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Welding  of  parts  separated  by  a  gap  using  a  laser  welding  beam. 

are  held  in  position  and  moved  relative  to  the  weld- 
ing  beam  at  a  rate  that  permits  a  hydraulically  tight 
weld  of  high  strength  to  be  made  between  the  cov- 
ers. 

©  A  method  for  welding  two  portions  of  a  cover  for 
a  torque  converter  at  an  overlap  joint  using  a  weld- 
ing  beam  includes  directing  the  welding  beam  at  the 
radially  outer  cover  in  the  vicinity  of  the  overlap  at 
an  acute  angle  with  the  plane  of  the  cover  portions 

^*  in  the  vicinity  of  the  overlap.  The  angle  is  chosen  so 
that  the  focal  point  of  the  welding  beam  is  located 

00  on  the  radially  outermost  cover  portion  near  the 
Sinner  surface  and  distant  from  the  outer  surface.  In 

m 

t o  
this  way,  before  fusion  occurs,  temperature  gradients 

£N|are  induced  through  the  thicknesses  of  the  cover 
2   portions  tending  to  reduce  radial  expansion  of  the 

outer  cover  and  increase  radial  expansion  of  the 
®  inner  cover.  The  effect  of  these  thermal  bending 
Q.  moments  and  the  effect  of  the  increase  in  mean 
U4  temperature  of  the  covers  due  to  the  welding  beam 

combine  to  reduce  or  eliminate  the  thickness  of  the 
gap  that  exists  before  welding  begins.  The  covers 
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WELDING  OF  PARTS  SEPARATED  BY  A  GAP  USING  A  LASER  WELDING  BEAM 

BACKGROUND  OF  THE  INVENTION and  require  greater  correcting  balance  weight  and 
more  attention  to  the  dynamic  balance  than  would 
be  required  if  these  undesirable  effects  of  the  con- 
ventional  weld  process  could  be  eliminated. 

5  Necessary  manufacturing  and  assembly  toler- 
ances  required  to  produce  the  impeller  housing 
and  converter  cover  and  to  assemble  these  with  a 
lap  joint  cause  a  gap  between  the  inner  surface  of 
the  housing  and  the  outer  surface  of  trje  cover  in 

w  the  region  where  they  overlap  and  a  seam  is  to  be 
formed.  The  location  of  the  inner  surface  of  the 
outer  member  at  the  overlap  can  vary  over  a  toler- 
ance  range  for  that  member,  and  the  location  of  the 
outer  surface  of  the  inner  member  at  the  overlap 

75  can  vary  over  a  tolerance  range  for  that  member. 
Consequently,  the  width  of  the  gap  will  vary  in 
accordance  with  the  combination  of  tolerance 
ranges  associated  with  the  cover  and  housing  to  be 
joined  by  welding.  Where  electric  arc  welding  is 

20  used,  the  presence  of  the  gap  presents  no  serious 
difficulty.  The  large  amount  of  heat  produced,  the 
broad  zone  of  elevated  temperature  that  results 
and  the  use  of  filler  wire  provide  a  sufficient 
amount  of  molten  metal  to  span  the  gap  and  make 

25  an  effective  joint. 
However,  where  a  welding  beam,  focused  on  a 

small  area  or  at  a  point,  is  used  to  make  the  weld 
and  no  filler  wire  is  used,  as  in  the  present  inven- 
tion,  the  presence  of  a  gap  presents  a  serious 

30  difficulty.  Yet  a  gap  before  welding  is  essential 
because  of  the  tolerances  required  to  assure  as- 
sembly  of  the  cover  and  housing. 

The  assembly  comprises  a  shell  containing 
transmission  fluid  under  pressure.  Therefore,  the 

35  seam  weld  between  the  cover  and  housing  must 
produce  a  leak-free  seal  with  respect  to  hydraulic 
fluid.  Also,  the  rate  at  which  the  weld  is  made 
should  be  as  fast  as  possible  consistent  with  these 
requirements. 

40 

SUMMARY  OF  THE  INVENTION 

1  Field  of  the  Invention 

This  invention  relates  to  metal  welding  using 
high  energy  beams  such  as  laser  beams  and  elec- 
tron  beams.  More  particularly,  it  pertains  to  seam 
welding  especially  joints  that  connect  and  seal  cov- 
er  portions  of  a  torque  converter. 

2.  Description  of  the  Prior  Art 

Conventionally,  torque  converters  for  auto- 
motive  transmissions  include  two  cover  portions,  an 
impeller  housing  and  converter  cover,  joined  by 
fillet  welding  along  a  seam  where  the  covers  over- 
lap.  The  weld  is  made  by  heat  produced  by  an 
electric  arc  welding  gun  operated  in  an  inert  gas 
atmosphere  using  metal  inert  gas  (MIG)  weld  tech- 
niques.  Filler  wire,  melted  and  fused  to  molten 
metal  of  the  cover  and  housing,  is  added  to  the 
parent  metal  and  provides  material  for  the  fillet. 

Before  welding,  the  cover  and  housing  are 
formed  from  high  strength,  low  alloy  steel  to  the 
desired  shape  in  a  press  having  an  enormous  force 
capacity  -  perhaps  3500  tons  or  more.  In  the  pro- 
cess  of  forming  the  cover  and  housing  with  great 
forming  pressures  produced  in  the  press,  residual 
stresses  of  substantial  magnitude  are  induced  and 
remain  in  the  parts  after  forming.  Conventional 
welding,  such  as  MIG  welding,  causes  a  large 
temperature  spreading  over  a  large  area  adjacent 
the  seam  that  connects  the  cover  and  housing.  The 
high  temperature  releases  the  residual  stresses 
induced  while  forming  and  causes  distortion  of  the 
cover  and  housing  as  the  residual  stresses  are 
relieved  by  the  heat  of  welding. 

In  a  motor  vehicle,  the  assembly  formed  by 
welding  the  cover  and  housing  rotates  at  the  high 
speed  of  the  engine  that  drives  the  vehicle.  Accept- 
able  performance  in  this  environment  requires  an 
accurate,  dynamic  balance  of  the  torque  converter 
about  the  axis  of  rotation.  To  assure  satisfactory 
balance  after  forming  and  welding  the  torque  con- 
verter,  weights  are  riveted  to  the  outer  surface  of 
the  cover  to  restore  the  balance  of  the  torque 
converter  assembly  within  an  acceptable  range  of 
balance  established  by  performance  criteria.  Both 
the  distortion  that  results  from  overcoming  the  re- 
sidual  stresses  and  the  addition  of  the  filler  wire 
required  by  conventional  weld  processes  operate 
to  disturb  the  initial  balance  of  the  torque  converter 

45  Seam  welds  made  by  the  method  of  the 
present  invention  use  a  welding  beam,  preferably  a 
laser  beam,  directed  at  a  shallow  angle  with  re- 
spect  to  the  portion  of  the  impeller  housing  and 
converter  cover  which  overlap  in  the  vicinity  of  the 

so  weldment.  The  angle  is  selected  so  that  the  beam 
is  directed  onto  the  outer  member  at  the  overlap, 
usually  the  impeller  housing.  The  focal  region  of 
the  beam  is  located  on  the  wall  of  the  outer  mem- 
ber  approximately  one-third  of  the  distance  from  its 
inner  surface  to  its  outer  surface,  i.e.,  0.5-1.  7mm. 
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accurately  predictable,  and  it  has  virtually  no  ad- 
verse  effect  on  balance.  For  these  reasons,  when 
the  joint  is  made  in  this  way,  substantially  less 
balance  weight  and  time  are  required  after  welding 
to  rebalance  the  torque  converter  assembly. 

The  torque  converter  after  assembly  and  be- 
fore  welding  is  held  in  a  fixture  and  supported  for 
rotation  about  an  axis  of  symmetry.  The  cover  and 
housing  are  rotated  as  a  unit  about  the  axis  of 
symmetry  with  respect  to  the  axis  of  the  welding 
beam  so  that  a  seam  weld  is  made  along  the  entire 
periphery  having  a  diameter  of  approximately  9-13 
inches.  The  welding  speed  is  approximately  50-80 
inches  per  minute.  When  the  technique  of  this 
invention  is  employed  to  make  a  weld,  the  size  of 
the  gap  at  ambient  temperature  is  preferably  in  the 
range  ±  0.0  -.020  inches.  The  laser  beam  weld  is 
performed  in  a  gaseous  atmosphere  of  N2  O2 
helium  or  argon,  or  a  mixture  of  these  located  in 
the  vicinity  of  the  welding  beam  but  necessarily 
confined  to  that  vicinity. 

The  focal  region  is  further  located  sufficiently  far 
from  the  free  edge  of  the  impeller  housing  so  that 
the  length  of  the  welded  nugget  that  results  is  at 
least  equal  to  the  wall  thickness  of  the  impeller 
housing  or  converter  cover.  When  the  nugget  is 
this  long,  experience  with  destructive  testing  of  the 
joint  shows  that  failure  is  more  likely  through  the 
thickness  of  the  housing  or  cover  than  in  the  weld. 

Locating  the  welding  beam  on  the  outer  hous- 
ing  as  described  above  induces  a  temperature  vari- 
ation  or  gradient  through  the  wall  thickness  of  the 
housing  and  another  temperature  gradient  through 
the  watt  thickness  of  the  cover.  The  temperature 
gradient  in  the  housing  wall  is  such  that  higher 
temperatures  are  produced  near  the  focal  region 
and  the  inner  surface,  and  lower  temperatures  at 
the  outer  surface.  The  temperature  gradient  in  the 
cover  wall  is  such  that  higher  temperatures  occur 
at  its  outer  surface  and  lower  temperatures  at  the 
inner  surface.  These  thermal  gradients  induce  ther- 
mal  bending  moments  through  the  thickness  of  the 
respective  components  tending  to  restrain  outward 
thermal  expansion  of  the  housing  and  to  cause 
greater  outward  thermal  expansion  of  the  cover 
than  would  occur  if  the  gradients  were  absent. 
These  gradients  reduce  the  width  of  the  initial  gap. 

If,  on  the  other  hand,  the  focal  region  were 
located  near  the  midpoint  of  the  housing  wall  thick- 
ness  in  the  lap  region,  the  temperature  variation 
through  the  thickness  would  be  more  nearly  uni- 
form.  Then  the  housing  wall  would  expand  radially 
outward  due  mainly  to  elevated  temperature  but 
without  substantial  thermal  bending  effects,  thereby 
tending  to  increase  the  width  of  the  gap.  But  locat- 
ing  the  focal  region  of  the  beam  according  to  the 
present  invention  induces  a  thermal  bending  mo- 
ment  that  restrains  this  outward  expansion,  thereby 
reducing  the  size  of  the  gap.  Furthermore,  a  ther- 
mal  gradient  through  the  thickness  of  the  cover 
increases  outward  radial  expansion  of  the  cover, 
and  this  also  reduces  the  width  of  the  gap.  These 
conditions  combine  with  the  effect  of  elevated  tem- 
perature  of  the  cover  and  housing  to  reduce,  mini- 
mize  or  completely  eliminate  the  size  of  the  gap 
present  at  ambient  temperature  when  the  housing 
and  cover  are  overlapped  and  assembled  prior  to 
welding. 

The  torque  converter,  which  weighs  approxi- 
mately  40  pounds,  is  rotated  at  relatively  high 
speed  after  welding  to  determine  its  dynamic  bal- 
ance  about  the  axis  of  symmetry.  To  correct  unac- 
ceptable  imbalance,  weights  are  fixed  to  its  outer 
surface.  The  welding  process  according  to  the 
present  invention  employs  no  additional  filler  wire 
to  make  the  weld  and  requires  substantially  less 
heat  than  conventional  welding  methods. 
Accordingly,  the  amount  of  the  metal  that  becomes 
molten  is  minimized,  its  location  after  welding  is 

10 

15 

20 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
25 

Figure  1  is  a  partial  cross  section  through  a 
hydrokinetic  torque  converter  showing  a  seam  weld 
connecting  a  converter  cover  and  an  impeller  hous- 

30  ing. 
Figure  2  is  a  cross  section  in  substantially 

larger  scale  than  Figure  1  showing  the  assembly  in 
the  vicinity  of  the  seam  weld. 

Figure  3  is  a  cross  section  through  the  seam 
35  weld  showing  a  first  angle  of  incidence  of  the 

welding  beam. 
Figure  4  is  a  cross  section  of  the  seam  weld 

showing  a  greater  angle  of  incidence  of  the  welding 
beam  than  that  of  Figure  3. 

40  Figures  5  and  6  are  cross  sections  taken  at 
planes  5-5  and  6-6  of  Figure  2. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 45 

Referring  first  to  Figure  1  ,  an  automotive  torque 
converter  10  for  an  automatic  transmission  includes 

50  a  cover  1  1  adapted  for  connection  by  a  mechanical 
attachment  14  to  a  flywheel  (not  shown)  adapted  to 
be  driven  by  an  engine  crankshaft.  The  cover  is 
supported  on  a  surface  16  adapted  to  fit  within  a 
recess  formed  on  the  end  of  the  engine  shaft.  A 

55  lockup  clutch  1  8  is  rotatably  supported  on  the  hub 
20  of  a  turbine  rotor  22,  which  includes  multiple 
turbine  blades  24,  rotatably  supported  on  the  hub 
and  distributed  angularly  about  a  longitudinal  axis 
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with  respect  to  the  plane  of  the  first  sheet  in  the 
range  10*  -45*  .  The  welding  beam  is  preferably  a 
laser  beam  produced  by  a  conventional, 
commercially-available  welder,  such  as  model  No. 

5  j  975  produced  by  Spectra-Physics,  Inc.,  San  Jose, 
California.  The  welder  is  supplied  with  electrical 
welding  energy  in  the  range  5-15  kilowatts.  The 
assembly  is  rotated  about  the  axis  26  and  with 
respect  to  the  welding  beam  at  a  rate  in  the  range 

w  50-80  inches  per  minute. 
The  welding  gun  directs  a  substantially  conical 

laser  beam  toward  the  assembly.  The  beam  is 
truncated  by  its  intersection  with  the  housing  so 
that  it  has  a  diameter  of  approximately  .030-.040 

rs  inches  there,  or  another  dimension  suitable  for 
welding  the  metal.  The  distance  from  the  apex  of 
the  beam  to  its  plane  of  contact  with  the  first  sheet, 
a  region  called  the  focal  region,  is  located  on  the 
first  sheet  and  at  a  distance  from  edge  32  such 

20  that  the  weld  nugget  50  produced  by  the  welding 
process  has  a  length  approximately  equal  to,  or 
somewhat  greater  than,  the  thickness  of  the  impel- 
ler  housing  or  converter  cover.  By  controlling  the 
power  supplied  to  the  welder  and  the  speed  of 

25  movement  of  the  first  and  second  sheets  with  re- 
spect  to  the  welding  beam,  the  end  of  weld  nugget 
50  is  located  in  the  second  sheet  and  the  nugget 
extends  into  the  first  sheet  as  shown  in  Figures  5 
and  6. 

30  If  the  angle  of  incidence  of  the  welding  beam 
with  respect  to  the  datum  plane  is  low,  the  welding 
beam  first  contacts  edge  32,  but  if  the  angle  of 
incidence  is  relatively  large,  the  welding  beam  first 
contacts  the  outer  surface  52  of  sheet  34.  In  either 

35  instance,  the  focal  point  of  the  welding  beam  is 
located  on  sheet  34  between  the  inner  surface  38 
and  the  mean  thickness  of  sheet  34,  preferably  at  a 
point  approximately  one-third  of  the  distance  from 
surface  38  to  surface  52.  Locating  the  focal  point  in 

40  this  way  -assures  the  material  of  sheet  34  in  the 
vicinity  of  surface  38  has  a  higher  temperature  than 
the  material  adjacent  surface  52.  Furthermore,  a 
temperature  gradient  B  is  established  through  the 
thickness  of  the  first  sheet  and  a  temperature  gra- 

45  dient  C  will  be  established  through  the  thickness  of 
the  second  sheet  36.  The  welding  beam  raises 
substantially,  but  locally,  the  average  temperature 
of  the  first  and  second  sheets,  thereby  increasing 
their  thicknesses  and  reducing  the  width  of  the 

so  initial  gap.  Moreover,  because  the  outer  surface  of 
the  first  sheet  has  a  lower  temperature  than  its 
inner  surface  in  the  weld  vicinity,  the  tendency  of 
the  first  sheet  to  expand  circumferentially  and  to 
move  radially  outward  from  its  initial  position  before 

55  heating  is  restrained  by  the  effect  of  a  thermal 
bending  moment  MT1  tending  to  cause  bending 
through  the  thickness  of  the  first  sheet.  Figure  5 
shows  the  direction  sense  of  this  bending  moment. 

26  extending  along  the  length  of  the  torque  con- 
verter  parallel  to  the  engine  shaft  and  perpendicular 
to  a  transverse  axis  28.  Following  assembly,  the 
torque  converter  is  substantially  symmetric  about 
axis  26. 

An  impeller  housing  30  is  carried  on  an  impel- 
ler  shaft  and  contains  multiple  impeller  blades  31 
spaced  from  one  another  angularly  about  axis  26. 
The  impeller  blades  are  fixed  mechanically  to  the 
impeller  housing  so  that  the  blades  and  the  hous- 
ing  rotate  as  a  unit  about  the  longitudinal  axis. 

A  reactor  assembly  includes  multiple  stator 
blades  37  connected  to  the  outer  member  39  of  a 
one-way  clutch  41,  whose  inner  member  43  is 
adapted  to  be  assembled  to  the  outer  surface  of  a 
transmission  input  shaft  (not  shown),  whereby  a 
one-way  driving  connection  is  made  by  the  clutch 
41  to  the  input  shaft. 

The  impeller  housing  and  torque  converter  cov- 
er  are  overlapped  and  joined  by  a  weld  45  that 
extends  around  the  periphery  of  the  housing  and 
cover,  thereby  forming  a  seam  that  seals  the  space 
within  the  housing  and  cover  assembly  and  pre- 
vents  the  flow  of  hydraulic  fluid  past  the  weld. 

Figure  2  shows  the  impeller  housing  is  located 
radially  outward  of  the  converter  cover  in  the  vi- 
cinity  of  the  lap  joint  where  the  weld  is  made. 

Figures  3  and  4  show  in  greater  detail  the 
configuration  of  the  lap  joint  at  the  weld  seam.  The 
impeller  housing  defines  a  first  sheet  34  having  a 
uniform  thickness  terminating  at  an  edge  32  sub- 
stantially  perpendicular  to  the  plane  of  the  first 
sheet.  The  converter  cover  defines  a  second  sheet 
36  located  radially  inward  from  the  first  sheet, 
overlapped  by  the  first  sheet  in  the  vicinity  of  the 
weld  and  having  a  substantially  planar,  uniform,  but 
reduced  thickness  in  comparison  to  other  portions 
of  the  cover.  These  figures  show  three  locations  for 
the  housing  and  the  cover.  Two  of  the  locations 
represent  the  position  of  the  housing  and  cover  at 
the  extremities  of  the  tolerances.  The  third  location, 
between  the  extremities,  represents  the  nominal 
tolerance  position  of  the  housing  and  cover.  A  gap 
A  between  the  sheets  is  a  maximum  when  the 
radially  innermost  surface  38  of  the  first  sheet  is 
located  at  the  maximum  tolerance  position  and  the 
outer  surface  40  of  the  second  sheet  is  located  at 
the  minimum  tolerance  position.  The  edge  may 
include  a  corner  relief  46  to  facilitate  assembly  by 
inserting  the  cover  within  the  housing  to  produce 
the  lap  joint. 

The  relative  positions  of  the  impeller  housing 
and  converter  cover  shown  in  Figures  3  and  4  are 
held  in  position  by  fixing  these  components  to  rigid 
tooling  throughout  the  welding  process.  The  tooling 
permits  rotation  of  the  entire  assembly  about  axis 
26  with  respect  to  a  welding  beam  48  directed  at 
the  first  sheet  and  having  an  angle  of  inclination 
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2.  The  method  of  claim  1  wherein  locating  the 
focal  point  of  the  welding  beam  includes  locating 
said  focal  point  between  the  inner  surface  of  the 
first  sheet  and  the  midplane  of  the  first  sheet  and 

5  at  a  distance  from  said  edge  so  that  the  weld 
nugget  produced  is  approximately  equal  to  the  wall 
thickness  of  the  first  sheet  or  second  sheet. 

3.  The  method  of  claim  1  wherein  locating  the 
focal  point  of  the  welding  beam  includes  locating 

io  said  focal  point  between  the  inner  surface  of  the 
first  sheet  and  the  midplane  of  the  first  sheet. 

4.  The  method  of  claim  1  wherein  locating  the 
focal  point  of  the  welding  beam  includes  locating 
said  focal  point  approximately  one-half  of  the  dis- 

75  tance  from  the  inner  surface  of  the  first  sheet  and 
the  midplane  of  the  first  sheet. 

5.  The  method  of  claim  1  further  comprising 
moving  the  sheets  with  respect  to  the  welding 
beam  while  maintaining  the  relative  positions  of  the 

20  sheets,  thereby  welding  the  sheets  along  a  length. 
6.  The  method  of  claim  1  further  comprising 

rotating  the  sheets  with  respect  to  the  welding 
beam  about  an  axis  while  maintaining  the  relative 
positions  of  the  sheets,  thereby  welding  the  sheets 

25  along  a  length. 
7.  The  method  of  claim  1  wherein  the  welding 

beam  is  produced  by  a  welder  supplied  with  elec- 
tric  power  in  the  range  5-15  kilowatts. 

8.  The  method  of  claim  1  wherein  said  shallow 
30  angle  is  in  the  range  10-45  degrees. 

9.  The  method  of  claim  1  wherein  the  focal 
point  of  the  welding  beam  is  located  on  the  first 
sheet  a  sufficient  distance  from  said  edge  that  the 
length  of  a  weld  nugget  produced  when  viewed  in 

35  a  direction  substantially  perpendicular  to  the  length 
of  the  seam  is  equal  to  or  greater  than  the  thick- 
ness  of  the  first  sheet  or  second  sheet  at  the 
overlap. 

10.  The  method  of  claim  1  wherein  the  weld  is 
40  made  without  filler  material. 

11.  The  method  of  claim  5  wherein  the  sheets 
are  moved  with  respect  to  the  welding  beam  at  a 
rate  in  the  range  50-80  inches  per  minute. 

12.  A  torque  converter  for  an  automotive  auto- 
45  matic  transmission  comprising: 

an  impeller  housing  defining  a  first  sheet  having  an 
edge  extending  around  the  periphery  of  the  hous- 
ing; 
a  casing  defining  a  second  sheet  extending  toward 

so  the  first  sheet  and  overlapping  the  first  sheet;  and 
a  weld  connecting  the  first  and  second  sheets 
made  in  accordance  with  the  method  of  claim  1  . 

13.  The  torque  converter  of  claim  12  further 
comprising  rotating  the  sheets  with  respect  to  the 

55  welding  beam  about  an  axis  while  maintaining  the 
relative  positions  of  the  sheets,  thereby  welding  the 
sheets  along  a  length. 

The  bending  moment  induced  by  heating  sheet  34 
and  locating  the  focal  point  as  described  above 
prevents  as  much  radial  expansion  of  the  first 
sheet  as  would  occur  if  the  temperature  gradient  B 
did  not  exist.  If  the  focal  point  were  located  in  the 
vicinity  of  the  mean  thickness  of  the  first  sheet, 
gradient  B  would  be  substantially  less,  i.e.,  the 
temperature  through  the  thickness  of  the  first  sheet 
would  be  more  uniform  and  more  nearly  symmetric 
about  the  mid-plane  of  sheet  34,  the  corresponding 
thermal  moment  would  be  lower,  and  radial  expan- 
sion  of  the  first  sheet  away  from  the  second  sheet 
would  be  greater. 

Similarly,  temperature  gradient  C  through  the 
thickness  of  the  second  sheet  36  induces  a  thermal 
bending  moment  mTZ  in  the  second  sheet,  as 
shown  in  Figure  6,  tending  to  increase  radial  ex- 
pansion  toward  first  sheet  34  and  gap  A  in  com- 
parison  to  the  radial  expansion  that  would  result  if 
gradient  C  were  absent. 

Therefore,  the  increase  in  mean  temperature 
near  the  weld  of  the  first  and  second  sheets,  and 
presence  of  the  thermal  bending  moments  induced 
in  the  first  sheet  and  second  sheet  combine  to 
reduce,  and  preferably  to  eliminate,  the  gap  that 
exists  before  welding  begins  between  the  first  and 
second  sheets. 

The  seam  around  the  periphery  of  the  impeller 
housing  is  produced  by  slowly  rotating  or  otherwise 
moving  the  first  and  second  sheets  relative  to  the 
welding  beam  at  a  rate  of  approximately  50-80 
inches  per  minute.  In  this  way,  molten  metal  pro- 
duced  in  the  first  and  second  sheets  by  the  weld- 
ing  beam  fuse  and  complete  the  weld  along  the 
entire  seam.  The  welded  nugget  produced  by  this 
process  is  directed  substantially  parallel  to  the  axis 
of  the  welding  beam  and  has  the  configuration 
shown  in  Figures  3  and  4. 

Claims 

1.  A  method  for  welding  first  and  second 
sheets  having  a  gap  between  the  sheets  before 
welding,  comprising  the  steps  of: 
arranging  the  sheets  so  that  the  first  sheet  overlaps 
the  second  sheet  and  defines  an  edge  located  near 
the  overlap  and  directed  at  a  large  angle  relative  to 
the  first  sheet  or  second  sheet; 
directing  a  welding  beam  at  the  first  sheet  toward 
said  edge  at  a  relatively  shallow  angle  with  respect 
to  the  plane  of  the  first  sheet  in  the  vicinity  of  the 
overlap; 
locating  the  focal  point  of  the  welding  beam  on  the 
first  sheet;  and 
heating  the  sheets  with  the  welding  beam  so  that 
thermal  expansion  of  the  sheets  reduces  the  gap 
and  welds  the  sheets. 
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25.  The  method  of  claim  19  wherein  the  sheets 
are  moved  with  respect  to  the  welding  beam  at  a 
rate  in  the  range  50-80  inches  per  minute. 

26.  A  torque  converter  for  an  automotive  auto- 
matic  transmission  comprising: 
an  impeller  housing  defining  a  first  sheet; 
a  casing  defining  a  second  sheet  and  overlapping 
the  first  sheet;  and 
a  weld  connecting  the  first  and  second  sheets 
made  in  accordance  with  the  method  of  claim  1  6. 

27.  The  torque  converter  of  claim  26  further 
comprising  rotating  the  sheets  with  respect  to  the 
welding  beam  about  an  axis  while  maintaining  the 
relative  positions  of  the  sheets,  thereby  welding  the 
sheets  along  a  length. 

28.  The  torque  converter  of  claim  26  wherein 
the  focal  point  of  the  welding  beam  is  located  on 
the  first  sheet  and  the  length  of  a  weld  nugget 
produced  when  viewed  in  a  direction  substantially 
perpendicular  to  the  length  of  the  seam  is  equal  to 
or  greater  than  the  thickness  of  the  first  sheet  or 
second  sheet  at  the  overlap. 

29.  The  torque  converter  of  claim  26  wherein 
locating  the  focal  point  of  the  welding  beam  in- 
cludes  locating  said  focal  point  between  the  inner 
surface  of  the  first  sheet  and  the  midplane  of  the 
first  sheet. 

14.  The  torque  converter  of  claim  12  wherein 
the  focal  point  of  the  welding  beam  is  located  on 
the  first  sheet  a  sufficient  distance  from  said  edge 
that  the  length  of  the  weld  nugget  produced  when 
viewed  in  a  direction  substantially  perpendicular  to  5 
the  length  of  the  seam  is  equal  to  or  greater  than 
the  thickness  of  the  first  sheet  or  second  sheet  at 
the  overlap. 

15.  The  torque  converter  of  claim  9  wherein 
locating  the  focal  point  of  the  welding  beam  in-  w 
eludes  locating  said  focal  point  between  the  inner 
surface  of  the  first  sheet  and  the  midplane  of  the 
first  sheet. 

16.  A  method  for  welding  first  and  second 
sheets  having  a  gap  between  the  sheets  before  75 
welding,  comprising  the  steps  of: 
arranging  the  sheets  so  that  the  first  sheet  overlaps 
the  second  sheet; 
directing  a  welding  beam  at  the  first  sheet  at  a 
relatively  shallow  angle  with  respect  to  the  plane  of  20 
the  first  sheet  in  the  vicinity  of  the  overlap; 
locating  the  focal  point  of  the  welding  beam  on  the 
first  sheet;  and 
heating  the  sheets  with  the  welding  beam  so  that 
thermal  expansion  of  the  sheets  reduces  the  gap  25 
and  welds  the  sheets. 

17.  The  method  of  claim  16  wherein  locating 
the  focal  point  of  the  welding  beam  includes  locat- 
ing  said  focal  point  between  the  inner  surface  of 
the  first  sheet  and  the  midplane  of  the  first  sheet.  30 

18.  The  method  of  claim  16  wherein  locating 
the  focal  point  of  the  welding  beam  includes  locat- 
ing  said  focal  point  approximately  one-half  of  the 
distance  from  the  inner  surface  of  the  first  sheet 
and  the  midplane  of  the  first  sheet.  35 

19.  The  method  of  claim  16  further  comprising 
moving  the  sheets  with  respect  to  the  welding 
beam  while  maintaining  the  relative  positions  of  the 
sheets,  thereby  welding  the  sheets  along  a  length. 

20.  The  method  of  claim  16  further  comprising  40 
rotating  the  sheets  with  respect  to  the  welding 
beam  about  an  axis  while  maintaining  the  relative 
positions  of  the  sheets,  thereby  welding  the  sheets 
along  a  length. 

21.  The  method  of  claim  16  wherein  the  weld-  45 
ing  beam  is  produced  by  a  welder  supplied  with 
electric  power  in  the  range  5-15  kilowatts. 

22.  The  method  of  claim  16  wherein  said  shal- 
low  angle  is  in  the  range  10-45  degrees. 

23.  The  method  of  claim  16  wherein  the  focal  50 
point  of  the  welding  beam  is  located  on  the  first 
sheet  and  the  length  of  a  weld  nugget  produced 
when  viewed  in  a  direction  substantially  perpen- 
dicular  to  the  length  of  the  seam  is  equal  to  or 
greater  than  the  thickness  of  the  first  sheet  or  55 
second  sheet  at  the  overlap. 

24.  The  method  of  claim  16  wherein  the  weld 
is  made  without  filler  material. 



EP  0  342  348  A1 

• e   s z -  

i z  

J f y . 2  



EP  0  342  348  A1 

S i p   3 V ]   S 0 >   3 - )   3 0 - }  

W - )  

I B  
2  

h J  

2 1 ,   S i r )   * * ) * * >   * 1  

/ &  

3 G  

3 S \  

o   c  

MT1  M T 2  

■ z e  



J »  European  Patent 
Office 

Application  number 
EUROPEAN  SEARCH  REPORT 

EP  8 9 1 0 6 1 9 0 . 5  DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
CLASSIFICATION  OF  THE 
APPLICATION  (Int.  CM  ) 

Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim Category 

B  23  K  2 6 / 0 0  
F  16  H  4 1 / 2 8  

DE  -  Al  -  3  630  8 8 9  
(KRUPP) 

*  F i g .   2  * 

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI.4) 

B  23  K  1 5 / 0 0  
B  23  K  2 6 / 0 0  
F  16  H  4 1 / 0 0  

The  present  search  report  has  been  drawn  up  for  all  claims 

Examiner 
BENCZE 

Date  of  completion  of  the  search 
1 0 - 0 7 - 1 9 8 9  

Place  of  search 
VIENNA 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on.  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 

CATEGORY  OF  CITED  DOCUMENTS 

particularly  relevant  if  taken  alone 
particularly  relevant  if  combined  with  another 
document  of  the  same  category 
technological  background 
non-written  disclosure 
intermediate  document 

3 
8 


	bibliography
	description
	claims
	drawings
	search report

