly  in 
place. 

Methods  of  generation  of  ultrasonic  vibration 
are  well  known  in  the  prior  art  (e.g.,  US-A-docu- 
ments  3,053,124;  3,328,610;  3,444,612;  and 
3,602,421).  A  typical  frequency  of  vibration  may  be 
twenty  thousand  cycles  per  second. 

In  order  to  prevent  spreading  or  splaying  of  the 
wire  or  workpiece  during  the  welding  process,  the 
wire  or  workpiece  should  be  tightly  confined  within 
a  compression  chamber.  Further,  any  change  in 
the  number  or  size  of  these  wires  or  workpieces 
requires  adjustment  of  the  cross-sectional  area  of 
this  chamber.  It  is  desirable  that  this  adjustment  be 
done  without  the  replacement  of  apparatus.  Addi- 
tionally,  it  is  desirable  that  multiple  available  work- 
surfaces  be  provided  in  order  to  quickly  replace 
any  exhausted  worksurfaces.  This  should  be  ac- 
complished  with  easily  machineable  simply-shaped 
apparatus. 

Along  these  lines,  the  device  as  shown  in  Fig- 
ure  1  has  a  number  of  disadvantages.  First,  the 
wires  to  be  welded  are  held  in  a  channel  formed  by 
the  intersection  of  a  notch  4  on  the  tip  3  and  a 
notch  2  on  the  anvil  5.  As  the  size  of  the  mating 
notches  2,4  is  not  adjustable  and  the  tolerance 
between  the  tip  3  and  the  anvil  5  along  with  the 
firmness  of  the  serrated  worksurface  9  on  the  work- 
piece  or  wires  7  is  critical  in  order  to  prevent  the 

wire  end  from  extruding  or  splaying  while  in  a 
plastic  state  during  the  welding  process,  a  given  tip 
is  generally  applicable  to  the  welding  of  only  one 
size  of  wire,  or  a  limited  number  of  ends  thereof.  A 

5  machine  shop  having  occasion  to  weld  various 
sizes  of  wires  would  have  to  obtain  ultrasonic  weld- 
ing  tips  of  corresponding  notch  sizes. 

Secondly,  the  tip  and  the  anvil  have  intricate 
shapes  and  the  notches  therein  must  be  manufac- 

io  tured  within  close  tolerances,  thereby  adding  to 
manufacturing  costs. 

Lastly,  the  welding  tip  3,  as  shown  in  Figure  1  , 
presents  only  two  possible  work  surfaces  9.  After 
the  first  worksurface  9  is  exhausted,  in  that  the 

75  gripping  serrations  and  dimensional  tolerances  be- 
come  worn  after  repeated  use,  the  tip  is  rotated 
180°  to  present  a  second  serrated,  gripping  work- 
surface.  After  this  second  worksurface  is  exhaust- 
ed,  the  tip  is  discarded. 

20  As  previously  described,  the  manufacturing 
costs  of  this  tip  are  high  and  a  supply  of  tips  with 
varying  sizes  of  notches  must  be  kept  by  the  well- 
supplied  machine  shop;  therefore,  the  frequent  dis- 
carding  of  these  tips  may  present  both  a  financial 

25  and  a  procurement  concern. 
The  device  for  connecting  electric  conductors 

set  forth  in  US-A-4,646,957  is  relevant  to  the 
present  invention.  In  general,  this  patent  sets  forth 
"an  ultrasonic  welding  apparatus  for  electrical  con- 

30  ductors  comprising  strands  of  wire  comprising  a 
sonotrode  for  generating  ultrasonic  vibrations  and  a 
cooperating  anvil  having  movable  side  walls  to 
compress  the  wire  strands  against  the  head  of  the 
sonotrode.  The  anvil  has  two  moving  parts,  one 

35  moving  back  and  forth  parallel  to  the  fixed 
sonotrode  face,  and  the  other  moving  up  and  down 
normal  to  the  fixed  face.  The  moving  parts  carry 
the  side  walls  of  the  anvil  and  with  the  fixed  face 
provide  an  adjustable  space  for  wires  of  various 

40  sizes,  the  space  having  a  rectangular  cross  section. 
The  gap  between  the  moving  anvil  parts  and  the 
adjacent  fixed  face  of  the  sonotrode  are  accurately 
controlled." 

The  present  invention  can  be  distinguished 
45  from  this  prior  art  for  a  number  of  reasons  includ- 

ing  that  the  horn  tip  of  the  subject  invention  moves 
while  the  anvil  remains  in  a  fixed  position.  By 
contrast,  in  the  known  devise  the  sonotrode  is  fixed 
and  the  anvil  moves.  This  is  a  significant  distinction 

50  because  a  movable  anvil  can  vibrate  compliantly 
with  the  ultrasonic  horn.  In  that  case,  the  welding 
action  is  less  effective.  However,  when  the  anvil  is 
locked  in  position,  as  in  the  present  invention,  only 
the  horn  vibrates  and  a  uniform,  effective  weld  can 

55  be  produced  during  each  cycle  of  operation. 
Proceeding  on  the  basis  of  the  state  of  art  the 

inventive  device  of  the  general  type  indicated 
above  comprises  the  features  of  claim  1  . 
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Further,  the  inventive  method  is  characterized 
by  the  steps  of  claim  7. 

More  specifically,  the  present  device  includes  a 
tip  and  associated  means  allowing  for  adjustment 
to  accomodate  different  diameters  of  wire  to  be 
welded  while  maintaining  a  tight  grip  around  the 
wires  during  the  welding  process  to  avoid  spread- 
ing  or  splaying  of  the  wires  during  the  welding 
process.  Further,  the  tip  is  rotatable  to  provide 
several  alternative  and  interchangeable  work  sur- 
faces  on  a  standard-shaped  readily  machineable 
cross  section,  thereby  allowing  for  a  longer  total 
worklife  and  a  reduced  cost  of  manufacture. 

Thus,  in  accordance  with  the  present  invention, 
an  ultrasonic  welding  apparatus  is  provided  which 
utilizes  a  movable  gathering  tool  between  the  anvil, 
a  stationary  support,  and  the  welding  tip  to  allow 
for  adjustably  accommodating  different  sizes  and 
numbers  of  wire  workpieces  to  be  welded.  Prefer- 
ably,  the  welding  tip  is  also  redesigned  to  be  long- 
wearing,  simply-shaped  in  cross  section,  and  easily 
manufactured.  According  to  a  preferred  embodi- 
ment,  the  tip  presents  several  alternate  and  inter- 
changeable  worksurfaces  at  adjoining  corners, 
which  are  made  available,  when  needed,  by  rotat- 
ing  the  tip. 

The  cross  section  of  welding  tip  is  preferably  a 
square,  but  could  also  be  any  convex  polygon, 
preferably  a  regular  polygon.  A  convex  polygon  is 
one  in  which  a  straight  line  between  any  two  points 
within  the  polygon  does  not  cross  the  boundaries 
of  the  polygon.  This  cross  sectional  shape  pre- 
cludes  any  concave  surfaces  such  as  those  defin- 
ing  the  worksurface  in  Figure  1  which  allows  for 
simple,  inexpensive  manufacturing.  A  regular  poly- 
gon  is  one  in  which  all  sides  are  equal  to  each 
other,  as  are  the  angles  formed  thereby  (e.g.,  a 
square).  A  welding  tip  of  such  a  cross  section  can 
be  rotated  about  its  axis  in  order  to  present  another 
worksurface  without  any  adjustment  of  the  axis 
position. 

As  indicated,  four  major  parts  are  included  in 
the  apparatus  of  the  present  invention  -  an  ultra- 
sonic  welding  tip,  an  adjustable  anvil  against  which 
the  welding  of  the  wires  occur,  and  an  adjustable 
gathering  tool  opposite  to  a  support  surface  for 
confining  the  wire  ends  to  be  welded  together 
between  the  anvil  and  welding  tip.  The  anvil  is 
adjustable  to  vary  the  serrated  worksurface  in  con- 
tact  with  the  bulk  of  the  wires  to  be  welded,  which, 
in  turn,  is  variable.  All  of  these  parts  are  of  rectan- 
gular  cross  section.  These  parts  are  placed  at 
ninety  degree  angles  to  each  other,  but  are  offset 
so  the  corners  of  adjacent  parts  do  not  contact 
each  other.  This  arrangement  forms  a  channel- 
shaped  work  area  with  a  rectangular  cross  section, 
with  each  of  the  four  parts  contributing  a  single 
surface  of  the  confined  work  area. 

In  order  to  assure  efficient  transmission  of  ul- 
trasonic  energy  from  the  apparatus  to  the  wire 
workpiece,  the  worksurfaces  of  the  tip  and  the  anvil 
are  serrated.  The  relative  position  of  the  gathering 

5  tool  to  the  support  is  adjustable  thereby  allowing 
for  a  work  area  of  varying  size  according  to  the 
diameter  or  number  of  the  wires  to  be  welded.  The 
adjustment  of  the  serrated  surface  of  the  anvil  to 
the  tip  can  also  be  accomplished.  Thus,  a  tight  fit 

io  of  the  wire  ends  or  workpiece  in  the  work  area  to 
prevent  splaying  or  extruding  of  the  wires  while  in 
the  plastic  state  during  the  welding  process,  is 
achieved,  by  adjustment  of  the  gathering  tool  rela- 
tive  to  the  support,  while  wear  reduction  is 

is  achieved  through  rotation  of  the  tip  and  adjustment 
of  the  work  contact  area  of  the  anvil  relative  to  the 
tip,  preserving  the  holding  serrations  thereof  for 
extended  use. 

The  gathering  tool  and  the  tip  can  also  freely 
20  swing  away  from  their  work  position  thereby  allow- 

ing  for  easy  insertion  and  removal  of  the  wire 
workpiece.  During  the  step  of  reducing  the  size  of 
the  work  area,  the  gathering  tool  first  moves  to- 
wards  the  support  for  partially  compressing  the 

25  workpieces.  Then  the  gathering  tool  and  the  weld- 
ing  move  simultaneously  towards  the  anvil  to  retain 
and  compress  the  workpieces  being  welded.  Once 
the  welding  is  completed,  the  gathering  block  first 
moves  away  from  the  support.  Then  both  the  gath- 

30  ering  block  and  the  tip  move  away  from  the  anvil. 
Once  the  work  channel  is  open,  the  welded  work- 
pieces  can  be  easily  removed  and  unwelded  work- 
pieces  inserted. 

Prior  art  methods  are  used  to  vibrate  the  tip 
35  ultrasonically  parallel  to  the  longitudinal  axis  of  the 

wire  workpiece.  During  the  ultrasonic  welding  pro- 
cess,  the  tip  is  exposed  to  substantial  wear  and 
tear,  thus  smoothing  the  serrations  of  the  worksur- 
face  resulting  in  inefficient  gripping  of  the  wires 

40  and  transmission  of  ultrasonic  energy  to  the  ends. 
Therefore,  the  worksurface  of  the  tip  must  be  fre- 
quently  replaced. 

The  preferred  tip  in  the  present  invention  has  a 
total  of  four  alternative  worksurfaces,  one  at  each 

45  corner  of  the  square  shape  in  cross  section.  Upon 
the  exhaustion  of  one  worksurface,  the  tip  may  be 
rotated  to  present  another  worksurface.  Further,  the 
simple  cross-sectional  shape  of  the  tip  allows  for  a 
reduced  cost  of  manufacture  and  more  multiple 

50  worksurfaces  as  compared  to  previous  designs. 
As  is  shown  in  Figure  1  ,  the  prior  art  discloses 

a  tip  with  only  two  worksurfaces  but  with  a  more 
intricate  shape  thus  having  a  higher  manufacturing 
cost,  a  higher  manufacturing  rejection  rate,  and  a 

55  lower  number  of  worksurfaces.  Indeed,  the  lower 
manufacturing  tolerances  due  to  the  simple  square 
cross-sectional  shape  of  the  tip  of  the  present 
invention  could  result  in  a  lower  manufacturing 

3 
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rejection  rate  per  worksurface,  thus  allowing  more 
worksurfaces  to  be  placed  on  a  tip  without  causing 
an  unduly  high  manufacturing  rejection  rate  of  the 
multi-worksurfaced  tip. 

Further  objects  and  advantages  of  the  invention 
will  become  apparent  from  the  following  description 
and  claims,  and  from  the  accompanying  drawings, 
wherein: 

Figure  1  is  a  front  view  in  elevation,  partly  in 
cross-section,  of  a  typical  prior  art  ultrasonic 
welding  device; 
Figure  2  is  an  enlarged  front  view  in  elevation, 
partly  in  cross-section,  of  the  arrangement  of  the 
welding  tip,  anvil,  support  and  gathering  tool  of 
the  preferred  embodiment  of  the  present  inven- 
tion.  Directions  of  travel  of  these  four  parts  are 
illustrated; 
Figure  3  is  a  front  view  in  elevation,  partly  in 
cross-section,  of  the  entire  apparatus  of  the  pre- 
ferred  embodiment,  including  the  arrangement 
illustrated  in  Figure  2; 
Figure  4  is  an  enlarged  front  view  in  elevation, 
partly  in  cross-section,  of  the  arrangement  of  the 
work  channel  in  the  fully  opened  configuration; 
Figure  5  is  an  enlarged  front  view  in  elevation, 
partly  in  cross-section  of  the  arrangement  of  the 
work  channel  in  a  partially  enclosed  configura- 
tion;  and 
Figure  6  is  an  enlarged  front  view  in  elevation, 
partly  in  cross-section  of  the  arrangement  of  the 
work  channel  in  a  fully  enclosed  configuration. 
Figure  7  is  an  enlarged  front  view  in  elevation, 
partly  in  cross-section  of  the  arrangement  of  the 
work  channel  in  a  partly  enclosed  configuration, 
subsequent  to  welding  the  wires;  and 
Figure  8  is  a  sectional  view  illustrating  a  slot 
which  enables  independent  movement  of  the 
gathering  block  with  respect  to  the  horn  tip. 

Referring  now  to  the  drawings  in  detail  wherein 
like  numerals  indicate  like  elements  throughout  the 
several  views,  the  apparatus  10  of  the  present 
invention  includes  a  support  12  seated  on  a  main 
support  structure  or  base  14.  The  position  of  sup- 
port  12  on  the  base  14  is  adjusted  laterally  by 
rotating  the  adjustment  screw  16  rotatably  fixed  to 
an  upright  portion  33  of  base  14  and  connected  to 
a  threaded  bore  (not  shown)  in  support  12.  The 
support  12  is  moved  until  it  is  flush  with  the  side  of 
a  tip  20  connected  to  an  ultrasonic  welding  horn 
18.  The  tip  20  is  square  in  cross  section  and  has 
one  serrated  worksurface  22  and  three  auxiliary 
serrated  worksurfaces  24  adjacent  each  corner.  An 
anvil  26  having  a  serrated  corner  28  is  seated  on 
support  12  and  is  adjusted  via  the  rotation  of  an 
adjustment  screw  30  provided  with  a  vernier  scale 
31  to  record  the  adjusted  position  of  the  anvil 
relative  to  the  base  14.  The  screw  30  extends 
through  an  upright  portion  33  of  base  14  into  a 

threaded  bore  in  the  anvil  26  and  is  rotated  until 
the  serrated  worksurface  28  of  the  anvil  26  overlies 
and  is  opposite  from  and  parallel  to  the  serrated 
worksurface  22  of  the  tip  20.  The  tip  20  can  be 

5  positioned  towards  and  away  from  serrated  work 
surface  28  as  indicated  in  Figure  2. 

A  bundle  of  wire  ends  32  to  be  welded  are 
inserted  into  the  partly  enclosed  notch  or  work  area 
35  defined  by  the  serrated  edges  28  and  22  and 

io  the  adjacent  edge  surface  39  of  support  12  and  is 
fully  enclosed  by  the  edge  surface  37  of  a  gather- 
ing  tool  34  transforming  the  partly  enclosed  notch 
into  a  closed  working  area  36.  The  gathering  tool 
34  is  pivotably  attached  to  one  end  of  a  crank  arm 

is  38  which  is  rotatably  mounted  on  a  pivot  pin  40  in 
base  14  intermediate  its  ends.  The  opposite  end  of 
the  crank  arm  38  is  pivotably  attached  to  piston 
head  42  slidable  within  a  cylindrical  channel  44  in 
base  14.  The  working  position  of  the  gathering  tool 

20  34  is  adjusted  by  the  rotation  of  the  screw  46 
threadedly  received  through  a  sidewall  of  base  14 
which  bears  against  piston  head  42.  Upon  clock- 
wise  rotation  of  screw  46,  piston  head  42  is  moved 
laterally  into  cylindrical  channel  44,  against,  e.g., 

25  hydraulilc  dampening  of  its  shaft  47  causing  crank 
arm  38  to  pivot  in  a  counterclockwise  direction 
about  pin  40,  moving  gathering  tool  34  away  from 
the  edge  of  anvil  26  on  top  of  tip  20.  Forced 
hydraulic  return  of  piston  shaft  47  and  piston  head 

30  42,  upon  counterclockwise  rotation  of  screw  46, 
causes  gathering  tool  34  to  move  towards  the  edge 
of  anvil  26. 

The  adjustment  of  the  relative  positions  of  the 
tip  20,  support  12,  anvil  26  and  gathering  tool  34  is 

35  important  so  as  to  change  the  size  of  working  area 
36  thereby  providing  a  tight  fit  and  confinement 
around  one  or  more  of  the  wire  ends  32  in  the  work 
area  36  so  as  to  prevent  splaying  and  plastic 
extrusion  during  the  welding  process.  Further,  this 

40  variable  size  of  the  working  area  36  is  accom- 
plished  without  replacing  machine  parts,  thereby 
reducing  financial  and  procurement  concerns. 

After  the  wire  end  32  is  inserted  and  tightly 
enclosed  in  the  work  area  36  by  the  gathering  tool 

45  34,  welding  of  the  wire  ends  32  is  effected  by  the 
ultrasonic  horn  18  vibrating  the  tip  20  in  a  direction 
parallel  to  the  longitudinal  axis  of  the  wire  ends  32 
at  a  frequency  of  20-40  KHZ. 

During  repeated  use  of  the  ultrasonic  welding 
50  process,  the  serrated  worksurface  22  of  the  tip  20 

is  exposed  to  substantial  wear.  Eventually,  the  ser- 
rated  worksurface  22  of  the  tip  20  will  become 
smooth,  resulting  in  inefficient  transmission  of  ultra- 
sonic  energy,  due  to  the  loss  of  grip  on  the  article 

55  being  welded,  thereby  rendering  ineffective,  ultra- 
sonic  vibration  transmitted  to  the  article.  Upon  ex- 
haustion  of  a  serrated  worksurface  22  of  the  tip  20, 
the  tip  20  may  be  rotated  around  the  horn  18  in 

4 
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ninety  degree  increments  so  as  to  place  any  of  the 
three  auxiliary  serrated  worksurfaces  24  of  the  tip 
20  into  working  position  opposite  to  serrated  edge 
28  of  anvil  26.  These  auxiliary  serrated  worksur- 
faces  24  of  the  tip  20  are  identical  to  the  serrated 
worksurface  22  of  the  tip  20  and  thereby  prolong 
the  useful  life  of  the  tip  20  as  a  whole. 

The  length  of  the  serrated  edge  28  of  anvil  26 
introduced  in  the  work  area  36  may  be  varied  by 
rotation  of  screw  30  to  preserve  the  useful  life 
thereof,  if  the  entire  gripping  surface  is  not  needed. 

An  important  aspect  of  the  present  invention 
relates  to  the  sequence  of  adjustment  of  the  rela- 
tive  positions  of  the  tip  20,  support  12,  anvil  26  and 
gathering  tool  34.  Referring  to  Figure  4,  the  work- 
ing  area,  also  known  as  the  adjustably  sized  chan- 
nel  36  is  in  its  fully  open  position.  At  this  stage,  a 
bundle  of  wire  ends  32'  are  inserted  into  the  work- 
ing  area  35  defined  by  the  first  and  third  work 
surfaces  22  and  28,  respectively,  each  having  a 
serrated  edge  thereon  and  adjacent  second  and 
fourth  work  surfaces  37  and  39,  respectively,  of  the 
gathering  block  34  and  the  support  12. 

Next,  as  illustrated  in  Figure  5,  the  gathering 
block  34  moves  towards  the  anvil  26  so  that  the 
work  surface  37  contacts  the  surface  50  of  anvil  26. 
Although  the  surface  37  can  be  in  contact  the 
surface  50,  it  is  preferable  that  no  frictional  load  is 
created  when  the  gathering  block  34  moves  parallel 
to  the  face  50.  Therefore,  a  small  space  of  about 
25  to  50  urn  (about  .001  to  about  .002  inches)  is 
typically  provided.  The  amount  of  space  between 
the  parts  is  controlled  by  the  fineness  of  the  wire 
ends  32'.  For  example,  if  the  wire  ends  are  very 
fine,  it  is  more  important  to  provide  a  small  spacing 
so  that  the  wire  ends  do  not  get  caught  between 
the  parts  of  the  machine. 

In  the  next  stage  of  operation,  as  shown  in 
Figure  6,  the  tip  20  moves  upward  together  with 
the  gathering  block  34  whereby  the  size  of  the 
adjustably  sized  channel  is  reduced  to  compress 
the  wire  ends  32'.  Then,  ultrasonics  are  applied 
and  the  wire  ends  are  welded  together. 

Subsequent  to  the  welding  of  the  wire  ends 
32',  the  gathering  block  34  is  moved  away  from  the 
surface  50  of  the  anvil  26  as  shown  in  Figure  7. 
Then,  both  the  gathering  block  34  and  the  tip  20 
move  back  to  their  original  positions  as  shown  in 
Figure  4.  It  is  advantageous  that  the  gathering 
block  moves  away  from  the  anvil  26  to  prevent 
friction  with  the  face  50.  Also,  by  increasing  the 
size  of  the  channel  36,  there  is  less  friction  gen- 
erated  between  the  welded  wires  32'  and  the  sur- 
face  39  of  the  support  12.  The  gathering  block 
moves  more  quickly  than  the  tip  20  and  therefore 
can  be  considered  to  move  prior  to  the  movement 
of  the  tip  20.  However,  it  is  within  the  terms  of  the 
present  invention  that  the  tip  20  begin  to  move 

away  from  the  anvil  26  at  the  same  time  that  the 
gathering  block  34  moves  away  from  the  anvil  26. 
However,  the  speed  of  the  movement  of  the  gath- 
ering  block  results  in  it  opening  the  channel  36 

5  before  the  tip  has  a  chance  to  move  a  significant 
distance  from  the  anvil. 

To  more  fully  understand  the  operation  of  the 
present  invention,  Figure  8  illustrates  a  section  of 
the  connection  between  the  crankarm  38  and  the 

io  gathering  block  34.  A  slot  60  is  provided  in  the 
gathering  block  component  which  enables  the  gath- 
ering  block  to  move  with  respect  to  the  pin  62 
connecting  the  crankarm  38  to  the  gathering  block. 

The  patents  and  patent  applications  set  forth  in 
is  the  specification  are  intended  to  be  incorporated  in 

their  entireties  by  reference  herein. 
It  is  apparent  that  there  has  been  provided  in 

accordance  with  this  invention  a  device  for  ul- 
trasonically  welding  workpieces  and  the  method  of 

20  using  the  device  which  satisfies  the  objects,  means 
and  advantages  set  forth  hereinbefore.  While  the 
invention  has  been  described  in  combination  with 
the  embodiments  thereof,  it  is  evident  that  many 
alternatives,  modifications  and  variations  will  be 

25  apparent  to  those  skilled  in  the  art  in  light  of  the 
foregoing  description. 

Claims 

30  1.  A  device  for  ultrasonically  welding  workpieces 
(32)  comprising: 
an  ultrasonic  horn  (18)  which  produces  ultra- 
sonic  vibrations,  said  ultrasonic  horn  having  a 
welding  tip  (20)  with  a  first  work  surface  (22); 

35  an  adjustably  sized  channel  (36)  for  retaining 
and  compressing  the  workpieces  (32)  during 
the  welding  process,  said  adjustably  sized 
channel  (36)  comprising: 
a  gathering  tool  (34)  slidably  mounted  for  back 

40  and  forth  movement  parallel  to  said  first  work 
surface  (22)  and  having  a  second  work  surface 
(37)  facing  into  the  interior  of  said  adjustably 
sized  channel  (36)  and  disposed  at  right  an- 
gles  to  said  first  work  surface  (22); 

45  an  anvil  (26)  having  a  third  work  surface  (28) 
facing  into  the  interior  of  said  adjustably  sized 
channel  and  disposed  opposite  and  facing  said 
first  work  surface  (22)  of  said  tip  (20); 
a  support  (12)  having  a  fourth  work  surface 

50  (39)  facing  into  the  interior  of  said  adjustably 
sized  channel  (36)  and  disposed  normal  to 
said  first  work  surface  (22)  and  extending  be- 
tween  said  first  and  third  work  surfaces  (22, 
28)  whereby  said  adjustably  sized  channel  (36) 

55  is  defined  by  said  first,  second,  third  and  fourth 
work  surfaces  (22,  37,  28,  39); 
means  for  decreasing  the  size  of  said  ad- 
justably  sized  channel  (36)  comprising: 

5 
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means  (38,40,42,44,47)  for  moving  said  sec- 
ond  work  surface  (37)  towards  said  fourth  work 
surface  (39)  whereby  the  workpieces  (32)  are 
compressed  between  said  gathering  tool  (34) 
and  said  support  (12); 
characterized  in  that  said  device  further  com- 
prises  means  (30)  for  sliding  said  anvil  (26) 
relative  to  said  support  (12)  to  infinitesimally 
adjust  said  anvil  (26)  in  a  direction  parallel  to 
said  first  work  surface  (22)  between  said  sec- 
ond  and  fourth  work  surfaces  (37,39). 

2.  A  device  for  ultrasonically  welding  workpieces 
(32)  as  defined  in  claim  1  ,  further  characterized 
in  that  said  means  for  decreasing  the  size  of 
said  adjustably  sized  channel  (36)  comprises 
driving  means  (38,40,42,44,47)  for  providing 
movement  of  said  gathering  tool  (34)  and  said 
welding  tip  (20)  towards  said  anvil  (26)  main- 
tained  in  a  fixed  position,  whereby  the  work- 
pieces  (32)  are  compressed  between  said 
welding  tip  (20)  and  said  anvil  (26),  and  be- 
tween  said  gathering  tool  (34)  and  said  support 
(12). 

3.  A  device  of  claims  1  or  2  further  characterized 
by  means  for  increasing  the  decreased  size  of 
said  adjustably  sized  channel,  the  increasing 
means  characterized  by: 
means  for  sliding  (38,40)  said  second  work 
surface  (37)  away  from  said  fourth  work  sur- 
face  (39)  whereby  the  workpieces  (32)  are 
released  from  between  said  gathering  tool  (34) 
and  said  support  (12);  and 
means  for  moving  said  gathering  tool  (34)  and 
said  welding  tip  (20)  away  from  said  anvil  (26) 
whereby  the  workpieces  (32)  can  be  removed 
from  said  adjustably  sized  channel  (36). 

4.  A  device  (10)  for  ultrasonically  welding  work- 
pieces  (32)  as  defined  in  any  of  claims  1  to  3, 
wherein  said  welding  tip  (20)  is  further  char- 
acterized  by  several  alternative  first  work  sur- 
faces  (24)  located  about  the  periphery  of  said 
tip  (20)  and  successively  available  by  rotation 
for  contact  with  the  workpieces  (32)  to  be 
welded,  said  tip  (20)  having  the  cross-sectional 
shape  of  a  convex  polygon  substantially  free  of 
concave  surfaces  and  said  first  work  surfaces 
(22,24)  being  found  at  the  corners  of  said 
convex  polygon. 

5.  A  device  (10)  for  ultrasonically  welding  work- 
pieces  (32)  as  defined  in  any  of  claims  1  to  3, 
said  device  being  further  characterized  in  that 
said  welding  tip  (20)  is  of  a  cross-sectional 
shape  of  a  polygon  substantially  free  of  con- 
cave  surfaces,  said  tip  having  any  of  several 

available  first  work  surfaces  (22,  24)  at  the 
successive  corners  of  said  polygon,  said  alter- 
native  first  work  surfaces  (24)  being  made 
available  through  rotation  of  said  tip  (20)  about 

5  said  horn. 

6.  A  device  (10)  for  ultrasonically  welding  work- 
pieces  (32)  as  defined  in  any  of  the  preceding 
claims,  further  characterized  in  that  said  gath- 

io  ering  tool  (34)  is  adjustable  in  its  final  working 
position  relative  to  said  tip  (20),  thereby  allow- 
ing  for  further  adjustment  of  the  size  of  said 
channel  (36). 

is  7.  A  method  of  ultrasonically  welding  workpieces 
(32),  comprising: 
providing  an  ultrasonic  welding  device  having 
an  ultrasonic  horn  (18)  and  a  welding  tip  (20); 
providing  an  adjustably  sized,  rectangularly 

20  shaped,  walled  channel  (36)  comprising  four 
work  surfaces  (22,37,28,39)  defined  by  said 
welding  tip  (20),  a  gathering  tool  (34),  an  anvil 
(26),  and  a  support  (12)  for  retaining  and  com- 
pressing  said  workpieces  (32); 

25  disposing  said  workpieces  (32)  within  said 
channel  (36); 
adjusting  the  size  of  said  channel  (36)  by  mov- 
ing 
a  second  work  surface  (37)  on  said  gathering 

30  tool  (34)  with  respect  to  a  fourth  work  surface 
(39)  on  said  support  (12); 
and 
adjusting  the  distance  between  a  first  work 
surface  (22)  on  said  welding  tip  (20)  and  a 

35  third  work  surface  (28)  on  said  anvil  (26)  facing 
said  first  work  surface  (22); 
said  adjusting  step  being  characterized  by  in- 
finitesimally  adjustably  sliding  said  anvil  (26) 
relative  to  said  support  (12)  in  a  direction  par- 

40  allel  to  a  first  work  surface  (22)  between  said 
second  and  fourth  work  surfaces  (37,  39). 

Patentanspruche 

45  1.  Vorrichtung  zum  UltraschallschweiBen  von 
Werkstucken  (32),  die  umfaBt: 
einen  Ultraschall-Elektrodenarm  (18),  der  Ultra- 
schallschwingungen  erzeugt,  wobei  der  Ultra- 
schall-Elektrodenarm  eine  SchweiBspitze  (20) 

50  mit  einer  ersten  Arbeitsflache  (22)  aufweist; 
einen  Kanal  (36)  verstellbarer  GroBe,  der  die 
Werkstucke  (32)  wahrend  des  SchweiBvor- 
gangs  halt  und  zusammendruckt,  wobei  der 
Kanal  (36)  verstellbarer  GroBe  umfaBt: 

55  eine  Aufnahmevorrichtung  (34),  die  parallel  zur 
ersten  Arbeitsflache  (22)  hin-  und  herver- 
schiebbar  angebracht  ist  und  eine  zweite  Ar- 
beitsflache  (37)  aufweist,  die  in  das  Innere  des 

6 
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Kanals  (36)  verstellbarer  GroBe  gerichtet  ist 
und  im  rechten  Winkel  zur  ersten  Arbeitsflache 
(22)  angeordnet  ist; 
einen  AmboB  (26)  mit  einer  dritten  Arbeitsfla- 
che  (28),  die  in  das  Innere  des  Kanals  verstell- 
barer  GroBe  gerichtet  ist  und  der  ersten  Ar- 
beitsflache  (22)  der  Spitze  (20)  gegenuberliegt 
und  ihr  zugewandt  ist; 
eine  Auflage  (12)  mit  einer  vierten  Arbeitsfla- 
che  (39),  die  in  das  Innere  des  Kanals  (36) 
verstellbarer  GroBe  gerichtet  ist,  senkrecht  zu 
dar  ersten  Arbeitsflache  (22)  angeordnet  ist 
und  sich  zwischen  der  ersten  und  der  dritten 
Arbeitsflache  (22,  28)  erstreckt,  wodurch  der 
Kanal  (36)  verstellbarer  GroBe  durch  die  erste, 
die  zweite,  die  dritte  und  die  vierte  Arbeitsfla- 
che  (22,  37,  28,  39)  begrenzt  wird; 
eine  Einrichtung  zur  Verringerung  der  GroBe 
des  Kanals  (36)  verstellbarer  GroBe,  die  um- 
faBt: 
Einrichtungen  (36,  40,  42,  44,  47)  zum  Bewe- 
gen  der  zweiten  Arbeitsflache  (37)  in  Richtung 
der  vierten  Arbeitsflache  (39),  wodurch  die 
Werkstucke  (32)  zwischen  der  Aufnahmevor- 
richtung  (34)  und  der  Auflage  (12)  zusammen- 
gedruckt  werden; 
dadurch  gekennzeichnet,  daB  die  Vorrich- 
tung  des  weiteren  eine  Einrichtung  (36)  zum 
verschieben  des  Ambosses  (26)  in  bezug  auf 
die  Auflage  (12)  zur  unendlich  geringfugigen 
Verstellung  des  Ambosses  (26)  in  einer  Rich- 
tung  parallel  zur  ersten  Arbeitsflache  (22)  zwi- 
schen  der  zweiten  und  der  vierten  Arbeitsfla- 
che  (37,  39)  umfaBt. 

2.  Vorrichtung  zum  UltraschallschweiBen  von 
Werkstucken  (32)  nach  Anspruch  1  ,  des  weite- 
ren  dadurch  gekennzeichnet,  daB  die  Ein- 
richtung  zur  Verringerung  der  GroBe  des  Ka- 
nals  (36)  verstellbarer  GroBe  Bewegungsein- 
richtungen  (38,  40,  42,  44,  47)  zum  Bewegen 
der  Aufnahmevorrichtung  (34)  und  der 
SchweiBspitze  (20)  auf  den  AmboB  (26)  zu 
umfaBt,  der  in  einer  stationaren  Stellung  gehal- 
ten  wird,  wodurch  die  Werkstucke  (32)  zwi- 
schen  der  SchweiBspitze  (20)  und  dem  AmboB 
(26)  und  zwischen  der  Aufnahmevorrichtung 
(34)  und  der  Auflage  (12)  zusammengedruckt 
werden. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  die  des 
weiteren  gekennzeichnet  ist  durch  Einrich- 
tungen  zur  VergroBerung  der  verringerten  Gro- 
Be  des  Kanals  verstellbarer  GroBe,  wobei  die 
VergroBerungseinrichtungen  gekennzeichnet 
sind  durch: 
eine  Einrichtung  zum  Verschieben  (38,  40)  der 
zweiten  Arbeitsflache  (37)  von  der  vierten  Ar- 

beitsflache  (39)  weg,  wodurch  die  Werkstucke 
(32)  aus  der  Stellung  zwischen  der  Aufnahme- 
vorrichtung  (34)  und  der  Auflage  (12)  gelost 
werden;  und 

5  eine  Einrichtung  zum  Bewegen  der  Aufnahme- 
vorrichtung  (34)  und  der  SchweiBspitze  (20) 
von  dem  AmboB  (26)  weg,  wodurch  die  Werk- 
stucke  (32)  aus  dem  Kanal  (36)  verstellbarer 
GroBe  entnommen  worden  konnen. 

10 
4.  Vorrichtung  (10)  zum  UltraschallschweiBen  von 

Werkstucken  (32)  nach  einem  der  Anspruche  1 
bis  3,  wobei  die  SchweiBspitze  (20)  des  weite- 
ren  gekennzeichnet  ist  durch  verschiedene 

is  alternative  erste  Arbeitsflachen  (24),  die  urn 
den  Umfang  der  Spitze  (20)  herum  angeordnet 
sind  und  durch  Drehung  nacheinander  mit  den 
zu  schweiBenden  Werkstucken  (32)  in  Kontakt 
gebracht  werden  konnen,  wobei  die  Spitze  (20) 

20  die  Querschnittsform  eines  konvexen  Vielecks 
hat,  das  im  wesentlichen  frei  von  konkaven 
Flachen  ist,  und  wobei  sich  die  ersten  Arbeits- 
flachen  (22,  24)  an  den  Ecken  des  konvexen 
Vielecks  finden. 

25 
5.  Vorrichtung  (10)  zum  UltraschallschweiBen  von 

Werkstucken  (32)  nach  einem  der  Anspruche  1 
bis  3,  wobei  die  Vorrichtung  des  weiteren  da- 
durch  gekennzeichnet  ist,  daB  die  SchweiB- 

30  spitze  (20)  die  Querschnittsform  eines  Vielecks 
hat,  das  im  wesentlichen  frei  von  konkaven 
Flachen  ist,  wobei  die  Spitze  beliebige,  mehre- 
re  zur  Verfugung  stehende  Arbeitsflachen  (22, 
24)  an  den  aufeinanderfolgenden  Ecken  des 

35  Vielecks  aufweist,  wobei  die  alternativen  ersten 
Arbeitsflachen  (24)  durch  Drehung  der  Spitze 
(20)  urn  den  Elektrodenarm  zur  Verfugung  ste- 
hen. 

40  6.  Vorrichtung  (10)  zum  UltraschallschweiBen  von 
Werkstucken  (32)  nach  einem  der  vorangehen- 
den  Anspruche,  die  des  weiteren  dadurch  ge- 
kennzeichnet  ist,  daB  die  Aufnahmevorrich- 
tung  (34)  in  ihrer  Endarbeitsstellung  in  bezug 

45  auf  die  Spitze  (20)  verstellbar  ist,  wodurch  wei- 
tere  Verstellung  der  GroBe  des  Kanals  (36) 
moglich  ist. 

7.  Verfahren  zum  UltraschallschweiBen  von  Werk- 
50  stucken  (32),  das  umfaBt: 

Bereitstellung  einer  UltraschallschweiBvorrich- 
tung  mit  einem  Ultraschall-Elektrodenarm  (18) 
und  einer  SchweiBspitze  (20); 
Bereitstellung  eines  rechteckig  geformten,  mit 

55  Wanden  versehenen  Kanals  (36)  verstellbarer 
GroBe,  der  vier  Arbeitsflachen  (22,  37,  28,  39) 
umfaBt,  und  der  durch  die  SchweiBspitze  (20), 
eine  Aufnahmevorrichtung  (34),  einen  AmboB 

7 
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(26)  und  eine  Auflage  (12)  zum  Halten  und 
Zusammendrucken  der  Werkstucke  (32)  be- 
grenzt  wird; 
Einbringen  der  Werkstucke  (32)  in  den  Kanal 
(36); 
Einstellen  der  GroBe  des  Kanals  (36)  durch 
Bewegung  einer  zweiten  Arbeitsflache  (37)  an 
der  Aufnahmevorrichtung  (34)  in  bezug  auf 
eine  vierte  Arbeitsflache  (39)  an  der  Auflage 
(12);  und 
Einstellen  des  Abstandes  zwischen  einer  er- 
sten  Arbeitsflache  (22)  an  der  SchweiBspitze 
(20)  und  einer  dritten  Arbeitsflache  (28)  an 
dem  AmboB  (26),  die  der  ersten  Arbeitsflache 
(22)  zugewandt  ist; 
wobei  der  Einstellschritt  gekennzeichnet  ist 
durch  unendlich  geringfugig  einstellbare  Ver- 
schiebung  des  Ambosses  (26)  in  bezug  auf  die 
Auflage  (12)  in  einer  Richtung  parallel  zu  einer 
ersten  Arbeitsflache  (22)  zwischen  der  zweiten 
und  der  vierten  Arbeitsflache  (37,  39). 

Revendicatlons 

1.  Dispositif  pour  soudage  par  ultra-sons  de  pie- 
ces  (32),  comprenant  : 

•  un  cornet  a  ultra-sons  (18),  produisant 
des  vibrations  ultrasonores,  ledit  cornet 
acoustique  presentant  un  embout  de 
soudage  (20)  avec  une  premiere  surface 
de  travail  (22); 

•  un  canal  (36)  a  dimensions  reglables, 
pour  retenir  et  comprimer  les  pieces  (32) 
pendant  le  processus  de  soudage,  ledit 
canal  (36)  a  dimensions  reglables  com- 
prenant  : 

•  un  outil  d'assemblage  (34)  monte  coulis- 
sant  pour  pouvoir  effectuer  un  mouve- 
ment  de  va  et  vient  parallelement  a  ladite 
premiere  surface  de  travail  (22)  et  ayant 
une  deuxieme  surface  de  travail  (37), 
tournee  vers  I'interieur  dudit  canal  (36)  a 
dimensions  reglables  et  disposee  a  an- 
gle  droit  par  rapport  a  ladite  premiere 
surface  de  travail  (22); 

•  une  enclume  (26),  comportant  une  troi- 
sieme  surface  de  travail  (28),  tournee 
vers  I'interieur  dudit  canal  a  dimensions 
reglables  et  disposee  a  I'oppose  de,  et 
tournee  vers,  ladite  premiere  surface  de 
travail  (22)  dudit  embout  (20); 

•  un  support  (12),  presentant  une  quatrie- 
me  surface  de  travail  (39),  tournee  vers 
I'interieur  dudit  canal  (36)  a  dimensions 
reglables  et  dispose  perpendiculairement 
par  rapport  a  ladite  premiere  surface  de 
travail  (22)  et  s'etendant  entre  lesdites 
premiere  et  troisieme  surfaces  de  travail 

(22,  28),  de  maniere  que  ledit  canal  (36) 
a  dimensions  reglables  soit  defini  par 
lesdites  premiere,  deuxieme,  troisieme  et 
quatrieme  surfaces  de  travail  (22,  37,  28, 

5  39); 
•  des  moyens  pour  diminuer  la  taille  dudit 

canal  (36)  a  dimensions  reglables  com- 
prenant  : 

•  des  moyens  (38,  40,  42,  44,  47)  pour 
io  deplacer  ladite  deuxieme  surface  de  tra- 

vail  (37)  vers  ladite  quatrieme  surface  de 
travail  (39),  de  maniere  que  les  pieces 
(32)  soient  comprimees  entre  ledit  outil 
d'assemblage  (34)  et  ledit  support  (12); 

is  caracterise  en  ce  que  ledit  dispositif  comprend 
en  outre  des  moyens  (30),  pour  faire  coulisser 
ladite  enclume  (26)  par  rapport  audit  support 
(12),  en  vue  d'effectuer  un  ajustement  infinite- 
simal  de  ladite  enclume  (26),  dans  une  direc- 

20  tion  parallele  a  ladite  premiere  surface  de  tra- 
vail  (22),  entre  lesdites  deuxieme  et  quatrieme 
surfaces  de  travail  (37,  39). 

2.  Dispositif  pour  soudage  par  ultra-sons  de  pie- 
25  ces  (32)  selon  la  revendication  1,  caracterise 

en  outre  en  ce  que  lesdits  moyens  de  diminu- 
tion  de  la  taille  dudit  canal  (36)  a  dimensions 
reglables  comprennent  des  moyens  d'entraTne- 
ment  (38,  40,  42,  44,  47),  pour  produire  un 

30  deplacement  dudit  outil  d'assemblage  (34)  et 
dudit  embout  de  soudage  (20),  en  direction  de 
ladite  enclume  (26)  maintenue  en  position  fixe, 
de  maniere  que  les  pieces  (32)  soient  compri- 
mees  entre  ledit  embout  de  soudage  (20)  et 

35  ladite  enclume  (26),  et  entre  ledit  outil  d'as- 
semblage  (34)  et  ledit  support  (12). 

3.  Dispositif  selon  la  revendication  1  ou  2,  carac- 
terise  en  outre  par  des  moyens  pour  agrandir 

40  la  taille  diminuee  dudit  canal  a  dimensions 
reglables,  les  moyens  d'agrandissement  etant 
caracterises  par  : 

•  des  moyens  de  coulissement  (38,40), 
pour  faire  coulisser  ladite  deuxieme  sur- 

45  face  de  travail  (37)  afin  de  I'ecarter  de 
ladite  quatrieme  surface  de  travail  (39), 
de  maniere  que  les  pieces  (32)  soient 
liberees  de  la  prise  entre  ledit  outil  d'as- 
semblage  (34)  et  ledit  support  (12);  et 

50  •  des  moyens,  pour  deplacer  ledit  outil 
d'assemblage  (34)  et  ledit  embout  de 
soudage  (20),  de  fagon  a  les  ecarter  de 
ladite  enclume  (26),  de  maniere  que  les 
pieces  (32)  puissent  etre  enlevees  dudit 

55  canal  (36)  a  dimensions  reglables. 

4.  Dispositif  (10)  pour  soudage  par  ultra-sons  de 
pieces  (32),  selon  I'une  quelconque  des  reven- 
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dications  1  a  3,  dans  lequel  ledit  embout  de 
soudage  (20)  est  en  outre  caracterise  par  plu- 
sieurs  autres  surfaces  de  travail  (24),  situees 
sur  la  peripherie  dudit  embout  (20)  et  utilisa- 
bles  successivement  par  rotation  pour  les  met-  5 
tre  en  contact  avec  les  pieces  (32)  a  souder, 
ledit  embout  (20)  ayant  une  section  transversa- 
le  en  forme  de  polygone  convexe,  essentielle- 
ment  exempte  de  surfaces  concaves,  et  lesdi- 
tes  premiere  surfaces  de  travail  (22,  24)  etant  10 
situees  aux  angles  dudit  polygone  convexe. 

5.  Dispositif  (10)  pour  soudage  par  ultra-sons  de 
pieces  (32),  selon  I'une  quelconque  des  reven- 
dications  1  a  3,  ledit  dispositif  etant  en  outre  is 
caracterise  en  ce  que  ledit  embout  de  soudage 
(20)  a  une  section  transversale  en  forme  de 
polygone  pratiquement  exempte  de  surfaces 
concaves,  ledit  embout  ayant  I'une  quelconque 
de  plusieurs  autres  premieres  surfaces  de  tra-  20 
vail  (22,  24)  utilisables  situee  aux  angles  suc- 
cessifs  dudit  polygone,  lesdites  autres  premie- 
res  surfaces  de  travail  (24)  existantes  etant 
utilisables  par  rotation  dudit  embout  (20)  autour 
dudit  cornet.  25 

6.  Dispositif  (10)  pour  soudage  par  ultra-sons  de 
pieces  (32),  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  outre  en 
ce  que  la  position  finale  dudit  outil  d'assembla-  30 
ge  (34)  par  rapport  audit  embout  (20)  est  re- 
glable,  de  maniere  a  permettre  un  ajustement 
supplemental  de  la  taille  dudit  canal  (36). 

7.  Procede  de  soudage  par  ultra-sons  de  pieces  35 
(32),  comprenant  : 

•  la  fourniture  d'un  dispositif  de  soudage 
par  ultra-sons  equipe  d'un  cornet  a  ultra- 
sons  (18)  et  d'un  enbout  de  soudage 
(20);  40 

•  la  fourniture  d'un  canal  (36)  a  dimensions 
reglables,  dont  la  forme  est  rectangulaire, 
ayant  des  parois,  comprenant  quatre  sur- 
faces  de  travail  (22,  37,  28,  39)  definies 
par  ledit  embout  de  soudage  (20),  un  45 
outil  d'assemblage  (34),  une  enclume 
(26),  et  un  support  (12),  pour  retenir  et 
comprimer  lesdites  pieces  (32); 

•  la  disposition  desdites  pieces  (32)  a  I'in- 
terieur  dudit  canal  (36);  so 

•  I'ajustement  de  la  taille  dudit  canal  (36), 
par  deplacement  d'une  deuxieme  surface 
de  travail  (37)  sur  ledit  outil  d'assembla- 
ge  (34),  par  rapport  a  une  quatrieme 
surface  de  travail  (39)  situee  sur  ledit  55 
support  (12);  et 

•  I'ajustement  de  la  distance  entre  ladite 
premiere  surface  de  travail  (22)  situee 

sur  ledit  embout  de  soudage  (20)  et  une 
troisieme  surface  de  travail  (28)  situee 
sur  ladite  enclume  (26),  en  regard  de 
ladite  premiere  surface  de  travail  (22); 

•  ladite  etape  d'ajustement  etant  caracteri- 
see  par  un  deplacement  de  coulissement 
ajustable  de  fagon  infinitesimale  de  ladite 
enclume  (26)  par  rapport  audit  support 
(12),  dans  une  direction  parallele  a  une 
premiere  surface  de  travail  (22),  entre 
lesdites  deuxieme  et  quatrieme  surfaces 
de  travail  (37,  39). 
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