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Description 

This  invention  relates  to  methods  of  welding  coated  metals  such  as  steel  coated  with  zinc,  and  to 
apparatus  for  welding  such  coated  metals.  More  particularly,  but  not  exclusively,  this  invention  relates  to 

5  processes  for  welding  galvanized  sheet  steel  as  an  integral  step  in  the  manufacture  of  various  products, 
such  as  automobile  body  shells. 

The  use  of  welding  in  a  wide  variety  of  manufacturing  processes  is  very  familiar  in  industry.  Typical 
equipment  for  performing  one  such  process  comprises,  in  addition  to  the  workpieces  to  be  welded,  a  blow 
torch  with  a  supply  of  gas  that  can  be  regulated  to  provide  a  controllable  heat  source  and,  for  some  kinds  of 

io  welding,  an  appropriate  welding  flux.  The  difficulties  of  controlling  accurately  the  heat  source  in  this  process 
together  with  the  inconvenience  of  having  to  make  use  of  a  suitable  flux  produce  considerable  limitations  on 
the  quality  and  neatness  of  a  resulting  weld.  For  these  reasons,  conventional  gas  welding  processes  have 
been  largely  superseded  in  many  instances  by  laser  welding  processes,  usually  employing  CO2  lasers 
which  can  serve  as  accurately  focused  and  well  controlled  heat  sources.  Additionally,  the  use  of  a  laser  in  a 

15  welding  process  enables  the  use  of  a  welding  flux  to  be  dispensed  with  and  this  leads  to  very  firm,  sound 
and  neat  welds  in  the  finished  product.  There  are  additional  advantages  in  that  smooth,  efficient,  accurate 
and  swift  processing  can  be  achieved. 

Steel  sheets  are  often  purchased  as  a  processing  material  already  coated  with  zinc  to  prevent 
corrosion.  A  basic  difficulty  arises  when  attempts  are  made  to  weld  such  galvanized  steel  sheets,  especially 

20  when  a  laser  welding  process  is  to  be  employed. 
Galvanized  steel  may  be  produced  by  one  of  the  following  methods:  spraying  a  steel  surface  with 

molten  zinc,  electrolytic  deposition  of  zinc  on  steel,  heating  steel  in  contact  with  zinc  dust,  and  dipping  steel 
into  molten  zinc.  The  zinc  coated  surface  of  the  steel,  when  exposed  to  air,  acquires  a  coherent  inert  oxide 
layer  which  prevents  the  steel  from  corroding.  If  the  zinc  layer  on  the  surface  of  the  steel  is  broken,  some 

25  protection  against  corrosion  is  still  obtained,  as  zinc  is  more  electropositive  than  iron  and  the  first  stage  of 
oxidation  of  zinc 

Zn  -  Zn++  +  2e- 

30  occurs  in  preference  to  that  of  iron 

Fe  -  Fe++  +  2e~ 

It  is  for  these  reasons  that  galvanized  steel  is  used  extensively  in  industry.  However,  industrial 
35  production  processes  frequently  require  the  lap  welding  of  steel  sheets,  and,  when  galvanized  steel  sheets 

are  used,  the  welding  process  has  to  cope  with  the  layers  of  zinc  between  the  steel  substrates.  Special 
difficulties  arise  with  such  sheets  when  welding  by  the  use  of  a  high-energy  beam  such  as  an  electron 
beam  or  a  laser  beam.  This  is  because  zinc  boils  at  a  temperature  of  about  907  °C,  but  steels  melt  at 
somewhat  higher  temperatures  of  about  1372°C,  leading  to  explosive  vaporization  of  the  zinc  layers 

40  sandwiched  between  the  steel  substrates  of  the  sheets  and  consequent  irregular  distribution  of  (and  loss  of 
material  from)  the  weld  puddle  of  molten  steel  produced  by  the  high-energy  beam  where  it  impinges  on  the 
sheets.  The  resulting  weld  is,  in  consequence,  likely  to  suffer  from  voids  and  porosity  and  to  be  of  poor 
quality. 

One  possibility  for  overcoming  this  problem  is  to  machine  the  zinc  coating  off  the  steel  sheet.  This 
45  suffers  from  the  disadvantages  of  being  costly,  time  consuming  and  labour-intensive.  Also  there  could  be 

regions  where  the  zinc  coating  is  imperfectly  removed  by  machining;  inevitably  problems  would  then  be 
produced. 

Another  possibility  is  to  follow  the  procedures  suggested  by  the  Ford  Motor  Company  in  their  U.S. 
Patent  No.  3,969,604.  This  describes  a  method  of  welding  galvanized  steel,  using  a  high-energy  welding 

50  beam,  which  attempts  to  prevent  rapid  vaporization  of  the  zinc  coating  so  as  to  avoid  disrupting  the  weld 
puddle.  In  connection  with  the  use  of  electron  or  laser  beam  welding  with  a  power  density  of  6200  W/mm2, 
the  patent  proposed  painting  the  galvanized  steel  workpieces,  in  the  area  adjacent  the  weld  zone,  with  a 
coating  of  a  flux  material  such  as  iron  oxide  which,  on  heating,  forms  with  the  zinc  coating  a  compound 
having  a  vapour  pressure  equal  to  or  lower  than  that  of  the  steel  substrate.  It  is  claimed  that  explosive 

55  vaporisation  of  the  zinc  and  consequent  disruption  of  the  weld  puddle  are  thus  prevented,  and  that  the 
problem  of  voids  or  porosity  of  the  weld  is  thereby  overcome. 

This  suggested  process  is,  however,  subject  to  drawbacks.  One  is  that  the  use  of  an  additional  flux 
material  has  the  effect  of  making  the  fine  control  of  the  process  difficult,  under  industrial  manufacturing 
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conditions.  By  contrast,  a  purely  physical  procedure  without  essentially  chemical  involvement  is  more  likely 
to  be  suitable  for  a  manufacturing  process. 

It  is  a  principal  object  of  the  present  invention  to  provide  a  method  of  welding  coated  metals,  such  as 
zinc-coated  (galvanized)  steel  sheets,  and  apparatus  for  welding  such  metals,  which  overcome  the 

5  disadvantages  as  described  above  for  the  known  procedures. 
Accordingly,  one  aspect  of  the  present  invention  provides  a  method  of  welding  together  two  overlapping 

metal  workpieces,  at  least  one  of  which  has  thereon  a  coating  material  which  enters  a  fluid  or  visco-elastic 
phase  at  a  lower  temperature  than  the  melting  temperature  of  the  workpieces,  the  method  comprising  the 
steps  of  subjecting  the  workpieces  to  a  preliminary  preparative  treatment  at  a  zone  of  their  overlap  to  be 

io  welded  and  thereafter  applying  sufficient  heat  to  the  workpieces  at  the  weld  zone  to  effect  there  the  welding 
together  thereof,  characterised  in  that  the  preliminary  preparative  treatment  comprises  preheating  the 
workpieces  at  their  overlap  to  the  said  lower  temperature  and  pressing  them  together,  at  the  zone  to  be 
welded,  with  a  force  sufficiently  great  to  expel  coating  material  from  between  the  workpieces  at  the  weld 
zone. 

is  In  most  instances,  probably,  the  preheating  will  be  carried  to  a  temperature  at  which  the  coating 
material  in  the  weld  zone  liquifies;  but  there  are  some  potentially  useful  coating  materials,  such  as  some 
alloys  of  zinc,  in  which  preheating  to  the  fully  molten  liquid  state  is  unnecessary  because  that  state  is 
preceded  at  a  lower  temperature  by  an  acceptable  "visco-elastic"  state  in  which  the  material  assumes  a 
consistency  resembling  that  of  butter  or  putty  which  allows  it  to  be  expelled  by  the  application  of  pressure 

20  from  between  two  coated  workpieces. 
According  to  a  further  aspect  of  the  invention  there  is  provided  welding  apparatus  for  carrying  out  the 

method  of  the  invention,  such  apparatus  comprising  pretreatment  means,  welding  means,  and  means 
facilitating  the  transport  of  overlapping  workpieces  to  be  welded  from  the  pretreatment  means  to  the 
welding  means,  wherein  the  welding  means  comprises  means  for  heating  the  workpieces  to  a  welding 

25  temperature  at  a  zone  of  their  overlap  to  be  welded,  characterised  in  that  the  pretreatment  means 
comprises  means  adapted  to  heat  the  workpieces  at  their  overlap  to  a  lower  temperature  and  means  for 
pressing  the  workpieces  together. 

The  preheating  step  in  the  method  provided  by  the  invention  may  be  effected  in  various  ways.  Rollers 
or  other  means  by  which  pressure  is  applied  to  the  workpieces  to  expel  coating  material  from  between 

30  them  may  be  made  to  serve  as  electrodes  for  passing  a  resistive-heating  electric  current  through  the 
workpieces  to  effect  the  preheating,  or  a  high-energy  beam  such  as  a  laser  beam  may  be  used,  both  for  the 
preheating  step  and  for  the  heating  by  which  the  actual  welding  is  subsequently  effected.  In  particular,  if  the 
further  heating  by  means  of  which  welding  is  effected  is  applied  by  means  of  a  high-energy  laser  beam,  the 
beam  may  be  split  into  major  and  minor  parts,  with  the  minor  part  being  diverted  to  effect  the  preheating 

35  and  the  major  part,  of  greater  power,  being  used  to  effect  the  weld  at  the  weld  zone. 
It  is  within  the  scope  of  the  invention  to  allow  sufficient  cooling  of  the  workpieces  to  occur,  between  the 

preliminary  pretreatment  step  and  the  actual  welding  step,  that  any  unexpelled  residue  of  the  coating 
material  within  the  zone  to  be  welded,  as  well  as  adjacent  unexpelled  coating  material  which  has  been 
liquified  or  softened  by  the  preliminary  treatment,  may  return  to  its  solid  state  and  may,  indeed,  have  the 

40  effect  of  soldering  the  workpieces  together  prior  to  being  reheated  during  the  actual  welding  step. 
It  will  be  understood  that  the  welding  process  according  to  the  invention  lends  itself  to  operation  on  a 

continuous  basis,  though  it  may  also  be  performed  on  individual  workpieces. 
It  will  be  appreciated  that  the  welding  process  of  this  invention  particularly  lends  itself  to  the  lap  welding 

of  galvanised  steel  sheets.  In  such  a  case,  the  preheating  should  raise  the  sheet  temperature  to  about  the 
45  melting  point  of  zinc,  to  ensure  substantially  all  the  zinc  is  squeezed  out  of  the  overlapping  sheet  regions  to 

be  welded  together. 
A  laser,  such  as  CO2  laser,  may  be  considered  a  preferred  means  of  providing  the  heating  in  the  actual 

welding  step,  for  such  a  heat  source  gives  accurate,  clean  and  controlled  heating  to  effect  welding  of  the 
workpieces.  The  apparatus  most  preferably  includes  pressure  means,  adapted  to  urge  the  two  workpieces 

50  into  engagement  with  one  another  immediately  after  the  workpieces  have  been  heated  to  the  welding 
temperature,  to  ensure  that  a  sound  and  homogenous  weld  is  completed. 

It  will  be  appreciated  that  in  performing  the  process  of  this  invention,  no  additional  flux  material  need  be 
employed.  The  act  of  squeezing  out  the  coating  material  (such  as  the  zinc  in  the  case  of  galvanised  steel 
sheets)  from  the  weld  zone  protects  that  weld  zone  during  the  subsequent  welding  step.  In  addition  to  lap 

55  seams,  continuous  butt  welds  may  be  formed  by  the  process. 
In  order  that  the  invention  may  better  be  understood,  it  will  now  be  described  in  greater  detail, 

reference  being  made  to  the  accompanying  drawings,  in  which:- 
Figure  1  is  a  diagrammatic  view  of  a  continuous  lap  welding  apparatus  of  this  invention; 

3 
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Figure  2  is  a  similar  view  of  a  lap  welding  apparatus  similar  to  that  shown  in  Figure  1  but  incorporating 
some  modification; 
Figure  3  is  a  plot  of  applied  force  against  the  percentage  of  zinc  expected  to  be  removed,  when  welding 
galvanized  steel  sheets  by  the  method  of  the  invention; 

5  Figure  4  shows  corresponding  plots  relating  to  the  results  of  certain  experimental  results  obtained  in 
relation  to  the  method  of  this  invention; 
Figures  5  and  6  are  photographs  of  sample  welds;  and 
Figure  7  is  a  diagrammatic  cross-section  through  a  weld  completed  in  accordance  with  this  invention. 
The  embodiment  of  apparatus  of  this  invention  for  performing  a  welding  process  also  of  this  invention 

io  and  illustrated  in  Figure  1  is  intended  to  effect  continuous  lap  welding  on  two  zinc-coated  (galvanized)  steel 
workpieces.  The  apparatus  includes  a  base  11  supporting  a  worktable  12  and  upstanding  arms  13  and  14  in 
which  are  journalled  shafts  15  and  16  of  two  worktable  rollers  17  and  18  which  extend  upwardly  through 
respective  slots  19  and  20  in  the  worktable  so  as  to  project  slightly  proud  of  its  upper  surface.  The  arms  13 
are  formed  with  slots  21  in  which  are  vertically  slidably  mounted  journal  blocks  22  which  are  downwardly 

is  spring-urged  by  springs  23  and  have  journalled  in  them  a  shaft  24  of  a  pressure  roller  25  which  is  thus 
spring-urged  towards  the  roller  17  to  define  a  pressure  nip  between  those  two  rollers.  A  further  pressure 
roller  26,  similarly  spring-urged  towards  the  roller  18  and  defining  therewith  a  further  pressure  nip,  is  carried 
on  a  shaft  27  journalled  in  blocks  28  slidably  mounted  in  slots  29  of  the  arms  14  and  urged  downwardly  by 
springs  30.  A  suitable  current  source  (not  shown)  is  connected  to  the  rollers  17  and  25  as  indicated 

20  schematically  by  brushes  31  and  32,  whereby  an  electric  current  may  be  passed  through  the  superimposed 
workpieces,  33  and  34,  as  they  are  advanced  together  through  the  nip  between  rollers  17  and  25,  in  the 
direction  of  arrow  A.  A  CO2  laser  35  is  positioned  to  direct  a  focused  beam  36  on  to  a  weld  zone  37  of  the 
workpieces  as  they  progress  between  the  rollers  17  and  18. 

The  apparatus  is  operated  by  first  ensuring  that  the  workpieces  33  and  34  travel  smoothly  over  the 
25  guiding  worktable  12  and  worktable  rollers  17  and  18  and  through  the  pressure  roller  nips  in  a  continuous 

way,  at  a  suitable  horizontal  speed.  The  pressure  of  the  upper  roller  25  is  adjusted,  by  means  not  shown,  to 
a  sufficiently  high  value.  An  appropriate  current  is  selected,  having  regard  to  the  horizontal  travel  speed  of 
the  workpieces,  for  passing  through  the  workpieces  at  the  nip  between  the  rollers  17  and  25,  to  ensure  a 
preheating  of  the  workpieces  sufficient  to  melt  their  zinc  coatings.  The  welding  laser  19  is  meanwhile 

30  adjusted  to  be  capable  of  performing  a  continuous  welding  process  on  the  workpieces  33  and  34  at  the 
weld  zone  37. 

On  passing  between  the  pair  of  rollers  17  and  25,  the  zinc  on  the  workpieces  is  heated  and  squeezed 
out  of  that  area,  due  to  the  pressure  exerted  by  the  rollers,  to  be  reduced  to  a  level  where  any  remaining 
zinc  will  no  longer  present  a  problem  in  the  laser  welding  process.  The  laser  welding  then  proceeds  in  the 

35  usual  manner,  at  the  weld  zone  37,  and  the  welded  workpieces  are  guided  away  through  the  nip  between 
the  rollers  18  and  26  which  apply  pressure  to  hold  the  sheets  in  their  correct  relationship  as  the  weld 
between  them  solidifies. 

It  will  be  understood  that  the  means  by  which  the  preheating  is  achieved  is  not  a  critical  feature  of  the 
invention.  For  example,  instead  of  using  electrical  resistive  heating  as  described  above  with  reference  to 

40  Figure  1,  there  could  be  provided  in  advance  of  the  rollers  17  and  25,  as  shown  in  broken  line,  a  further 
laser  38  of  lower  power  than  the  laser  35  but  sufficient,  when  incident  on  the  sheet  34,  to  provide  the 
required  degree  of  pre-heating  to  melt  the  zinc  coatings  locally  between  the  two  sheets  33  and  34.  In  that 
case  the  rollers  17  and  25  do  not  provide  the  preheating,  but  only  the  pressure  by  which  the  molten  zinc, 
along  a  line  traced  with  respect  to  the  sheets  33  and  34  as  they  pass  under  the  laser  38,  is  squeezed  out 

45  from  between  the  sheets  as  the  rollers  press  them  together  and  slightly  deform  them  towards  and  into 
contact  with  one  another  along  that  line. 

Instead  of  providing  a  separate  laser  38  for  effecting  the  preheating,  a  practical  alternative  may  be  to 
split  the  output  of  the  laser  35  by  means  not  shown  into  a  major  beam  which  then  serves  as  the  welding 
beam  36  and  a  minor  beam  which  is  directed  on  to  the  sheet  34  ahead  of  the  rollers  17  and  25  to  effect  the 

50  preheating. 
It  will  be  appreciated  that  the  process  described  above  in  various  modifications  allows  the  rapid  welding 

of  galvanized  steel  sheets  in  a  continuous  manner.  The  preliminary  pretreatment  in  accordance  with  the 
invention  compares  favourably  with  a  mechanical  machining  process  to  remove  zinc,  which  would  be 
difficult  to  carry  out  continuously  and  to  combine  with  a  continuous  welding  operation,  and  which  in  any 

55  event  would  be  time-consuming,  liable  to  be  erratic,  labour-intensive  and  thus  expensive.  By  contrast,  the 
pretreatment  step  according  to  the  invention  is  entirely  based  on  physical  processes  which  can  be  easily 
carried  out  in  a  smooth,  controlled  and  accurate  manner,  and  without  the  need  for  addition  of  any  flux 
material.  The  process  according  to  the  invention  is  thus  rapid,  smooth,  efficient  and  economical,  compared 

4 
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to  known  processes  for  welding  such  sheets. 
A  further  modification  of  apparatus  for  welding  in  accordance  with  the  invention  is  illustrated  in  Figure  2, 

in  which  the  pair  of  rollers  17  and  25  is  omitted  and  there  are  provided  instead  a  fixed  elongate  electrode 
39  which  projects  slightly  through  the  slot  19  of  the  worktable  12  for  sliding  contact  with  the  sheet  33  and  a 

5  movable  elongate  electrode  40  which  is  reciprocable  vertically,  by  means  not  shown  but  as  indicated  by  the 
double-headed  arrow  B,  into  and  out  of  a  lower  position  in  which  the  sheets  33  and  34  to  be  welded  are 
clamped  between  it  and  the  fixed  electrode  39.  Essentially  the  electrodes  39  and  40  resemble  those  of  a 
spot  welding  machine  and  are  controlled  in  a  similar  manner:  while  they  clamp  the  sheets  33  and  34 
between  them  a  heating  current  source  is  connected  to  them  to  pass  a  heating  current  through  the  sheets 

io  33  and  34.  In  this  context,  however,  the  heating  current  is  chosen  to  be  sufficient  to  melt  the  zinc  coating  of 
the  sheets,  locally  between  the  electrodes,  but  insufficient  to  melt  the  steel  of  the  sheets  and  thus  weld 
them  together.  The  sheets  33  and  34  in  this  instance  are  advanced  step-wise,  with  alternating  stationary 
periods  and  periods  of  workpiece  advance.  During  each  stationary  period  the  sheets  are  gripped  between 
the  electrodes  39  and  40,  the  preheating  current  passes  to  melt  the  zinc  coatings  between  the  sheets  and 

is  the  molten  zinc  is  expelled  locally  from  between  the  sheets  by  the  pressure  exerted  by  the  electrodes.  At 
the  end  of  each  such  stationary  period,  the  preheating  current  is  switched  off,  the  electrode  40  is  raised  to 
release  the  sheets  33  and  34,  and  these  are  then  advanced,  in  the  direction  of  the  arrow  A,  under  the  laser 
35  to  effect  welding  of  the  sheets. 

Various  weld  patterns  are  possible.  If  the  sheets  33  and  34  are  advanced  steadily  under  laser  35  while 
20  its  beam  37  is  switched  on,  a  continuous  weld  of  length  up  to  that  of  the  electrodes  39  and  40  may  be 

made,  and  if  the  successive  welds  made  in  successive  advance  periods  abut  one  another  an  effectively 
continuous  weld  of  indefinite  length  is  obtained.  On  the  other  hand,  if  the  laser  beam  36  is  allowed  to 
impinge  on  the  workpieces  during  only  a  small  part  of  each  advance  of  the  workpieces,  or  while  they  are 
stationary,  then  a  pattern  of  spaced-apart  spot-welds  will  result. 

25  The  process  of  the  present  invention  will  now  be  considered  in  greater  detail.  As  disclosed  above  in 
relation  to  galvanised  steel  sheets,  the  process  conduces  to  a  satisfactory  weld  by  preheating  the  region 
ahead  of  the  weld  zone  to  raise  it  to  a  temperature  high  enough  to  melt  the  zinc  sandwiched  between  the 
layers  of  steel  in  a  lap  weld,  whereby  the  heated  molten  zinc  layer  may  be  squeezed  out  of  the  region  to  be 
welded.  The  success  of  the  method  depends  on  the  ability  of  the  roller  nip  to  impose  sufficient  pressure  to 

30  reduce  the  amount  of  zinc  trapped  between  the  layers  of  steel  to  a  level  where  any  remaining  zinc  will  not 
interfere  with  the  welding  process  or  the  quality  of  the  resulting  weld.  It  may  prove  to  be  an  advantage  to 
use  as  large  a  keyhole  radius  as  possible  in  the  ensuing  laser  welding  step,  to  ensure  that  any  residual 
traces  of  zinc  vapour  are  ventilated  away,  thus  minimising  difficulties  in  the  weld  process. 

The  degree  to  which  zinc  trapped  between  the  two  layers  of  steel  can  be  expelled  when  molten  by 
35  applying  pressure  depends  on  the  thickness  of  the  zinc  layer,  the  degree  of  overlap  of  the  sheets  and  the 

speed  of  traverse  of  the  sheets.  For  a  lap  weld  of  1  cm  width  and  a  traverse  speed  of  1  cm  sec-1,  it  may 
be  calculated  (assuming  a  preheating  temperature  high  enough  to  melt  the  zinc  and  a  trapped  zinc 
thickness  of  0.01  cm)  that  expulsion  of  99%  of  the  trapped  zinc  requires  a  pressure-roller  force  of  the  order 
of  10G  dynes  whereas  to  remove  90%  of  the  zinc  requires  only,  approximately,  3  x  10*  dynes.  The 

40  calculated  relationships  between  applied  force  F  in  dynes  (up  to  5  x  103  dynes)  and  the  percentage  of  zinc 
expelled  are  shown  in  Figure  3  (for  a  lap  weld  overlap  of  1  cm)  by  curves  I  to  VI  for  traverse  speed  U 
through  the  rollers  and  thickness  H  of  the  sandwiched  zinc,  as  follows:- 

Curve  U  (cm  sec  1)  H  (cm) 

I  1.0  0.02 
II  1.0  0.01 
III  1.0  0.005 
IV  0.5  0.02 
V  0.5  0.01 
VI  0.5  0.005 

Figure  4  shows  corresponding  calculated  curves,  for  a  traverse  speed  U  equal  to  1  cm  sec-1,  in  respect 
of  lap  weld  overlaps  of  3mm  and  5mm  respectively,  and  the  hatched  area  between  the  two  curves  therefore 
represents  the  field  in  which  experimental  results  would  be  expected  to  fall  for  a  nominal  lap  weld  overlap 
of  4mm  with  a  tolerance  of  ±  1mm.  The  horizontal  bar  plots  of  Figure  4  represent  the  ranges  of 
experimentally  determined  percentage  expulsions  of  the  zinc  at  various  applied  pressure  forces  when 
carrying  out  the  preliminary  preparative  pre-heating  and  squeezing  step  according  to  the  invention  on 
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numerous  samples  with  such  a  lap  weld  width,  of  4mm  ±  1mm.  It  will  be  seen  that,  although  the 
correspondence  is  not  exact,  the  practical  results  resemble  the  theoretical  in  at  least  a  qualitative  way. 

Figure  5  and  6  are  photographic  views  of  two  welds  of  galvanised  1  mm-thick  steel  sheets,  the  weld  of 
Figure  5  having  been  made,  in  accordance  with  the  invention,  with  heat  and  pressure  pretreatment  to  expel 

5  sandwiched  zinc  from  the  weld  zone  as  shown  diagrammatically  in  the  sketch  sectional  view  of  Figure  7  (to 
which  further  reference  is  made  below)  and  the  weld  of  Figure  6  having  been  made  without  pretreatment  to 
remove  zinc  before  making  the  weld.  As  shown  in  Figure  7,  upper  and  lower  sheets  34  and  33  of 
galvanized  steel  have  been  laser-welded  by  exposing  the  upper  sheet  34  to  a  laser  beam  of  sufficient 
energy  to  melt  the  upper  sheet  locally  through  its  whole  thickness  and  to  melt  the  lower  sheet  at  least  part- 

io  way  through,  to  form  a  trough  41  filled  with  a  molten-metal  weld  puddle  which  then  solidifies  on  cooling  to 
form  a  weld  42.  The  desired  smooth  and  satisfactory  formation  of  the  weld  42  depends  on  the  molten  weld 
puddle  having  been  allowed  to  form  and  then  cool  without  disruption  by  explosive  vaporisation  of  trapped 
zinc;  and  this  is  achieved,  according  to  the  invention,  by  the  sheets  33  and  34  having  been  preheated  and 
pressed  together  along  their  zone  to  be  welded  so  that  the  surface  coating  of  zinc  43  sandwiched  between 

is  them  at  their  overlap  is  made  molten  and  squeezed  out  from  the  weld  zone  to  provide  a  substantially  zinc- 
free  contact  area  44  of  the  sheets  at  the  weld  zone.  The  typical  resulting  smooth  weld  42  is  shown  in  Figure 
5,  which  is  a  view  of  that  region  of  the  top  sheet  34  in  which  the  weld  is  formed  and  which  in  Figure  7 
extends  between  the  arrows  X  and  Y. 

Figure  6,  on  the  other  hand,  shows  a  weld  made  without  first  carrying  out  the  preliminary  preparative 
20  treatment  in  accordance  with  the  invention,  so  that  the  explosive  vaporisation  of  unremoved  sandwiched 

zinc,  when  it  is  abruptly  subjected  to  severe  heating  by  the  welding  laser  beam  as  the  beam  penetrates  to 
the  interface  between  the  two  sheets,  results  in  loss  of  weld  material  by  splattering  and,  generally,  in 
disruption  of  the  weld  puddle  and  prevention  of  the  formation  of  a  smooth  weld.  This  results  in  the  formation 
of  a  weld  which  is  marred  by  porosity  and  by  the  presence  of  large  scale  voids  which  are  seen  as  dark 

25  patches  in  Figure  6. 

Claims 

1.  A  method  of  welding  together  two  overlapping  metal  workpieces,  at  least  one  of  which  has  thereon  a 
30  coating  material  (43)  which  enters  a  fluid  or  visco-elastic  phase  at  a  temperature  below  the  melting 

temperature  of  the  workpieces,  the  method  comprising  the  steps  of  subjecting  the  workpieces  (33,  34) 
to  a  preliminary  preparative  treatment  at  a  zone  of  their  overlap  to  be  welded  (X-Y)  and  thereafter 
applying  sufficient  heat  to  the  workpieces  at  the  weld  zone  (37)  to  effect  there  the  welding  together 
thereof,  characterised  in  that  wherein  the  preliminary  preparative  treatment  comprises  preheating  the 

35  workpieces  at  their  overlap  (X-Y)  to  the  said  lower  temperature  and  pressing  them  together,  at  the  zone 
to  be  welded,  with  a  force  sufficiently  great  to  expel  coating  material  (43)  from  between  the  workpieces 
at  the  weld  zone. 

2.  A  method  of  welding  as  claimed  in  Claim  1  ,  wherein  the  preheating  of  the  workpieces  is  carried  to  a 
40  temperature  at  which  the  coating  material  liquefies  in  the  weld  zone. 

3.  A  method  of  welding  as  claimed  in  Claim  1  ,  wherein  the  heat  applied  to  weld  the  workpieces  is  applied 
by  subjecting  at  least  one  of  the  workpieces  (34)  to  a  high-energy  beam  (36)  incident  upon  it  at  the 
said  weld  zone. 

45 
4.  A  method  of  welding  as  claimed  in  Claim  3,  wherein  the  said  high-energy  beam  is  a  laser  beam  (36) 

which  causes  localised  fusion  of  the  workpieces  at  the  weld  zone  (37). 

5.  A  method  of  welding  as  claimed  in  any  of  Claims  1  to  4  wherein  the  preheating  is  effected  by  passing 
50  an  electric  preheating  current  through  the  workpieces  between  a  pair  of  opposed  electrodes  (17,  25) 

and  pressing  together  of  the  workpieces  (33,  34)  is  effected  by  means  of  the  electrodes. 

6.  A  method  of  welding  as  claimed  in  Claim  5,  wherein  the  preheating  is  effected  by  passing  the 
workpieces  into  the  nip  between  a  pair  of  pressure  rollers  (17,  25)  and  utilising  the  rollers  as  the  said 

55  electrodes  between  which  the  said  preheating  current  is  passed  through  the  workpieces. 

7.  A  method  of  welding  as  claimed  in  any  of  Claims  1  to  4,  wherein  the  preheating  is  effected  by  directing 
the  output  of  a  preheating  laser  (38)  on  to  at  least  one  of  the  workpieces  (34)  at  the  said  weld  zone 
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thereof. 

8.  A  method  of  welding  as  claimed  in  Claim  7,  wherein  the  workpieces  (33,  34)  are  pressed  together,  to 
expel  coating  material  (43)  from  between  them,  after  the  preheating  has  been  effected. 

5 
9.  A  method  of  welding  as  claimed  in  Claim  1  ,  wherein  a  continuous  weld  (42)  is  produced  by  carrying  out 

the  preliminary  preparative  treatment  continuously  and  progressively  over  the  workpieces  to  establish 
an  elongate  pretreated  zone  thereof,  and  applying  the  subsequent  welding  step  progressively  along  that 
zone. 

10 
10.  A  method  of  welding  as  claimed  in  Claim  1,  wherein  the  preliminary  preparative  treatment  is  applied  in 

a  stepwise  manner  to  provide  a  series  of  pretreated  zones  to  be  welded  and  the  welding  step  is  applied 
subsequently  to  each  zone  in  sequence. 

75  11.  Welding  apparatus  for  carrying  out  the  method  of  Claim  1,  comprising  pretreatment  means  (17,  25;  38; 
40),  welding  means  (35),  and  means  (12,  17,  18)  facilitating  the  transport  of  overlapping  workpieces  to 
be  welded  from  the  pretreatment  means  to  the  welding  means,  wherein  the  welding  means  comprises 
means  for  heating  the  workpieces  to  a  welding  temperature  at  a  zone  of  their  overlap  to  be  welded, 
characterised  in  that  the  pretreatment  means  comprises  means  (38;  39,  40)  adapted  to  heat  the 

20  workpieces  at  their  overlap  to  a  lower  temperature  and  means  for  pressing  the  workpieces  together  at 
the  zone  to  be  welded. 

12.  Welding  apparatus  as  claimed  in  Claim  11,  wherein  the  welding  means  comprises  a  laser  (38)  arranged 
to  direct  a  laser  beam  on  to  a  workpiece  to  be  welded. 

25 
13.  Welding  apparatus  as  claimed  in  Claim  11  or  Claim  12,  wherein  the  pretreatment  means  comprises  a 

pair  of  rollers  (17,  25)  adapted  to  receive  the  workpieces  in  their  nip. 

14.  Welding  apparatus  as  claimed  in  Claim  13  comprising  an  electrical  current  source  connectable  to  the 
30  rollers  to  apply  a  resistive  heating  current  via  the  rollers  to  the  workpieces. 

15.  Welding  apparatus  as  claimed  in  Claim  11  or  Claim  12,  wherein  the  pretreatment  means  comprises  an 
electrical  current  source  and,  connectable  thereto,  a  pair  of  electrodes  (39,  40)  movable  relative  to  one 
another  to  grip  the  workpieces  between  them  and  to  release  them. 

35 
Patentanspruche 

1.  Verfahren  zum  Zusammenschweissen  zweier  uberlappender  Werkstucke,  von  denen  mindestens  eines 
mit  einem  Beschichtungsmaterial  (43)  uberzogen  ist,  das  in  eine  fluide  oder  visco-elastische  Phase  bei 

40  einer  unter  der  Schmelztemperatur  des  Werkstucks  liegenden  Temperatur  eintritt,  wobei  das  Verfahren 
folgende  Stufen  umfasst:  Unterziehen  der  Werkstucke  (33,34)  einer  vorbereitenden,  praparierenden 
Behandlung  an  einem  zu  schweissenden  (X-Y)  Uberlappungsbereich  oder  -zone  und  anschliessendes 
Aufbringen  ausreichender  Warme  an  den  Werkstucken  am  Schweissbereich  (37),  urn  dort  deren 
Zusammenschweissen  zu  bewirken,  dadurch  gekennzeichnet,  dal3  die  vorbereitende,  praparierende 

45  Behandlung  das  Vorheizen  der  Werkstucke  an  ihrer  Uberlappung  (X-Y)  auf  die  genannte  niedrigere 
Temperatur  und  ihr  Zusammenpressen  an  dem  zu  schweissenden  Bereich  mit  einer  ausreichend 
grossen  Kraft  umfasst,  urn  das  Beschichtungs-  oder  Uberzugsmaterial  (43)  von  der  zwischen  den 
Werkstucken  liegenden  Schweisszone  auszutreiben. 

50  2.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  1  ,  bei  dem  das  Vorheizen  der  Werkstucke  bis  zu 
einer  Temperatur  ausgefuhrt  wird,  bei  der  sich  das  Beschichtungs-  oder  Uberzugsmaterial  in  der 
Schweisszone  verflussigt. 

3.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  1  ,  bei  dem  die  zum  Schweissen  der  Werkstucke 
55  aufgebrachte  Warme  dadurch  aufgebracht  wird,  dal3  mindestens  eines  der  Werkstucke  (34)  einem 

Hochenergiestrahl  (36)  ausgesetzt  wird,  der  direkt  auf  die  Schweisszone  einwirkt. 

7 



EP  0  365  229  B1 

4.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  3,  bei  dem  der  Hochenergiestrahl  ein  Laserstrahl 
(36)  ist,  der  das  lokalisierte  Verschmelzen  der  Werkstucke  an  der  Schmelzzone  (37)  bewirkt. 

5.  Verfahren  zum  Zusammenschweissen  nach  irgendeinem  der  Anspruche  1  bis  4,  bei  dem  das  Vorhei- 
5  zen  dadurch  erreicht  wird,  dal3  ein  elektrischer  Vorheizstrom  durch  die  Werkstucke  zwischen  einem 

Paar  gegenuberliegender  Elektroden  (17,25)  verlauft,  und  wobei  das  Zusammenpressen  der  Werkstuk- 
ke  (33,34)  mittels  der  Elektroden  erzielt  wird. 

6.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  5,  bei  dem  das  Vorheizen  dadurch  erreicht  wird, 
io  dal3  die  Werkstucke  in  den  Klemmspalt  zwischen  einem  Paar  Druckrollen  (17,25)  eingefuhrt  und  die 

Rollen  oder  Walzen  als  die  genannten  Elektroden  verwendet  werden,  durch  die  der  Vorheizstrom  durch 
die  Werkstucke  hindurchverlauft. 

7.  Verfahren  zum  Zusammenschweissen  nach  irgendeinem  der  Anspruche  1  bis  4,  bei  dem  das  Vorhei- 
15  zen  erreicht  wird,  indem  die  Ausgangsleistung  eines  Vorheizlasers  (38)  auf  mindestens  eines  der 

Werkstucke  (34)  an  dessen  Schweisszone  gerichtet  wird. 

8.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  7,  bei  dem  die  Werkstucke  (33,34)  zusammenge- 
presst  werden,  urn  das  Beschichtungs-  bzw.  Uberzugsmaterial  (43)  zwischen  ihnen  hinwegzustossen, 

20  nachdem  das  Vorheizen  durchgefuhrt  worden  ist. 

9.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  1,  bei  dem  eine  kontinuierliche  Schweissnaht 
(42)  dadurch  hergestellt  wird,  dal3  man  die  vorbereitende,  praparierende  Behandlung  kontinuierlich  und 
progressiv  uber  die  Werkstucke  durchfuhrt,  urn  eine  langliche,  vorbehandelte  Zone  oder  Bereich 

25  hervorzurufen  und  die  anschliessende  Schweissstufe  progressiv  entlang  dieser  Zone  ausfuhrt. 

10.  Verfahren  zum  Zusammenschweissen  nach  Anspruch  1,  bei  dem  die  vorbereitende,  praparative 
Behandlung  stufenweise  angewendet  wird,  urn  eine  Reihe  vorbehandelter,  zusammenzuschweissender 
Zonen  vorzusehen,  und  wobei  die  Schweisstufe  anschliessend  bei  jeder  Zone  aufeinanderfolgend 

30  durchgefuhrt  wird. 

11.  Schweissapparat  zum  Durchfuhren  des  Verfahrens  nach  Anspruch  1,  umfassend  Vorbehandlungsmittel 
(17,25;  38;40),  Schweissmittel  (35)  und  Mittel  (12,17,18)  zur  Erleichterung  des  Transports  der  uberlap- 
penden,  zusammenzuschweissenden  Werkstucke  vom  Vorbehandlungsmittel  zum  Schweissmittel,  wo- 

35  bei  das  Schweissmittel  Mittel  zum  Erhitzen  der  Werkstucke  auf  eine  Schweisstemperatur  an  ihrer 
zusammenzuschweissenden  Uberlappungszone  umfasst,  dadurch  gekennzeichnet,  dal3  das  Vorbehand- 
lungsmittel  Mittel  (38;39,40)  umfasst,  die  ausgelegt  sind,  urn  die  Werkstucke  an  ihrer  Uberlappung  auf 
eine  niedrigere  Temperatur  zu  erwarmen  und  Mittel  zum  Zusammenpressen  der  Werkstucke  an  ihrer 
zusammenzuschweissenden  Zone  besitzt. 

40 
12.  Schweissapparat  nach  Anspruch  1,  bei  dem  das  Schweissmittel  einen  Laser  (38)  umfasst,  der  so 

angeordnet  ist,  dal3  er  einen  Laserstrahl  auf  ein  zu  schweissendes  Werkstuck  richtet. 

13.  Schweissapparat  nach  Anspruch  11  oder  Anspruch  12,  bei  dem  das  Vorbehandlungsmittel  ein  Paar 
45  Rollen  oder  Walzen  (17,25)  umfasst,  die  ausgelegt  sind,  die  Werkstucke  in  ihrem  Klemmspalt  aufzu- 

nehmen. 

14.  Schweissapparat  nach  Anspruch  13,  umfassend  eine  elektrische  Stromquelle,  die  mit  den  Rollen 
verbindbar  ist,  urn  uber  die  Rollen  einen  erwarmenden  Widerstandsstrom  an  die  Werkstucke  anzule- 

50  gen. 

15.  Schweissapparat  nach  Anspruch  11  oder  Anspruch  12,  bei  dem  das  Vorbehandlungsmittel  eine 
elektrische  Stromquelle  und  verbindbar  damit  ein  Elektrodenpaar  (39,40)  umfasst,  die  relativ  zueinander 
beweglich  sind,  urn  die  Werkstucke  zwischen  ihnen  zu  ergreifen  und  sie  freizugeben. 

55 

8 



EP  0  365  229  B1 

Revendicatlons 

1.  Un  precede  pour  souder  ensemble  deux  pieces  metalliques  qui  se  recouvrent,  dont  au  moins  est 
enduite  d'une  matiere  de  revetement  (43)  qui  entre  dans  une  phase  fluide  ou  visco-elastique  a  une 

5  temperature  inferieure  a  la  temperature  de  fusion  des  pieces,  le  procede  consistant  a  soumettre  les 
pieces  (33,34)  a  un  traitement  preparatoire  preliminaire  dans  la  zone  de  recouvrement  a  souder  (X-Y), 
puis  a  appliquer  aux  pieces  dans  la  zone  de  soudage  (37)  une  chaleur  suffisante  pour  realiser  leur 
soudage,  caracterise  en  ce  que  le  traitement  preparatoire  preliminaire  consiste  a  prechauffer  les  pieces 
dans  leur  zone  de  recouvrement  (X-Y)  a  la  temperature  inferieure  precitee  et  a  les  presser  ensemble, 

io  dans  la  zone  a  souder,  avec  une  force  suffisamment  grande  pour  chasser  la  matiere  de  revetement 
(43)  d'entre  les  pieces  dans  la  zone  de  soudage. 

2.  Un  procede  de  soudage  selon  la  Revendication  1  ,  dans  lequel  le  prechauffage  des  pieces  est  effectue 
a  une  temperature  a  laquelle  la  matiere  de  revetement  se  liquefie  dans  la  zone  de  soudage. 

15 
3.  Un  procede  de  soudage  selon  la  Revendication  1,  dans  lequel  la  chaleur  appliquee  pour  souder  les 

pieces  est  appliquee  en  soumettant  au  moins  une  des  pieces  (34)  a  un  rayon  a  haute  energie  (36) 
incident  sur  la  zone  de  soudage. 

20  4.  Un  procede  de  soudage  selon  la  Revendication  3,  dans  lequel  le  rayon  a  haute  energie  est  un  rayon 
laser  (36)  qui  provoque  la  fusion  des  pieces  dans  la  zone  de  soudage  (37). 

5.  Un  procede  de  soudage  selon  I'une  ou  I'autre  des  Revendications  1  a  4,  dans  lequel  le  prechauffage 
est  effectue  par  un  courant  electrique  de  prechauffage  passant  dans  les  pieces  entre  une  paire 

25  d'electrodes  opposees  (17,25)  et  les  electrodes  pressent  les  pieces  (33,34)  ensemble. 

6.  Un  procede  de  soudage  selon  la  Revendication  5,  dans  lequel  le  prechauffage  est  effectue  par  passage 
des  pieces  dans  I'etranglement  entre  une  paire  de  galets  presseurs  (17,25)  et  utilisation  des  galets 
comme  electrodes  entre  lesquelles  le  courant  de  prechauffage  passe  dans  les  pieces. 

30 
7.  Un  procede  de  soudage  selon  I'une  ou  I'autre  des  revendications  1  a  4,  dans  lequel  le  prechauffage 

s'effectue  en  dirigeant  la  sortie  d'un  laser  de  prechauffage  (38)  sur  au  moins  une  des  pieces  (34)  dans 
leur  zone  de  soudage. 

35  8.  Un  procede  de  soudage  selon  la  Revendication  7,  dans  lequel  les  pieces  (33,34)  sont  pressees 
ensemble  pour  chasser  la  matiere  de  revetement  (43)  d'entre  elles  apres  le  prechauffage. 

9.  Un  procede  de  soudage  selon  la  Revendication  1  ,  dans  lequel  une  soudure  continue  (42)  est  produite 
par  la  realisation  continue  et  progressive  du  traitement  preparatoire  preliminaire  sur  les  pieces  pour  y 

40  creer  une  zone  pretraitee  allongee,  et  I'application  progressive  de  la  phase  de  soudage  ulterieure  le 
long  de  cette  zone. 

10.  Un  procede  de  soudage  selon  la  Revendication  1,  dans  lequel  le  traitement  preparatoire  preliminaire 
est  applique  pas  a  pas  pour  produire  une  serie  de  zones  pretraitees  a  souder  et  la  phase  de  soudage 

45  est  appliquee  successivement  a  chaque  zone. 

11.  Un  appareil  de  soudage  pour  mettre  en  oeuvre  le  procede  de  la  Revendication  1,  comprenant  un 
moyen  de  traitement  preliminaire  (17,25  ;  38  ;  40),  un  moyen  de  soudage  (35),  et  un  moyen  (12,17,18) 
facilitant  le  transport  des  pieces  en  recouvrement  a  souder  entre  le  moyen  de  traitement  preliminaire  et 

50  le  moyen  de  soudage,  dans  lequel  le  moyen  de  soudage  comprend  un  moyen  de  chauffer  les  pieces  a 
une  temperature  de  soudage  dans  une  zone  de  recouvrement  a  souder,  caracterise  en  ce  que  le 
moyen  de  traitement  preliminaire  comprend  un  moyen  (38  ;  39,40)  adapte  pour  chauffer  les  pieces 
dans  leur  zone  de  recouvrement  a  une  temperature  inferieure  et  un  moyen  pour  presser  les  pieces 
ensemble  dans  la  zone  a  souder. 

55 
12.  Un  appareil  de  soudage  selon  la  Revendication  11,  dans  lequel  le  moyen  de  soudage  comprend  un 

laser  (38)  dispose  de  fagon  a  diriger  un  rayon  laser  sur  la  piece  a  souder. 
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3.  Un  appareil  de  soudage  selon  la  Revendication  11  ou  la  Revendication  12,  dans  lequel  le  moyen  de 
traitement  preliminaire  comprend  une  paire  de  galets  (17,25)  adaptes  pour  recevoir  les  pieces  dans 
leur  etranglement. 

4.  Un  appareil  de  soudage  selon  la  Revendication  13  comprenant  une  source  de  courant  electrique 
connectable  aux  galets  pour  appliquer  un  courant  de  chauffage  par  resistance  aux  pieces  via  les  galets. 

5.  Un  appareil  de  soudage  selon  la  Revendication  11  ou  la  Revendication  12,  dans  lequel  le  moyen  de 
traitement  preliminaire  comprend  une  source  de  courant  electrique  et  une  paire  d'electrodes  (39,40)  qui 
peuvent  y  etre  connectees  et  qui  sont  mobiles  I'une  par  rapport  a  I'autre  pour  serrer  les  pieces  entre 
elles  et  les  liberer. 
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